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Detection dogs in nature conservation: A database on their
world-wide deployment with a review on breeds used and their
performance compared to other methods
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Email: annegret. grimm@ufz.de 2. We reviewed the use of WDD with particular focus on the breeds used in different

countries and for various targets, as well as their overall performance compared to

Handling Editor: Diana Fisher other methods, by developing and analysing a database of 1,220 publications, in-
cluding 916 scientific ones, covering 2,464 individual cases—most of them (1,840)
scientific.

3. With the world-wide increase in the use of WDD, associated tasks have changed
and become much more diverse. Since 1930, reports exist for 62 countries and 408
animal, 42 plant, 26 fungi and six bacteria species. Altogether, 108 FCl-classified
and 20 non-FCl-classified breeds have worked as WDD. While certain breeds
have been preferred on different continents and for specific tasks and targets,
they were not generally better suited for detection tasks than others. Overall,
WDD usually worked more effectively than other monitoring methods. For each
species group, regardless of breed, detection dogs were better than other meth-
ods in 88.71% of all cases and only worse in 0.98%. It was only for arthropods
that Pinshers and Schnauzers performed worse than other breeds. For mono- and
dicotyledons, detection dogs did less often outperform other methods.

4. Although every breed can be trained as a WDD, choosing the most suitable dog
for the task and target may speed up training and increase the chance of success.
Albeit selection of the most appropriate WDD is important, excellent training,
knowledge about the target density and suitability, and a proper study design all
appeared to have the highest impact on performance. Moreover, an appropriate
area, habitat and weather are crucial for detection dog work. When these factors

are taken into consideration, WDD can be an outstanding monitoring method.
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1 | INTRODUCTION

With ongoing biodiversity loss and the rising number of threatened
and extinct species (Butchart et al., 2010; Diaz et al., 2019), the need
for science to inform nature conservation and wildlife management is
becoming increasingly important. Biodiversity loss has become one
of the core issues that has already exceeded the high-risk boundary
for destabilising the earth's system (Steffen et al., 2015). Thus, na-
ture and species conservation actions are of global and existential
importance to humankind.

Conservation actions are largely determined by species mon-
itoring (Niemeld, 2000), which is often challenging, particularly
for elusive, rare, nocturnal or highly mobile species. Furthermore,
there is often limited access to the areas in question and in spite
of the world-wide knowledge of various monitoring methods (Hill
et al., 2005), some state-of-the-art methods cannot be applied
due to high costs or poor infrastructure (Christie et al., 2016).
Moreover, reliable monitoring and species identification can often
only be carried out by experts with many years of experience
in their field (Grimm-Seyfarth et al., 2019). Insufficient species
monitoring data could in turn contribute to misinterpretation and
mismanagement, resulting in further biodiversity loss (Ferreira
et al., 2016).

Together with advances in other more recent technologies,
such as GPS and DNA extraction from small traces of a species,
wildlife detection dogs (WDD) are one method for monitoring spe-
cies of all kingdoms that could otherwise not or hardly be studied
(Bennett et al., 2019; Dahlgren et al., 2012; MacKay et al., 2008).
Compared to the six million olfactory receptor cells that humans
have, sheepdog noses have more than 200 million, and beagle
noses over 300 million (Horowitz, 2009). Dogs also have more
different kinds of olfactory cells, enabling them to detect many
more different odours (Horowitz, 2009) and to recognise spe-
cific substances at concentrations of up to 500 parts per trillion
(Johnston, 1999). Together with their trainability and willingness
to work with humans, these traits make dogs an ideal detection
technique (DeMatteo et al., 2019).

Detection dogs have been used as a monitoring technique for
decades (MacKay et al., 2008), but it is only recently that they have
garnered serious attention by ecologists from all over the world. In
New Zealand, where conservation detection dogs have the longest
tradition world-wide (Appendix S1), they are divided into ‘protected
species dogs’ trained to detect rare species, and ‘predator detection
dogs’ trained to detect invasive alien predators for eradication pro-
grams (Cheyne, 2011). Today, detection dogs have an even wider
field of application, which includes the detection of pests (e.g. inva-
sive plants, arthropods, fungi), traces (e.g. scat, hair), carcasses (e.g.

in wind parks, under power lines or poison monitoring) and animal

quarters (e.g. dens, roosts, nests). However, if WDD are to contrib-
ute significantly to conservation and management, their strengths,
abilities and limitations should be fully identified.

Zwickel (1969) has provided a first small review of conserva-
tion dogs, a synonym frequently used for WDD. He suggested the
following tasks for WDD: (a) locating and (b) collecting wildlife, (c)
studying wildlife behaviour, (d) protecting property from wildlife
and (e) facilitating the proper harvest of species (Zwickel, 1969).
This was extended by one category in the updated version: (f) live
capturing of wildlife (Zwickel, 1980). With growing attention over
the last decade, several books and reviews have been published.
Some publications give a short overview (Dahlgren et al., 2012; Hurt
& Smith, 2009; Woollett (Smith) et al., 2014), some are dedicated
to specific targets, for example, the detection of scats (MacKay
et al.,, 2008), insects (Lehnert & Weeks, 2016), carcasses (Barrientos
et al., 2018) or rare species (Bennett et al., 2019). Other publications
are dedicated to dogs, for example, pointing dogs as game detection
dogs (Watson, 2013) or the selection of an appropriate WDD (Beebe
et al., 2016; Jamieson et al., 2017). However, so far there has not
been a comprehensive review of both the historical and the most
recent use of WDD. Therefore, this literature review compiles the
use of detection dogs in nature conservation, wildlife research and
management from past to present, demonstrating the potential of
this method. We provide an overview on target species and types
in different countries and investigate which dog breeds have been
preferably used per target and location, thereby summarising trends
uncovered in the work of others. We also compiled all studies that
compared WDD with other monitoring methods and summarised
how these studies determined that WDD performed relative to other
methods. Last, if WDD did not outperform other monitoring meth-
ods, we compiled limitations in using WDD for species monitoring.

2 | MATERIALS AND METHODS
2.1 | Literature review

We systematically searched for any publication using the following
search terms in Google Scholar and ISI Web of Knowledge: wild-
life detect® dog, species detect* dog, scat detect* dog, [species] +
detect* dog, [author] + detect* dog, [country] + detect* dog, con-
servation (detect*) dog, predator (detect*) dog, protected species
(detect*) dog, den detect* dog, roost detect* dog, plant detect* dog,
canine detection, and tracking dog. We traced any potentially rel-
evant cited publication and only included those in our review that
we could check ourselves. We also collected publications if we got
to know them otherwise and reviewed existing literature lists and

compilations (Appendix S1.1).
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We focused mainly on scientific literature, including scien-
tific papers, dissertations and project reports. However, WDD
were frequently used for conservation or management purposes
without a scientific research project behind them. For a more
comprehensive overview of their deployment and performance,
we included popular science or newspaper articles when no sci-
entific publication about the project was found. In addition, we
used social media platforms to obtain many articles from different
countries (Appendix S1.1). In order to avoid multiple citations of
the same study for which publications from different sources have
been published, we compared each new entry with the entries
in the database and preferably included scientific publications,
followed by books, popular science and newspaper articles (see
Appendix S1.1 for a detailed description).

Dogs used to detect contrabands, poached, trafficked or other
illegally taken plants, animals or animal components are frequently
called wildlife dogs, but are not commonly considered to be conser-
vation dogs (Hurt & Smith, 2009) and were therefore not considered
in this review. Likewise, we did not consider truffle, virus and medi-
cal detection dogs. However, dogs detecting bacteria for conserva-

tion and pest management were included.

2.2 | Database structure

We compiled data from the literature in a relational database
(Microsoft Access 2013) consisting of five basic tables: literature,
dog breeds, target target types and countries
(Appendix S2). We classified dog breeds into the 10 FCI classifica-

tion groups® and breeds not listed as ‘not classified’. We assigned

species,

mixed breeds to a main or first-mentioned breed or to the category
‘Mix’ when they could not be assigned to a specific breed. We clas-
sified target species according to their Latin and English names,
genus, family, order, class, phylum and kingdom, adding subspecies
names if provided. If the dog detected species groups without fur-
ther specification (e.g. bat or bird carcasses, rodents, weed), we
retained this group only. Taxonomic changes due to splitting of
taxa into several species were only made if the allocation to the
new species was obvious from the geographic information pro-
vided or had already been done by other authors. We divided po-
tential target types into: living or dead individuals; nests, dens,
clutches, coveys, roosts; scat, urine, saliva, glandular secretion;
spores, eggs; larvae; hair, feathers, pellets, shed skin; and different
combinations thereof. Lastly, we classified countries according to
the (sub-)continent into North, Central and South America,
Europe, Asia, Africa and Oceania, assigning Russia and Turkey to
‘Eurasia’. Furthermore, we assigned Australia, New Zealand and all
oceanic islands (including Subantarctic islands) to ‘Oceania’ and
made no differentiation to Zealandia.

In a main table, we then assigned each breed-target species-

country association per reference as a single ‘case’. We marked

1http://www.fci.be/en/NomencIature/, last assessed on 03/08/2019.

pure-breed dogs and added a second breed for mixed breeds (if pro-
vided), as well as the number of dogs per breed and reference (if not
mentioned directly, ‘1’ for mentioning ‘dog’ and ‘2’ for mentioning
‘dogs’). We also added specifications to the country (e.g. Islands). If
available, we extracted results of the WDD performance compared
to other monitoring methods. We classified the performance into
four categories: dogs were (a) better; (b) equal; or (c) worse than
other methods tested; or (d) mixed results. The factor in comparison
was study-specific and could include speed per area or transect, area
size, sample size, quality, detectability, specificity, sensitivity, accu-
racy or precision. We relied on those conservative measures since
different monitoring methods can hardly be compared otherwise.
The category ‘mixed results’ was given when the dogs were better
at some factors but worse at others, or when the performance de-
pended on season, year, site or dog. Since we designed the database
as arelational database, IDs among the five basic tables and the main
table were linked together for quick searches and queries (Grimm-
Seyfarth et al., 2021).

2.3 | Differences in the use of different breeds

We particularly focussed on the use of different dog breeds per con-
tinents, target species and target types, using Fisher's exact rank test.
If significant, we used pairwise chi-squared tests and the Bonferroni-
Holm correction for p-values as a post hoc test (Holm, 1979). To ho-
mogenise sample sizes among taxonomic groups, target species were
grouped for these analyses as follows: Actinopterygii, Amphibia,
Arthropoda, Aves, Bacteria, Fungi, Magnoliopsida - Dicotyledons,
Magnoliopsida - Monocotyledons, Mammalia, Mollusca, Nematoda,
Pinopsida and Reptilia.

To ensure scientific comparability, we performed every analysis
four times: with all publications together and with scientific publica-
tions only, and based on either cases or references. For example, if
one publication described one breed detecting two species, analyses
of the breed would ‘double-count’ this dog when based on cases, but
count it only once when based on references. Therefore, we specify
the dataset used as all_cases (all references based on cases), scien-
tific_cases (scientific references based on cases), all_references (all
references based on references, i.e. dropping ‘double-counts’ where
possible) and scientific_references (scientific references based on
references). We report the results of the most restrictive approach
using the dataset scientific_references in the main text, and the re-
sults of the less constrained datasets (all_cases, scientific_cases and
all_references), which revealed similar results with slight additional

differences, in Appendix S3.

2.4 | Performance of wildlife detection dogs

To analyse differences in the performance of WDD, we removed all
cases without comparisons and, due to the low numbers, combined

those cases where dogs did not perform better than other methods


http://www.fci.be/en/Nomenclature/

GRIMM-SEYFARTH ET AL.

Methods in Ecology and Evolution 571

(i.e. equal, worse or mixed results). We tested whether the perfor-
mance was different among breeds, and whether WDD (regardless
of the breed) performed better than other methods for different tar-
get species groups or target types. We used Fisher's exact rank test
and, if significant, pairwise chi-squared tests with Bonferroni-Holm
correction for p-values as a post hoc test. In cases where detection
dogs did not perform better than any other method, we separately
assessed reasons for this.

3 | RESULTS

3.1 | Overview of the literature compiled

In total, we included 1,220 publications (Appendix S2: Table S5) into
our database referring to 2,465 distinct cases. They comprise 916
(75.08%) scientific publications, 56 (4.59%) books, 173 (14.18%)
popular science and 75 (6.15%) newspaper articles describing 1,840
(74.68%), 181 (7.35%), 332 (13.47%) and 111 (4.50%) cases respec-
tively. The average number of described cases per publication was
highest for books (3.23), followed by scientific and popular science
articles (2.01 and 1.92 respectively) and lowest for newspaper arti-
cles (1.48).

The first scientific publication dates from 1930, the first book
from 1938, the first popular science article from 1962 and the first
newspaper article included from 1988 (Figure 1; see Appendix 51.2
for an overview of the historic development showing the deploy-
ment of WDD for different species and targets). Until 2000, the
number of scientific publications increased by 0.1 publication
per year (linear model (LM), p <« 0.001), while there was no in-
crease in the number of book or popular science publications (LM,
p = 0.6 and 0.7 respectively). From 2000 on, the number of pub-
lications per year increased exponentially, with the strongest in-
crease in scientific and popular science publications (LM, increase
per year = 1.61 and 1.04 publications, p = 0.001 and p <« 0.001
respectively), followed by newspaper and book publications (LM,
increase per year = 0.70 and 0.18 publications, p = 0.0001 and

0.019 respectively). Notably, the annual increase for book, popular
science and newspaper publications was significant even if it only
included those studies not mentioned in a scientific publication.
The availability of popular science and newspaper publications be-
came much easier after 2000 while articles from earlier years were

likely inaccessible to us.

3.1.1 | Geographic coverage

Reports on the use of WDD include all continents except the
Antarctic mainland (Figure 2; Table 1). Most cases were reported
from North America, mostly from the United States (773 cases).
This was followed by Europe with almost equally distributed
reports among 20 countries, with exceptionally high numbers
from the United Kingdom (186 cases), Germany (132 cases) and
Sweden (56 cases). From Oceania, most cases came from New
Zealand (294 cases; Figure 3). Other reports came from eight
African countries, eight South American countries, 14 Asian and
Eurasian countries, mostly from Russia and Vietnam (36 and
13 cases respectively) and seven Central American countries
(Figures 2 and 4).

This biased geographic distribution most likely reflects the historic
deployment of WDD (Appendix S1.2). High numbers of scientific pub-
lications were found in countries with a long history of WDD employ-
ment, for example, the United States, the United Kingdom and New
Zealand (Figure 3). In other countries, the use of WDD is more recent.
Despite many cases reported for Germany, only 37% of the publica-
tions were scientific, whereas the median proportion of scientific pub-
lications across all countries was 80%. While the search for scientific
literature was likely not skewed by country, non-scientific literature,
usually written in the national language, was more challenging to find.
We checked publications in the following languages: English, German,
Polish, Russian, Norwegian, Swedish, French, Spanish (from Spain and
South American countries), Portuguese, Dutch, Danish, Czech, Italian
and Japanese. However, the proportion of non-scientific publications
was highest for Africa (Table 1).
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FIGURE 2 Overview of the countries
for which the use of wildlife detection
dogs (WDD) has been reported, colour-
coded by the number of all (above) and
scientific (below) publications per country.
If references report the use for several
J— countries, these were counted separately
0
1-5
| 6-10
= W 11-20
B 21-50
Bl 51-100
Bl 101-250
Il 251-500
X X X TABLE 1 Anoverview of the number
Continent # Countries # Species # Cases # References . .
of countries, species, reported cases and
Africa 8 33 172 (155) 26 (16) references per continent, for which the
At andl Euraste 14 38 84 (56) 48 (36) use of WDD has been reported. Numbers
. 20 150 693 (444) 329 (223) in brackets refer to the numbers from
Lrope scientific publications. Note that some
Central America 7 22 67 (63) 25(21) references report the use for more than
North America 2 179 904 (697) 530 (424) one continent and are thus counted
Ol 3 108 434(322) 211 (144) multiple times. See Appendix S2: Table S1
for a detailed list of all countries
South America 8 38 106 (98) 53(48)
World-wide 4 5 (5) 5(5)

3.1.2 | Targets for wildlife detection dogs

The use of WDD has been reported for at least 483 species, 208
families, 102 orders and 34 different classes. Most species belong
to animals (84.44%), followed by species of plants (8.92%), fungi
(5.39%) and bacteria (1.24%; Table 2). The considerably highest num-
ber of reported cases (1,129, 45.82%) and publications (582, 44.67%)
refer to mammal species. The majority of them refer to Felidae (262
cases, 225 scientific), Canidae (148 cases, 114 scientific), Ursidae
(99 cases, 92 scientific) and Mustelidae (102 cases, 71 scientific).
This is followed by birds [619 (25.11%) cases, 378 (29.01%) refer-
ences], for which most refer to Phasanidae (233 cases, 195 scientific)
and Scolopacidae (94 cases, 78 scientific). Other frequent deploy-
ments of WDD have been reported for reptiles, insects and dicoty-
ledonous plants (Table 2; Figure 5).

In 64% of all reported cases, WDD were trained on living indi-
viduals, occasionally combined with nests, eggs, scats or dead indi-
viduals. Twenty-five per cent of all cases describe deployment for
scat, urine, saliva or glandular secretions only, where they are com-
monly referred to as scat detection dogs. Another 4.9% were trained

on dead individuals only, 4.6% on nests, dens, clutches, coveys or

roosts, 0.8% on hairs, feathers, pellets or shed skin and the remain-

ing 0.7% were trained for spores, eggs or larvae (Figure 6).

3.1.3 | Breeds used as wildlife detection dogs

Numerous dog breeds have been trained as WDD. Most breeds
mentioned as WDD belonged to the FCl classes Pointers and Setters,
Spitz and primitive types, Retrievers, Flushing dogs and Water dogs,
Scent hound, and Sheepdogs and Cattledogs. However, most of the
reported cases mentioned breeds of the FCI classes Retrievers,
Flushing dogs and Water dogs (453, 18.3%), followed by Sheepdogs
and Cattledogs (428, 17.4%), and Pointers and Setters (315, 12.8%).
For scientific cases only, Sheepdogs and Cattledogs even outnum-
bered Retrievers, Flushing dogs and Water dogs (Table 3). All FCI
classes have been deployed except for group 10 (Sighthounds), al-
though Heaton et al. (2008) mention the deployment of the non-
FCl-classified Carolina Dog, which is classified as a Sighthound by
the American Kennel Club.?

2www.akcnrg, last assessed on 16/03/2020.
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The most deployed breeds of all scientific cases were Labrador
Retrievers (9.2%), undetermined Pointing dogs (8.0%), Border Collies
(5.9%) and German Shepherds (5.6%). The next most common breed,
the English Springer Spaniel, was only mentioned in 2.6% of scien-

tific cases. Regrettably, in 42.2% the breed was not mentioned.

3.2 | Differences in the use of different breeds

Thedistribution of FCl-classified breed groups was skewed among con-
tinents (Fisher test, Pscientific_references = 0-0005, Figure 4, Appendix S3:
Table S1), target species (Fisher test, Pscientific_references = 0.0005,

Figure 5, Appendix S3: Table S2) and target types (Fisher test,
Pecientific._references = 0-0005, Figure 6, Appendix S3: Table S3). Sheepdogs
and Cattledogs were equally deployed across continents but signifi-
cantly more often for dicotyledons than any other breeds (p = 0.01),
and significantly less often for birds (p < 0.001) and thus, also for their
typical target type, the combination of living individuals and nests
(p = 0.04). However, they were significantly more often deployed as
scat detection dogs (p < 0.001) and slightly more often for pest detec-
tion from spores and eggs (p = 0.09). Pinshers and Schnauzers were
equally deployed across continents and target species, but signifi-
cantly more often for detecting dead individuals (p < 0.001) as they

were often used for fatality searches (Grimm-Seyfarth et al., 2021).
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TABLE 2 Summary of the kingdom, phylum and classes and the number of orders, families and species (excluding subspecies) per

class for which the use of WDD has been reported, as well as the number of reported cases and references. Numbers in brackets refer to
numbers from scientific publications. A ‘0’ in the number of orders, families or species means that no publication specified the exact order,
family or species respectively. Note that some references report the use for more than one class and are thus counted multiple times. See
Appendix S2: Table S2 for a detailed list of all species

Kingdom

Animalia

Bacteria

Fungi

Plantae

Phylum

Arthropoda

Chordata

Mollusca

Nematoda

Actinobacteria
Chlamydiae
Cyanobacteria

Firmicutes

Proteobacteria

Ascomycota

Basidiomycota

Chytridiomycota
Deuteromycota
Heterokontophyta
Zygomycota
Tracheophytes

Class

Arachnida
Insecta
Malacostraca
Actinopterygii
Amphibia

Aves

Mammalia
Reptilia

Bivalvia
Gastropoda
Chromadorea
Secernentea
Actinobacteria
Chlamydiae
Cyanophyceae
Bacilli

Clostridia
Sphingobacteria
Alpha-proteobacteria
Gamma-proteobacteria
Ascomycetes
Dothideomycetes
Eurotiomycetes
Leotiomycetes
Saccharomycetes
Sordariomycetes
Agaricomycetes
Basidiomycetes
Chytridiomycetes
Deuteromycetes
Oomycota
Zygomycetes
Weed undetermined®

Magnoliopsida
- Dicotyledons

Magnoliopsida
- Monocotyledons

Pinopsida

# Orders # Families
1 1
8 23
1 1
2 2
3 9
14 36
18 52
22

O O r O FP P W U KB KB P 1B ON PR PR PR NORFRPR L P P WN W

N
~

1

O O »r O P B OO O P P P P ON P P P N O R P P N N

N
o

This refers to a project report where the weed has not been further specified.

Terriers were significantly more deployed in Oceania (p = 0.02),

where many eradication programs were conducted (Grimm-Seyfarth

et al., 2021). Their use was significantly higher in reptiles than in any

other species (p = 0.02) and significantly lower in birds (p = 0.006). In

# Species

1
50
1

2
17
114

._\
o u»
s N

O O uu O P B N 00 O P MR ODN P P, P P OO O R WNNDN

w
~N

# Cases # References
1(1) 1(1)
193 (100) 91 (47)
1(0) 1(0)
11(8) 5(2)
39(12) 26 (9)
619 (491) 378 (336)
1,129 (898) 582 (450)
230 (177) 92 (55)
24 (4) 12 (1)
10 (5) 6(3)
3(3) 1(1)
2(0) 1(0)
2(2) 2(2)
1(1) 1(1)
1(1) 1(1)
12 (6) 2(1)
5 (4) 4(3)
3(2) 2(1)
2 (1) 2(1)
13(8) 5(2)
4(1) 4(1)
2(2) 2(2)
7(7) 3(3)
1(1) 1(1)
1(1) 1(1)
20 (15) 13 (10)
17 (7) 10 (3)
1(0) 1(0)
1(1) 1(1)
4(1) 4(1)
5(4) 2(1)
4(1) 4(1)
2(2) 1(1)
79 (62) 26 (14)
13(9) 12 (8)
3(2) 3(2)

line with their hunting history, Terriers were significantly more often

used to detect living individuals than other target types (p = 0.005).

The use of Dachshunds was significantly higher in Africa (p = 0.002)

and for detecting shed skin and fish (both p << 0.001). Spitz and primitive
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types were significantly more often used in Eurasia (p < 0.001) and for
mammals (p = 0.02), as they were frequently used as scat detection
dogs in Russia (e.g. Krutova, 1993). The deployment of Scent hounds
was not geographically biased. Their use was significantly higher for
Arthropods (p < 0.001) and living individuals (p = 0.0005) than in other
targets, but significantly lower for birds (p = 0.05). Most Scent hounds
were used for pest detection (Grimm-Seyfarth et al., 2021).

Pointers and Setters were significantly more often used in Europe
(p < 0.001), particularly in the United Kingdom and Scandinavia
(Appendix S1.2), for detecting birds and living individuals and nests
(both p < 0.001) or nests and coveys (p = 0.002), due to their inten-
sive history of detecting ground-breeding birds—a task very similar to
the purpose that they were bred for (Watson, 2013). Their use was

significantly lower in Oceania and for mammal or scat detection (all
p < 0.001). Retrievers, Flushing Dogs and Water dogs were equally
deployed across continents but more often for Bacteria than any
other breed (p = 0.003). They were significantly less often used for
bird detection (p <« 0.001) or living individuals and nests (p = 0.04).
Companion and Toy dogs were also equally deployed across con-
tinents but significantly more often used for the detection of Bacteria
(p = 0.04) and eggs/larvae and their adults (p <« 0.001). However,
the number of dogs from this group was very small (4; Table 3). Non-
FCl-classified breeds were slightly more often used in North America
(p = 0.06) and for reptile detection (p < 0.001) and living individuals
(p = 0.07). Mixed breeds (without indication of a main breed) were

equally deployed across continents and target types, but more often
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Min # breeds, cases, references and minimum
FCI Group # Breeds # Cases # References dogs ’ ’
number of dogs used per FCl group.
1 Sheepdogs and Cattledogs 13 428 (298) 205 (121) 316 Numbers in brackets refer to numbers
2 Pinshers and Schnauzers 8 40 (36) 21 (17) 27 from scientific publications only. See
3 Terriers 1 79 (61) 42 (26) 99 Appendix S2: Table S3 for a detailed list of
all breeds
4 Dachshunds 1 16 (16) 2(2) 2
5 Spitz and primitive types 18 47 (27) 25 (14) 151
6 Scent hounds 16 94 (63) 63 (45) 190
7 Pointers and Setters 18 315(221) 206 (171) 411
8 Retrievers, Flushing dogs, 17 453 (279) 234 (133) 512
Water dogs
9 Companion and Toy Dogs 5 5(3) 4(2) 4
not classified 19 44 (38) 28 (24) 183
Mix 29 (22) 23(18) 42
Breed not mentioned 915 (776) 571(482) 1,237

TABLE 3 Summary of the number of

TABLE 4 Performance of WDD compared to other monitoring methods for 617 cases. Numbers in brackets refer to scientific cases only.
For the 69 cases where WDD did not perform better than any other monitoring method, reasons are given. #mentions—number of cases
from 69 where this reason has been mentioned, multiple mentions are possible

Performance of WDD Better Equal Worse Mixed results
Number of cases 542 (359) 15(13) 6 (5) 48 (45)
Summary cases 542 69
Reason Description # Mentions
Training The behaviour of the dog pointed out training mistakes, for example, too high 37
specificity
Density of target Scent pools confuse dogs or low target densities frustrate dogs 26
Study design The use of a detection dog does not fit to the study, for example, too many target 21
objects
Target Size of target can easily be detected by humans or target has only little smell 20
Season and weather Seasonality of species, temperature and rainfall affect detectability 14
Area and habitat Density of vegetation affect detectability or dangerous habitat (e.g. cliffs) 13
Individual differences Personality or ability of individual dog does not fit the function (e.g. assistance dog 12
does not leave handler)
Cost considerations Much higher costs for dog and logistics than for other methods do not justify their 9
use
Verification issues Usually when a generalised dog was used for a specialised target and genetic 3

verification was necessary

for Bacteria detection (p = 0.003). The breed was reported signifi-
cantly more often in studies from Europe (p = 0.006) and those on
arthropods (p < 0.001), but significantly less often in studies from
Oceania (p = 0.04) and those on mammals (p < 0.001).

3.3 | Performance of wildlife detection dogs

From all 2,464 reported cases, only 611 (422 scientific) compared
the use of WDD to other monitoring methods. Of those, 542 cases
(88.71%; 359 scientific) reported that detection dogs performed bet-
ter than any other method, 15 (2.45%; 13 scientific) reported equal

performance, six (0.98%; 5 scientific) reported worse performance and
48 cases (7.86%; 45 scientific) resulted in mixed results (Table 4). We
found slight evidence that the performance among dog breed classes
differed (Fisher test, Pail_cases = 0.06, Pecientific_case = 0.11). Apost hoc test
revealed that terriers may perform less often better than other moni-
toring methods (Chi post hoc test, b e = 0-19, Pocienific case = 0-02),
although statistical support was not strong. No differences were found
for other breed classes, suggesting that the same proportion of dogs
performed better than other methods or not.

We did not detect any significant differences in the perfor-
mance among breed classes for birds (Fisher test, Pail_cases = 0.36,
n

=155and Pscientific_cases = 0-17, N 109) or reptiles

all_cases scientific_cases
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(FiSCher teSt’ pall_cases = 0'42’ nall_cases =50and pscientific_cases = 0’40’
= 33). However, we detected an almost significant
=275

= 224), where Terriers tend

nscientific_cases
difference for mammals (Fisher test, Pail_cases = 0.04,n

and pscientific,cases = 0'06’ n

to perform worse than other breeds when considering scientific

all_cases

scientific_cases

cases (Chi post hoc test, p, ,eec = 0.66 and p_ i vicic cases = 0-04).
We further found a significant difference for arthropods (Fischer
= 0.02, Nl cases = 67 and p = 0.03,

= 21), where Pinshers and Schnauzers performed

Test, p

all_cases scientific_cases

Nscientific_cases
worse than other breeds (Chi post hoc test, Pail_cases = 0.001 and
Pscientific_cases = 0-12)-

We then tested whether WDD, irrespective of their breed, per-
formed better than other methods in different target species groups
or target types. We observed a difference among target species
groups (Fisher test, p_ ccs = 0.001 and p . vicic cases = 0-0005) be-
cause WDD did less often perform better in studies with dicotyle-
dons (Chi post hoc test, p_ c,ces = 0004 and p, ;e iific cases = 0-001)
and monocotyledons (Chi post hoc test, p, ., = 0.05 and
= 0.01). We also observed a difference regarding the
=0.0005) as they

performed less often better when searching for the combination

pscientific_cases

target types (Fisher test, p and p

all_cases scientific_cases

of living individuals and scat/saliva (Chi post hoc test, Pail_cases and
Pscientific_cases < 0.001). Additionally, in scientific studies, WDD did
less often outperformed other methods when searching for living
individuals (Chi post hoc test, b eniic_cases = 0-005).

4 | DISCUSSION

Our findings statistically support previous suggestions that specific
breeds have been preferably used for specific tasks and targets
(Dahlgren et al., 2012), but contradict the assumption that specific
breeds are generally better suited for detection tasks. We found sev-
eral lines of evidence that terriers did less often outperform other
monitoring methods, particularly for mammal detection. However,
terriers were mostly used in eradication programs, which need a
broad combination of monitoring methods dedicated to different
tasks (Clout & Russell, 2006). Therefore, the performance of dogs
was often evaluated as ‘mixed results’. This also explains why WDD
did less often outperform other methods regarding the target types
living individuals or living individuals and scat.

Apart from eradications, it was only for arthropods that Pinshers
and Schnauzers performed worse than other breeds, which was
shown in a study where a Rottweiler performed slightly worse
than two Golden Retrievers when detecting red palm weevil
Rhynchophorus ferrugineus (Soroker et al., 2013). Irrespective of the
breed, WDD did not outperform other methods for mono- and di-
cotyledons. While dogs detected much smaller plants than humans,
they could not differentiate among many plants in high densities (e.g.
Sargisson et al., 2010). However, WDD were advantageous for de-
tecting underground plants (NSW, 2020).

WDD performed better in almost 90% of all cases that compared

them to other monitoring methods. For example, WDD detected

between 3.5 and 4.7 times more black bears Ursus americanus, fish-
ers Martes pennanti and bobcats Lynx rufus than camera traps and
seven times more black bears than hair snares, which did not detect
any other species (Long et al., 2007). In another study, WDD de-
tected 10 times more bobcats than cameras, hair snares and scent
stations combined (Harrison, 2006). Likewise, WDD found four
times more scats of kit fox Vulpes macrotis (Smith et al., 2001) and
Eurasian otter Lutra lutra (Grimm-Seyfarth et al., 2019) than expe-
rienced human searchers. Moreover, they required much less time
to determine species presence than camera traps (Clare et al., 2015)
or hair snares (Tom, 2012). Another advantage of WDD is a lower
sampling and spatial bias than most other methods (Grimm-Seyfarth
etal., 2019; Long & MacKay, 2012). Finally, WDD showed a substan-
tially higher species specificity compared to human searchers (e.g.
Grimm-Seyfarth et al., 2019; Smith et al., 2001).

Nevertheless, in 11.3% of all cases, WDD did not outperform
other monitoring methods. In two of the six cases where WDD per-
formed worse, dogs either dispersed (Invasive Animals CRC, 2013)
or even captured the target species (Goodrum, 1940). This strength-
ens the argument that WDD implementation requires more train-
ing than scent detection alone. Generally, we found that most cases
where WDD did not perform better indicated problems in training
(37 cases), an issue also highlighted for bird dogs (Gutzwiller, 1990)
and scat detection dogs (MacKay et al., 2008). Importantly, good
training includes the selection of proper training samples (DeMatteo
etal., 2019; Simon et al., 2020) as well as handler abilities (DeMatteo
et al., 2019). Issues with the target density (26 cases), study de-
sign (21 cases), the target species (20 cases), season- and weather-
dependent detectability (14 cases) or an unsuitable area or habitat
(13 cases) followed this (Table 4). Performance fluctuations among
days, habitats (vegetation density, slope) and weather (tempera-
ture, humidity, wind) have been observed before (Gutzwiller, 1990;
MacKay et al., 2008). However, it has never been strengthened that
detection dogs might not be the most suitable method for some
target species, for example, when searching for easily visible large
scats on trails (Brooks et al., 2012), or for living individuals of species
adapted to feral dogs as predators (Mcllroy & Saillard, 1989), very
fast species (Mowbray, 2002) or those with a low smell (Karp, 2020).
The last is also an example that a proper study design adapted to the
species and habitat is necessary for the success of WDD. Another
important issue is the difference among individual dogs, which has
regularly been mentioned before (e.g. Gutzwiller, 1990; MacKay
et al., 2008) and already been suggested since the first publications
(Wight, 1931). This was evident in mixed results when other moni-
toring methods were better than some, but not all dogs (12 cases).
Although selection of the most appropriate WDD is important,
training, target density and suitability, and study design appeared
to have a greater impact. Moreover, in addition to the dogs' age and
experience, their biological, psychological and social characteristics
(Beebe et al., 2016) as well as their handling and housing are likely to
play a role in their performance (Byosiere et al., 2019). Finally, other
reasons for the dogs' performances were excessive costs (nine cases)

and target verification issues (three cases; Table 4). Importantly, the
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effect of some issues can be limited with proper adjustments (Leigh
& Dominick, 2015) and training adapted specifically to the dog and
the given field conditions (Woollett (Smith) et al., 2014).

5 | CONCLUSIONS

WDD in conservation, wildlife research and management have been
employed for a long time, but gained particular attention over recent
decades. With the world-wide increase in the use of WDD, their work
tasks have changed and become much more diverse. While specific
breeds have been preferred on specific continents and for specific
tasks and targets, they are generally not better suited for detection
tasks than others. Nevertheless, choosing a dog most suited for the
task and target may speed up training and increase the chance of suc-
cess. Overall, WDD worked more effectively than other monitoring
methods in almost 90% of the studies. Although selection of the most
appropriate WDD is important, excellent training, knowledge about
the target density and suitability, and a proper study design appeared
to have the highest impact on performance. If these parameters are

correctly addressed, WDD can be an outstanding monitoring method.
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