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Dogs are widely used for scent detection work, assisting in searches for, among other
things, missing persons, explosives, and even cancers. They are also increasingly used
in conservation settings, being deployed for a range of diverse purposes. Although
scent detecting dogs have been used in conservation roles for over 100 years, it is
only recently that the scientific literature has begun to document their effectiveness and,
importantly, how suitable dogs should initially be selected by organizations wanting to
develop a detection program. In this paper, we review this literature, with the aim of
extracting information that might be of value to conservation groups considering whether
to invest in the use of dogs. We conclude that selection of appropriate dogs is no easy
task. While olfactory ability is critical, so also are a range of other characteristics. These
include biological, psychological, and social traits. At present, no validated selection
tools have been published. Existing organizations have adapted selection instruments
from other contexts for their use, but very little published information is available regarding the effectiveness of these instruments in a conservation setting. In the absence of
clear guidelines, we urge those wanting to invest in one or more dogs for conservation
purposes to proceed with extreme caution and, preferably, under the watchful eyes of
an experienced professional.
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INTRODUCTION
The use of dogs in conservation detection first emerged in the 1890s, when dogs were successfully used to locate the New Zealand kiwi (Apteryx spp.) and kakapo (Strigops habroptilus)
(1, 2). Up until the early 1990s, conservation detection dogs (CDDs) focused predominantly
on detection of live birds [(3); see Ref. (4) for additional references]. Recent years, however,
have seen a rapid expansion of the field. Conservation detection now encompasses an array
of activities, including detection of live wildlife (5–8), carcass detection for birds and bats
around wind turbines (9–12), and detection of scats, pathogens, and other biological materials
(13–16). Several reports indicate that, in many cases, CDDs are more efficient than several
other survey methods in detecting the presence/absence, and relative abundance, of plants
and wildlife (3, 10, 15, 17, 18). These animals therefore represent an exciting opportunity
which could substantially benefit conservation groups worldwide. However, the costly nature
of selecting, training, and housing CDDs (2), and uncertainty regarding why some individual
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dogs succeed in tasks where others perform poorly (19, 20),
may act as barriers preventing more widespread use.
In order to improve selection efficiency in other dog-based
scent detection contexts, relevant organizations have developed
comprehensive assessment tools. Not many of these are publicly
accessible, although a few have been described (7, 14). For
example, the Brownell–Marsolais scale (21), used with search and
rescue (SAR) and disaster dogs, reportedly allows one to measure pack, food, and play drives, as well as motivation and nerve
strength, in scent detection dog candidates. To the best of our
knowledge, no such tools exist for CDD selection. Organizations
selecting and assessing potential CDDs have reported adapting
assessment instruments from other fields, but it seems likely that
conservation detection has unique requirements, which might
mean that existing tools do not capture the full catalog of required
traits. They are also difficult for inexperienced persons to acquire
or implement effectively.
A dearth of publicly available knowledge regarding how
to select relevant dogs is potentially a significant barrier for
organizations wanting to use scent detection dogs in conservation settings. Conservation groups often involve volunteers,
and they are typically small, local organizations with access to
limited expertise and resources, unlike police and military detection units, which are comparatively well resourced. Even larger
organizations employing dogs for conservation purposes tend to
source their dogs from shelters or from among those owned by
volunteers and may benefit from access to information about successful selection practices used elsewhere. Hurt and Smith (22)
reported that, of potential CDDs sourced from shelters, as few as
one in every 200–300 dogs may be selected. Of these, only 40%
may successfully complete the training program.
Low training-completion rates undoubtedly reflect many factors that intervene between selection and eventual certification,
including health and performance issues not related to initial
suitability. Nonetheless, there is a clear need for development of
standardized tools, which may be deployed reliably throughout
the entire industry. Experienced handlers typically report preferring to work with dogs with high energy and strong motivational
drives, which may make them unsuitable as family pets, yet conservation groups may require their dogs to live primarily as pets.
The dogs may also perform their conservation role infrequently,
in fragile ecosystems, some containing critically endangered
plants or animals, and in challenging search environments where
success may be greatly affected by environmental conditions,
such as wind direction and strength. It is therefore imperative
that these dogs are highly responsive to their human handlers and
able to perform consistently across trials regardless of challenges
provided by local conditions.
A key benefit of established selection tools in other contexts
is that they assess several different characteristics believed to be
relevant to scent detection dog success. Similarly, we propose
that, in the case of CDDs, a multidimensional model may provide
a useful conceptual framework for informing development of
selection tools. For this reason, we advocate use of the biopsychosocial (BPS) model, first developed as a tool for psychiatric
medicine by Engel (23, 24). Engel (23) argued that the prevailing
biomedical model was insufficient to account for many medical
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problems and for patient outcomes following treatment. Instead,
he asserted, these outcomes typically reflect a combination of biological characteristics (genetic predispositions and physiological
mechanisms), psychological processes (perceptions, beliefs,
attitudes, personality, and attachment), and social contexts
(social structure, cultural influences, and other interpersonal
relationships).
The BPS model has widespread appeal because it reminds us
to consider whole systems, assuming from the outset that most
behavioral outcomes will reflect a complex combination of factors, some of which may interact in unexpected ways (25–27).
With regards to scent detection dogs, it seems clear that many dog
characteristics are relevant. Moreover, each dog’s characteristics
are likely to interact with those of its trainer, handler, and environment to determine overall success. One of the main advantages
of a BPS approach, however, is that the system can operate on
many levels. Analysis at one level (e.g., dog) can therefore be used
to improve understanding at a higher level (e.g., dog-handler
team). With that in mind, the aim in this review is to examine the
importance of biological, psychological, and social characteristics
in selection of candidates for training as CDDs.

LITERATURE SEARCH
First, we conducted a literature search using combinations of key
words from among the following list: BPS, working dog, scent
detection, wildlife detection, scat detection, carcass detection,
breed, temperament, personality, behavior, social intelligence,
and assessment tools. Sources searched included the Google
Scholar, Science Direct, and Web of Science databases. Second,
we examined the reference lists of studies from our first search
in order to find relevant studies we may have missed. Finally, we
searched reports from individual CDD organizations to determine whether more information was available on selection and
training in cases where sufficient information was not provided
in the published scientific literature. We compiled a list of studies which provided sufficient detail regarding the dogs used,
selection, training and search methods employed, and accuracy/
efficiency of CDD teams. Of the more than sixty studies identified, we selected 30 studies as a sample of available information
(Table 1). These 30 studies where chosen in order to represent the
broad diversity of search roles and environments in which CDDs
are often employed.

OVERVIEW OF LITERATURE SEARCH
RESULTS
As is evident from Table 1, current literature in the field primarily details what CDDs can do (4, 22, 30). The list is impressive!
Detection of biological materials, such as scats, hair, urine, and
burrows, makes up the majority of studies (76.7%), with studies focused solely on scat detection being most common of all
(56.7%). Detection of live wildlife is reported in 20% of the studies, while 6.7% focus on carcass detection.
Of the studies in this review, 43.3% reported that dogs were
acquired from professional CDD training organizations, or
were selected using criteria developed by these organizations.
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Target

Dog-handler teams

Accuracy/efficiency

Selection and training based on

Scat detection:
lowland gorilla

3 CDDs; >1 year experience

Dogs detected 43 fresh and 288 old scat samples in 44 days
Fresh scats were more likely to be detected by dogs (72%) than
humans (39%)

Selection: professional CDD organization
Reward: no mention
Training: authors refer to published CDD literature

Brook et al.
(29)

Scat detection:
Javan rhinoceros

2 CDDs; >1 year experience

Dogs detected 22 scats over 118 days, and ~429 km

Selection: professional CDD organization
Reward: no mention
Training: professional CDD organization

Browne et al.
(30)

Scat and skin
detection: 3 species
of reptile

20 CDDs; <1 year experience;
8 Retrievers, 2 Shepherds, 1
Spaniel, 5 working dog mixes, 4
non-working breeds

Average success by dogs to detect Tuatara (i) scent was 85.0%, (ii)
scats was 97.8%, and (iii) skin was 95.6%
Average success by dogs to detect Gecko (i) scent was 77.8%, (ii)
scats was 77.8%, and (iii) skin was 51.8% (Detection rates for gecko
increased with repeated trials)

Selection: experience in competitive obedience scent
discrimination exercises
Reward: no mention
Training: standard scent obedience exercises

Cablk and
Heaton (31)

Burrow and live
reptile detection:
desert tortoise

2 CDDs; no information

Accuracy for nest detection by dogs was 90%

Selection: play drive, low–moderate hunt drive, direction and
control with handler
Reward: play
Training: described in article

Chambers
et al. (32)

Roost and scat
detection: bat

2CDDs; experienced

Accuracy of dogs to detect bat scats at 6 m above ground was 20%
and at 2 m above ground was 60%

Selection: professional CDD organization
Reward: no mention
Training: professional CDD organization

Cristescu
et al. (33)

Scat detection:
koala

1 CDD; >1 year experience; Collie

Dogs were 153% more accurate than human surveyors
Dogs were 19 times faster than human surveyors

Selection: ball drive and motivation
Reward: play
Training: professional dog trainer

Dematteo
et al. (18)

Scat and burrow
detection: bush dog

1 CDD; experienced

Dogs detected 11 dens over 72 days and 218.4 km

Selection: professional CDD organization. Also mentioned
were body type (robust) and disposition (no territorial behavior)
Reward: play
Training: professional CDD organization

Duggan et al.
(8)

Live animal
detection: Franklin’s
ground squirrel

2 CDDs; experienced

Accuracy of dogs and human surveyors was similar at 83 and 84%,
respectively
Efficiency of dogs was 10 times faster than humans

Selection: professional CDD organization. Also mentioned
were object obsession and play drive
Reward: play
Training: professional CDD organization. Authors also refer to
published CDD literature

Hagell (34)

Scat detection:
spider monkey

1 CDD; experienced

Dogs and human surveyors scored similarly in comparison trials.
However dogs were less accurate (59%) than humans (82%)

Selection: professional CDD organization
Reward: no mention
Training: authors refer to published CDD literature

Harrison (17)

Scat detection:
bobcat

1 CDD; no information

Dogs were over 10 times more effective in detecting bobcats than
scent traps, camera traps, and hair scares combined

Selection: professional CDD organization
Reward: play
Training: professional CDD organization

Kerley and
Salkina (19)

Scat discrimination:
Amur tiger

5 CDDs; experienced; 1 Shepherd,
1 Pointer, 3 mixed breeds

Accuracy of scat discrimination increased from 87 to 98% with
repeated trials in 4 of the 5 dogs

Selection: play/food drive of pups and their parents
Reward: play/food
Training: authors refer to published CDD and scent
discrimination literature

Efficiency between dogs and humans was similar to find live tortoises

(Continued)
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Table 1 | Summary of a sample of wildlife, carcass, scat, and nest detection studies and the techniques used/characteristics selected for when assessing dogs as potential conservation
detection dogs (CDDs).
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Target

Dog-handler teams

Accuracy/efficiency

Selection and training based on

Leigh and
Dominick (16)

Scat detection:
spotted tailed quoll

1 CDD; <1 year experience;
Shepherd

Accuracy of dogs in grassland and heath was 83% and in woodland
was 87%

Selection: professional CDD organization. Also mentioned
were play drive, temperament, high energy and intelligence.
Authors also refer to published CDD literature
Reward: play
Training: authors refer to published CDD and scent-detection
literature

Long et al. (6)

Scat detection: 3
forest carnivores

5 CDDs; experienced

1596 scats found over 2 years (~3.6 scats/km). Of these, 83% were
unlikely to be found without CDDs

Selection: professional CDD organization. Also mentioned
were drive/object orientation and appropriate temperament
Reward: play
Training: professional CDD organization. Authors also refer to
published CDD literature

Mathews
et al. (12)

Carcass detection:
bat

2 CDDs; <1 year experience; 2
Retrievers

Accuracy of dogs was 75%, which was significantly higher than human
surveyors who detected 20% of bat carcasses
Efficiency of dogs over 4 times faster than humans

Selection: ball drive (search and play)
Reward: play
Training: trained by experienced police dog handlers

Nussear et al.
(7)

Live reptile
detection: desert
tortoise

6 CDDs; varying experience; 1
Collie, 2 Shepherds, 1 Kelpie, 2
Retrievers

Accuracy was similar between human and dog teams of ~70%. Dogs
found more targets under vegetation than humans

Selection: drive, previous scent experience, and training
Reward: no mention
Training: authors refer to published CDD literature

O’Connor
et al. (20)

Nest searches:
bumble bee

1 CDD; <1 year experience;
Spaniel

Accuracy of dog to detect known bumble bee nests was 62.5%
In uncontrolled test dog performed similar to human surveyors (CDD
1.41 nests/ha; humans 1.44 nests/ha)

Selection: authors refer to published CDD literature
Reward: no mention
Training: authors refer to published CDD literature

Oliveira et al.
(35)

Scat detection:
Mazama deer

1 CDD; <1 year experience; mixed
breed

Dog detected 8 scat samples across 39 km of trails searched,
approximately 0.21 samples/km. Human surveyors detected no scat
samples, but did record 24 deer tracks

Selection: professional organization
Reward: play
Training: military police and narcotics detection dogs

Paula et al.
(11)

Carcass detection:
bird

1 CDD; <1 year experience; 1
Shepherd

Accuracy of dog was 96%, which was significantly higher than human
surveyors who detected 9% of bird carcasses

Selection: object orientation, high drive, and appropriate
temperament
Reward: play
Training: authors refer to published CDD literature

Reed et al.
(36)

Scat detection: 6
carnivores

2 CDDs; <1 year experience; 2
mixed breeds

Accuracy decreased in dogs with increasing detection distance. At
10 m from transect, dog detection rates were >75%

Selection: professional CDD organization. Also mentioned
were object obsession and agility. Authors also refer to
published CDD and scent detection literature
Reward: play
Training: professional CDD organization. Authors refer to
published CDD literature

Reindl (37)

Scat detection:
black-footed ferret

2 CDDs; no information

Accuracy of dogs was 86% for areas of known ferret populations

Selection: professional CDD organization. Also mentioned
were play/food drive and focus, consistent concentration,
and agility
Reward: play/food
Training: professional CDD organization
(details provided in text)
(Continued)
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table 1 | Continued
Dog-handler teams

Accuracy/efficiency

Selection and training based on

Robertson
and Fraser
(38)

Live bird detection:
kiwi and kakapo

3 CDDs; experienced; 2 Retrievers,
1 Setter

Of radio-tagged birds, dogs detected 36% adult kiwis and 24%
sub-adults

Selection: temperament test by professional organization at
6–12 months into training
Reward: no mention
Training: described in article

Rolland et al.
(39)

Scat detection: right
whale

2 CDDs; no information

Detection by dogs (n = 97 scats) was more successful than humans
(n = 30 scats). Efficiency of dogs was 4 times higher than human
surveyors

Selection: calm disposition, physical stability, and persistence
Reward: play
Training: authors refer to published CDD literature

Savidge et al.
(40)

Live reptile
detection: brown
tree snake

2 CDDs; 1 experienced and 1
inexp; 2 Retrievers

Accuracy of experienced CDD (44%) was higher than the inexperienced
CDD (26%)

Selection: professional CDD organization
Reward: play
Training: narcotics, forensic, and SAR techniques

Smith et al.
(13)

Scat detection: San
Joaquin kit fox

7 CDDs; 2 Shepherds, 4
Retrievers, 1 mixed breed

Dogs correctly identified 100% of scats in scent line-up. Dogs correctly
ignored incorrect scats 67% of the time
In an uncontrolled field search dogs detected 0.43–5.37 scats/km

Selection: food or Play obsession
Reward: play/food
Training: authors refer to published CDD and scent detection
literature

Stevenson
et al. (41)

Live reptile detection
and shed skins:
eastern indigo
snake

1 CDD; experienced; mixed breed

Accuracy for live snakes was 81%, and for shed skins was 100%

Selection: professional CDD organization
Reward: play
Training: professional CDD organization

Vynne et al.
(42)

Scat detection: 5
mammals

3 CDDs; <1 year experience

Dogs detected 2683 scats over 407 surveys. This was ~6.6 scats
per dog team per search day. Detection rates varied between target
species

Selection: play drive
Reward: play
Training: professional CDD organization. Authors refer to
published CDD literature

Wasser et al.
(14)

Scat detection:
black and grizzly
bear

9 CDDs; <1 year experience

Detection rates differed between years. Dogs detected 0.63–
3.76 scats/ha in 1999, and detected 0.35–1.89 scats/ha in 2001

Selection: play drive/object orientation, temperament,
trainability, and motivation
Reward: play
Training: narcotics, bomb, and arson detection, and search
and rescue

Wasser et al.
(43)

Scat detection:
Spotted and Barred
owl

2 CDDs; experienced; 2 mixed
breeds

Accuracy of dogs was significantly higher than bird vocalization surveys.
Ratio of dog surveys:vocalization surveys for northern spotted owl was
87:59%, and for Barred owl was 20.1:7.3%

Selection: high play drive. Authors also refer to published CDD
literature
Reward: play
Training: authors refer to published CDD literature

Waters et al.
(44)

Nest searches:
bumble bee

1 CDD; <1 year experience;
Spaniel

Accuracy of dog to detect known bumble bee nests was 100%
In uncontrolled tests dog found 33 nests

Selection: drug detection dog organization
Reward: no mention
Training: drug detection dog organization. Authors also refer
to published CDD and scent detection literature

Wultsch et al.
(45)

Scat detection: 5
native felines

1 CDD; <1 year experience

Dogs detected 1053 scats. 49% of these were identified to the species
level

Selection: professional CDD organization
Reward: no information
Training: professional CDD organization
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A further 40% of studies reported adapting tools used for the selection and training of narcotics, explosives, SAR, cadaver, police,
and forensics detection dogs. Of these, only one study reported
on the specific assessment tools which were adapted (36). Noted
in the review was that very few studies provided detailed information on the methods used to test or score specific characteristics,
or how selection of traits may vary with respect to the external
search environment or search target being selected for.
The lack of a standardized and publicly available assessment
tool for CDDs, along with a widespread failure in available literature to report on specific selection processes, is a significant
omission, particularly given that several studies show that CDD
performance may be impacted by many factors. For example,
environmental terrain/vegetation density (16), specific search
target (42), and whether the target is terrestrial, arboreal, or
marine (32, 39), all impact CDD effectiveness. Experience of
the CDD team (40), handler characteristics (46), and the individuality of the dog selected (1, 20) are also important factors
in CDD success.
When analyzing the specific characteristics commonly selected
for in CDDs, it appeared that a strong play/food drive was the
most common trait selected for. Appropriate temperament for
the field of conservation detection was also cited often, and traits
relating to problem solving, intelligence, and trainability were
reportedly selected for in many studies. This suggests a considerable focus on psychological factors above biological or social
factors and is important, because these traits are typically very
poorly defined and difficult to measure. Biological characteristics
of the dog, including agility, physical stability, and body type,
were included as selection considerations in only a few studies in
our review. This is not to say that biological traits are unimportant to selection considerations, however, as most studies which
provided information on dog breed included at least one working
or sporting dog, or a mixed breed. Thus, breed characteristics are
likely to be important, even if this is not overtly stated. Only a few
studies in the review considered the importance of sociability or
dog-handler cooperation.
While existing literature rarely included sufficient information
about selection, and about the reliability and validity of selection
instruments, from our reading of the literature, we identified a
number of biological, psychological, and social traits as being
important. These are reviewed below. Biological traits included:
morphology, including characteristics associated with the original working function of the dog’s breed, and olfactory, visual, and
auditory acuity. Psychological traits included: personality; suitable levels of nerve strength; and drives, such as food, play, pack,
and prey/hunt drives. Finally, social characteristics included:
the possible importance of correctly pairing dog-handler teams
based on the experience and psychological traits of both the dog
and the handler.

be required for dogs to become successful CDDs. The perceived
importance of morphological capabilities is not surprising since
these dogs often work in challenging environmental landscapes
(14, 16). Dogs working in SAR, cadaver, and disaster contexts
may face similar challenges, which may explain why selection
tools used in these contexts are frequently adapted for use with
CDDs (36, 39, 44). The Brownell–Marsolais scale, for example,
assesses morphological features (e.g., breed, size, health) and
motor capabilities (e.g., agility, athleticism, and stamina) of
candidate dogs.

Morphology

Available studies show a strong trend toward using working and
sporting dog breeds for conservation work, breeds with morphological characteristics which allow them to maintain performance
in the face of challenging search environments, long working
hours, and unfavorable weather conditions (16). Many of the dog
breeds selected for CDD work are medium to large sized dogs (13,
20). These may be most suitable as CDDs, as dogs which are too
large or small may struggle during extreme weather conditions
(47). While Pugs, for example, appear capable of performing
scent detection tasks to a similar standard to German Shepherd
Dogs (48), they are not able to maintain body heat in extreme
cold. It is also generally thought that smaller dogs with short, flat
snouts have limited olfactory capabilities compared with their
larger counterparts (49). At the other extreme, Great Danes may
also be unsuited to this line of work, as their large size may make
it difficult for them to cool down when working in strenuous
environmental conditions or hot weather.
Several studies have suggested that the breed of dog (e.g.,
working or sporting dogs) (4), or even the genetic line of the dog,
such as whether the dog comes from a working dog line or a show
dog line, may be of particular importance (49). Dogs bred specifically for a working purpose have typically been selected for robust
morphologies and, thus, may be more capable of withstanding
the challenging field conditions associated with conservation
detection work. Furthermore, medium sized dogs may be more
capable of maneuvering in difficult environments, and may
maintain stamina for longer search durations. This is not to say
that small dogs do not have potentially important roles to play in
conservation, particularly in environmental contexts with limited
space. However, these should likely be selected from among
working dog breeds, with careful consideration of their physical
robustness. It may also be important to consider coat length and
type. Dogs working in challenging terrains may require short
coats or coats sufficient to provide thermal protection (50).

Olfactory System

Olfaction is clearly a key sensory system for all scent detection
dogs, regardless of context. Gazit and Terkel (47) demonstrated
the importance of olfaction in a controlled environment when
they showed that explosives dogs did not vary their search
methods or detection success regardless of whether or not light
conditions made the target visually obvious.
Selective breeding of dogs for scent work has resulted in
some breeds of dog possessing several morphological features
which facilitate their already exceptional olfactory capabilities.

BIOLOGICAL CHARACTERISTICS LIKELY
TO AFFECT CONSERVATION DETECTION
DOG SUCCESS
Several biological characteristics, grouped loosely into morphological characteristics and sensory capabilities, appear likely to
Frontiers in Veterinary Science | www.frontiersin.org
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These include large ears and dewlaps to catch scent particles,
and wide, elongated noses with a large nasal cavity to house the
olfactory epithelium and increase the number of odor receptor
cells (ORCs), all of which aid in scent detection capabilities. Dog
breeds differ in the number of ORCs they possess. Bloodhounds
possess the largest number of ORCs of any dog breed, with 300
million. However, Bloodhounds are not commonly used in conservation detection work (4). Working and sporting dogs, such
as Shepherds, Retrievers, Collies, and Setters, are more common
(4) despite having fewer ORCs (e.g., Shepherds have around 225
million ORCs).
An individual’s olfactory sensitivity alone, then, is evidently
not the only relevant characteristic for this type of work. While
one might presume that a number of ORCs above some theoretical threshold level is required, many other traits also determine
success. In this respect, it is instructive to consider the type of
scent being detected. In scent detection work there are three
search types that a dog can perform: air-scenting, in which the
nose of the dog is held in the air “sniffing” to catch scent on
the wind; tracking, where the nose is held close to the ground,
following the scent and direction of the target; and, trailing,
in which dogs use a combination of air-scenting and tracking
techniques (51, 52).
Air-scenting is the most common search technique used in
conservation detection, and may be what enables CDDs to cope
with the often challenging nature and long working hours of the
search environment. Early work by Steen et al. (53) suggested that
game hunting dogs are capable of maintaining strong olfactory
capabilities while working in challenging environments, under
strenuous physiological conditions. This ability appears to be due
to the Bernoulli effect, which occurs when the dog runs at a high
speed with its nose held up, “sniffing” into the air. Craven et al.
(54) later determined that canine olfactory acuity should be most
effective during sniffing. During sniffing each nostril acquires
spatially separate odor samples (known as “bilateral scent
intake”). Fluid dynamics within the nose increase aerodynamic
flow of the odor sample, creating an active aerodynamic sampling
system which is specialized for odor detection and discrimination
(54, 55). Due to this discrimination function, it is likely that dogs
which perform air-scenting are able to detect airborne scents in
large area searches where there is no scent trail to follow.
There is extensive literature on the topics of tracking and
trailing dogs (56), and the capabilities of scent detection dogs
in game hunting, SAR, and several other high intensity search
environments (52). However, there is very little information on
how dogs maintain strong scenting abilities in varying environmental conditions, and practically no literature detailing the
possible impacts of choosing a natural air-scenting dog breed
(e.g., Spaniels) for conservation work (57). Currently available
assessment tools used for scent detection dogs do not appear
to account for the dogs’ natural preference toward one type of
scenting work.

the nature of the search environment and specific target of interest. Polgár et al. (58) have since shown that, while pet dogs are
capable of using olfactory cues alone to make correct decisions
in a basic choice task, they will often prioritize the use of other
search strategies. CDDs should demonstrate a baseline level of
visual acuity to aid them in searching complex environments (6).
Greater visual acuity may also aid in detection of live wildlife
(2). This is particularly likely in situations where environmental
conditions, such as wind strength, are unfavorable, allowing the
dog to locate movement in the distance, before honing in on the
target’s exact location using olfactory cues. However, for detection of stationary targets, such as scats and plants, it has been
suggested that dogs do not rely heavily on visual acuity to assist
in detection. Goodwin et al. (15) found that, in detection of the
Spotted knapweed plant (Centeurea maculosa), human surveyors
were more successful in locating large targets than small targets,
whereas dogs were similarly successful in locating small and large
targets. Brook et al. (29) also showed that, while dogs were effective at locating the area in which Javan rhinoceros (Rhinoceros
sondaicus) dung was located, human surveyors were much faster
than dogs at visually locating dung. It was suggested that, even
when rhinoceros dung was visible, dogs still relied predominantly
on olfaction to locate the target.
We could find no information regarding the importance of
auditory acuity in conservation detection. However, Brownell
and Marsolais (21) suggest that, for dogs working in SAR/disaster
detection, auditory acuity should be relatively strong. This likely
reflects the search environment which, similar to conservation
detection environments, requires strong dog-handler communication (22, 46) to facilitate efficient searching in ever-changing
environmental conditions (13). Several tools developed for other
fields of scent detection, such as the United States Department of
Agriculture (USDA) National Detector Dog scale (59), provide
scoring systems to measure a dog’s physical health, including a
section to measure sensory systems. However, we could find no
studies examining whether scent dog performance in any context
varied with auditory acuity. Perhaps, as with olfactory ability, it is
presumed that any dog with visual and auditory acuity above some
theoretical baseline measure will be able to perform satisfactorily.
Individual differences in sensory traits are not evaluated, much
less reported upon, in available literature.

Summary of Important Biological
Characteristics

From this brief review, we conclude that there are several
biological traits which should be considered when selecting
dogs for conservation detection. These include morphological characteristics, often associated with the original working
function of the dogs’ breed and olfactory, visual, and auditory
capabilities. Because these biological traits are equally important
across several scent detection disciplines, established tools for
the assessment of scent detection dogs in other contexts should
provide sufficient information regarding the types of biological
traits to be measured and how this is best accomplished. This is
indeed the case for the USDA National Detector Dog scale (59),
which measures physical soundness. More specialized tests which
account for the specific nature of the search environment and

Visual and Auditory Systems

Hurt and Smith (22) suggest that the specific auditory and visual
acuity required of scent detection dogs may vary between the
differing scent detection fields, and even within fields, based on
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target scent should also be considered. SAR detection contexts
are perhaps the most similar fields in terms of environmental
search habitat; however, the desired biological traits may differ
between these fields and environmental contexts due to differences in scenting types required based on the types of targets
being detected.

psychological dimensions fit within seven broad temperament
categories: reactivity/excitability–stability; fearfulness–courage/
confidence; aggression–agreeableness; sociability/friendliness–
lack of interest in others; responsiveness to training; dominance–
submission; activity level.
Prior to the detailed conceptualization of behavioral traits
provided by Jones and Gosling (63); Svartberg (61) determined
that a boldness–shyness index could act as an umbrella variable
under which several psychological traits predictive of success in
working dogs could fit. They included sociability toward strangers, playfulness, interest to chase, exploration, and fearlessness
as evidence of boldness. The scientific literature suggests that
boldness may be a particularly important trait in successful
completion of working tasks. This is because individuals with low
boldness scores are more fearful, anxious, and easily distracted
(61). Thus, they take longer and often require different training
methods to become successful in working tasks, or may never be
successful despite intensive training.

PSYCHOLOGICAL CHARACTERISTICS
LIKELY TO AFFECT CONSERVATION
DETECTION DOG SUCCESS
While physical traits reflecting biological characteristics are
undoubtedly important in determining the ability of a dog
to work as a CDD, taken alone they are insufficient to ensure
success. Temperament, personality, and behavior also play
a critical role in determining CDD success or failure (2, 4).
According to Ley and Bennett (60), temperament is a generalized behavioral style, present from birth and typically reflecting a genetic predisposition, while personality is functionally
indistinguishable from temperament, but is the result of both
the dog’s genetics and experiences over time, which together
shape the dog’s characteristic style of responding to situational
events. Behavior, meanwhile, is how a dog responds at any given
moment to a situation (60). While behavior normally reflects
underlying personality traits, it is also partially determined by
situational factors.
Individual psychological differences between dogs are
thought to influence performance in working tasks, even in
dogs with similar biological traits (4, 61). Several reports in
the scientific literature suggest the importance of considering
specific psychological traits in potential CDDs (1, 4). The
strongest evidence for this comes from studies where individual differences are pronounced, even when physiological
and environmental factors are controlled for. O’Connor et al.
(20) showed marked variability between two dogs trained to
detect bumble bee nests in controlled scent line ups (68%:
100%). Another study by Kerley and Salkina (19) showed individual differences between five experienced CDDs, asked to
detect and differentiate between the scat of Amur Tigers. While
four of these dogs progressively became more proficient with
repeated trials (87–98% accuracy over time), it was unclear why
the fifth dog did not show similar improvements. It is possible
that psychological factors, such as personality characteristics,
nerve strength, and motivational drives, may have had some
impact on these outcomes.

Nerve Strength

Many tools which are commonly used for assessment of scent
detection dogs assess something called “nerve strength.” This is
perhaps associated with boldness in that it describes the behavioral response of a dog to an unfamiliar stimulus (e.g., tactile,
auditory, or visual stimulus) at a point in time. The Brownell–
Marsolais (21) scale, for example, which is used for SAR and
disaster detection dogs, measures an individuals’ behavioral
responses to unfamiliar stimuli. Behaviors exhibited by the dog,
such as fearfulness, curiosity, or anxiety, provide an indication of
the dog’s nerve strength, indicating to researchers the suitability
of the dog for particular fields of scent detection.
Of particular relevance to conservation detection is tactile
nerve strength, which measures a dog’s response to unfamiliar
surfaces and spaces. Auditory nerve strength, meanwhile,
measures the dog’s reactivity to unexpected/unfamiliar noises.
Behaviors exhibited during nerve strength assessments may be
suggestive of a dog’s ability to work efficiently in unfamiliar search
areas (also referred to as environmental stability). Rolland et al.
(39) demonstrated the importance of tactile nerve strength for
dogs working on boats to detect floating feces of marine mammals. Hurt and Smith (22) also suggest the importance of good
tactile nerve strength due to the complex, highly variable nature
of the search environment typical of conservation detection.
They note, however, that nerve strength may be less important
to dogs working in a conservation context than it would be to
military/police dogs, due to the nature of the work and search
environment (22).
Tests which measure nerve strength in potential CDDs may
be adapted from those used to assess SAR, disaster, and cadaver
dogs due to similarities in the search environments. However, the
environments CDDs may work in are particularly diverse and, as
yet, no standardized assessment exists to measure visual, auditory, or tactile nerve strength in potential CDDs. Development
of a standardized tool to assess these psychological characteristics
may be particularly important to conservation detection, as it
may aid in assessing behaviors appropriate to each specific field
of conservation detection.

Personality Characteristics

One of the main difficulties faced by behavioral researchers, and
indeed one of the difficulties we faced in reviewing the scientific
literature on conservation detection, is that many different words
may be used to describe very similar behavioral traits. This makes
it difficult to pinpoint exactly which traits are of key importance
to CDD success. To address this problem, several researchers
have proposed using discrete categories to encompass a broad
spectrum of temperament, personality, and behavioral traits
(61–63). For example, Jones and Gosling (63) proposed that most
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Motivational Drives

The importance of food/play drive is thought applicable across
all fields of scent detection, as it facilitates scent detection training and sustained motivation during searching. Other drives,
however, including prey, hunt, and search drives, have also been
related to sustained search motivation during scent detection
tasks in various contexts (2). The applicability of these drives in
the specific context of conservation work remains less certain.
Cablk and Heaton (31) mention that dogs with high prey drive
may be unsuited to live wildlife detection, due to the potential for
harm to be caused to the target species. Dogs working in natural
ecosystems may cause harm to the wildlife they are employed to
detect, and may be too easily distracted by non-target scents. Hurt
and Smith (22) similarly suggest that strong prey/hunt drives
may be detrimental to conservation detection, although they
also asserted that strong search drives should aid in sustained
attention to the working task. This could present a problem to
end users wishing to utilize existing assessment tools to identify
potential CDDs, as desired levels of prey, hunt, and search drives
are not well defined or addressed in existing tools. It is also not
known whether good training can overcome any potential for
high prey drive to be detrimental.
Another psychological characteristic of interest in this context
is sociability or pack drive, the ability of a dog to cooperate with a
handler, and to work in the presence of unfamiliar dogs or humans
without exhibiting anxiety, fearfulness, or aggression. The importance of a moderate to high sociability/pack drive in fields such as
biosecurity or narcotics detection is well established and reflects
the human-oriented nature of the search environment, which
requires that dogs exhibit specific, predictable behaviors around
unfamiliar people. In contrast, the specific search environment
of conservation detection is less focused on the dog’s response to
unfamiliar people, but may necessitate a moderate to high level
of sociability/pack drive to facilitate cooperation with a human
handler. The Brownell–Marsolais scales assess directability in
potential dogs, which is likely to be applicable to CDDs. This is
difficult to conclude with any certainty, however, as the perceived
importance of sociability appears to vary between organizations
and with respect to the specific search environment and target.

Several authors have also stressed the importance of object
obsession and strong drives, such as food and play drives, as
contributors to the potential success of CDDs (14, 36). This
is evidenced by the fact that, of the studies in Table 1 which
provided information on CDD selection, 80% stated food or
play drives as selection criteria. These psychological factors are
likely to be of great importance, but it is exceedingly difficult to
operationalize what drives are and how they can be elicited in
dogs in a way that can be reliably measured. In this review, we
use the definitions for drives which were established by Brownell
and Marsolais (21), who divided drives into six categories: pack/
social; play; food; prey; hunt; and defense.
Brownell and Marsolais (21) proposed that drive-testing
should be a critical part of the assessment process when selecting
a dog for disaster/SAR scent work, as drives are thought to be
strongly associated with sustained search intensity and trainability. The similar working requirements of SAR dogs and CDDs,
including the requirement for sustained working motivation
over several hours in challenging environments, suggests that
the Brownell–Marsolais drive test may be applicable to selection
of dogs for conservation scent detection. However, the unique
ecosystems in which CDDs are sometimes required to work may
mean that the existing test needs to be modified for use in this
context.
Clear benefits of selecting dogs which demonstrate excessive
food/play drives for scent detection roles have consistently been
reported in the scientific literature. Work on the selection and
training of narcotics dogs by Maejima et al. (64), for example,
and selection of cadaver detection dogs by Dorriety (65) has
confirmed that object obsession is associated with decreased
distractibility and increased trainability, which should, in turn,
be associated with scent detection dog success (64, 65). One
reason why strong object/food obsession may be so important
is that scent detection dog training requires the trainer to
associate the target scent with an object of intrinsic pleasure for
the dog, such as a ball or a food reward (66, 67). The more the
dog desires the ball or food, the more successful the training
process is, since this desire increases the dog’s focus, decreases
distractibility, and increases motivation to work for sustained
periods of time (68).
Several studies documenting success in field studies by
CDDs have stated that dogs were initially chosen on the basis
of strong play or chase drives (14, 36). To the best of our
knowledge, however, no studies have provided quantitative,
laboratory-based evidence demonstrating the importance of
specific drives for CDD success (22). Future research which
documents learning times, success rates, and efficacy of current training methods for dogs which vary in these drives
would be beneficial. This is especially relevant in the case of
community run CDD programs, where there may be fewer
options to reject dogs based on low drive, due to a dependence
on volunteers. More research is needed to examine the extent
to which drives are both necessary and sufficient for success.
If found to be necessary, then strategies for identifying and
quantifying specific drives at an early age require development.
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Summary of Psychological Characteristics

In summary, our review of the scientific literature suggests that
many psychological traits are likely to impact on CDD success.
Strong motivation and obsessive food/play drives are considered important in a large proportion of the scientific literature,
although there is little evidence for whether one drive might
be better than another in specific contexts. This may well vary
according to the specific nature of conservation detection work
being performed, but there is no way of assessing this based on
existing tools. Dahlgren et al. (4) have suggested the importance
of considering a dog breed’s original working function, as this may
make specific psychological characteristics more pronounced.
For example, a Setter may be more skilled at detecting a live bird
than a Shepherd, but may also have a higher hunt/chase drive (4).
Individual variability within dog breeds is pronounced, however,
and we would caution against selecting dogs purely on the basis
of their breed heritage.
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SOCIAL CHARACTERISTICS LIKELY TO
AFFECT CONSERVATION DETECTION
DOG SUCCESS
Dogs and humans have shared a close social relationship for
thousands of years (69). This has resulted in the ability of humans
and dogs to successfully interact in modern societies, governed by
shared rules (70). Most studies involving CDDs have focused on
the ability of dogs to find specific targets, and there is little doubt
that more attention should be paid to other factors affecting their
success. These include the dog-handler team and, specifically,
the contested importance of the relationship between dog and
handler in contributing to CDD success (22, 46, 71). In this section, we briefly review features of dogs’ social intelligence, and
discuss the likely contribution of dog sociability to the potential
success of CDDs.

Furtado et al. (71) described a study which demonstrated an
inexperienced handler effect during Jaguar (Panthera onca) scat
detection. In this study, two experienced dog-handler teams had
an 81% accuracy rate when collecting Jaguar and Puma scats,
while an inexperienced dog-handler team collected 50% nontarget species. This can be problematic, as misidentification of
scats in the field may mean that inexperienced handlers reward
incorrect dog behavior. On this basis, further research is needed
into the effects of handler experience or handler characteristics
on CDD outcomes. Inexperienced handlers may be less capable
of directing dog searches in accordance with environmental conditions, and may be more likely to reward dogs too early or on the
wrong scent, inadvertently reducing detection accuracy and success (71). Furthermore, dogs which do not demonstrate a strong
sociability/pack drive may require a more confident/experienced
handler to ensure cooperation between the dog-handler team.

Social Intelligence

Summary of Social Characteristics

It appears that little is known regarding how social characteristics
of dogs can impact on search success. Yet, this is a critical issue,
since the nature of conservation work requires close cooperation
between dog and handler. As a species, dogs are highly competent
in understanding humans, but individual and breed-based differences are likely to impact performance. These have not yet been
investigated or documented. Handler characteristics, particularly
their level of expertise, are also likely to be of critical importance, as
is the nature of the relationship between an individual dog and his
or her handler. The framework established by the BPS model may
act as a tool to help us better understand how interactions between
a dog’s social environment and its psychological and biological
traits may act together to influence performance, but conclusions
regarding this are not yet supported by available literature.

Over recent years, dog cognition research has increased, with
several studies focusing specifically on dog-handler relationships
and inter-species cooperation (72). Miklósi et al. (73) demonstrated a strong social intelligence in dogs by showing that dogs
were able to interpret human hand gestures and subtle changes
in body positioning to find hidden food in a manner similar to
young children. Gácsi et al. (74) suggested that the success of dogs
in recognizing subtle human communicative gestures is the result
of selection for attention to, and cooperation with, humans.
We could find no studies specifically investigating how variability in canine social intelligence may affect the success of scent
detection dogs, although it is instructive that experienced CDDs
appear capable of working successfully with unfamiliar handlers
to a sufficient operational standard. Brook et al. (29) successfully
located Javan rhinoceros (R. sondaicus) dung using two professional CDDs, after just 3 weeks of handler training and dog
acclimation to the new handler and new working environment.
Another study, by Dematteo et al. (18), demonstrated the efficacy
of professionally trained CDDs to work with an unfamiliar handler. These dogs successfully located the presence of bush dogs
(Speothos venaticus) after only 2 weeks of handler training.

CONCLUSION AND RECOMMENDATIONS
Many of the characteristics required in potential CDD candidates are similar to those assessed by instruments developed for
selection of dogs in other contexts, such as narcotics, explosives,
cadaver, forensics, and SAR detection dogs. This is to be expected
since conservation detection shares many commonalities with
these other fields of scent detection. However, many of the traits
are psychological and social rather than physical, and this makes
it difficult for them to be accurately assessed, particularly by
novices. While several articles we reviewed reported adapting
selection tools from other fields of scent detection, most gave
little or no information regarding which tools were used, how
they were adapted, or the specific selection criteria used to assess
CDD candidates.
A lack of available information regarding the selection process
is likely to make it extremely difficult for conservation groups to
identify suitable dogs, upon which scarce resources can then be
expended for training and deployment purposes. This, we believe,
represents a substantial barrier to the wider use of CDDs. While
any group of volunteers can acquire and utilize other resources
for tracking endangered animals or detecting invasive plants,
only those with access to already trained dogs, or to somebody
who already possesses the skills required to select and train dogs,

Handler Characteristics

While a growing body of literature shows that some CDDs can
work with multiple or unfamiliar handlers (18, 29), we could find
no studies in which the same dog’s performance was compared
when the dog was handled by a familiar versus unfamiliar, but
equally experienced, handler. Hence, it is unclear whether these
dogs would be more successful in their respective fields when
paired with a familiar handler with experience in reading both
the dog and the environment. It is also unclear whether a certain
level of dog handling expertise is required before undertaking
the training necessary to specifically handle CDDs, although
the Scientific Working Group on Dog and Orthogonal detector
Guidelines (SWGDOG) provide detailed recommendations concerning initial selection and training of scent dog handlers (75).
It is possible that handler experience may be particularly
important for CDDs, due to the complex nature of working in
unpredictable and constantly changing search environments.
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are likely to be able to benefit from the impressive skills appropriately selected and trained dogs demonstrate. We therefore urge
those working in this field to be generous in providing access to
information regarding selection of dogs, and also rigorous in
documenting and empirically justifying their selection processes.
We also urge those considering acquiring their first “potential”
CDD to consult with experts first about the biological, psychological, and social characteristics most likely to predict success.
Adapting existing tools which assess characteristics thought to
be applicable across all fields of conservation detection (e.g.,
traits such as robust morphology, play/food drive, directability,
and social cooperation) is likely to be the first step in developing a standardized assessment for CDDs. Unique requirements
of the role, however, mean that careful adaptation is likely to be
required.
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