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Introduction

Efficiency Operational
Experience

Variables:

Conservation, or ecology, detection dogs (CDD) are a
type of working scent detection dog that specifically
supports conservation projects (MacKay et al., 2008;
Helton, 2009; Woollett, Hurt and Richards, 2013) and
work alongside a human handler to form CDD handler
teams (CDDHT) (Richards et al., 2021). CDD are
highly complementary to existing conservation
monitoring techniques (Browne, Stafford and
Fordham, 2006; MacKay et al., 2008; Kerley, 2010;
Grimm-Seyfarth and Klenke, 2018; Richards, 2018;
Stanhope and Sloan, 2019). However, as demonstrated
in (McKeague, Finlay and Rooney, 2024), research
involving CDD is often rife with methodological
shortcomings and in particular, many studies do not
provide an appropriate level of information about their
use of CDD. As such, assessments of efficacy (i.e., “the
power to produce an effect” (Merriam-Webster.com
Dictionary, 2023) can vary hugely (MacKay et al.,
2008).

Other
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Without a clear and agreed upon method of utilising
CDD and describing what was done in a study, results
of a CDD study will not be suitably replicable and
therefore, untrustworthy. It is vital that the results a
CDDHT deliver are as reliable as possible and this all
comes down to how a CDDHT operates; their
methodology.

Aim

This white paper aims to provide an overview of the key variables that can affect
CDD efficacy, and therefore what variables are vital for researchers and CDD
professionals to include and cover in any publications that describe the training,
testing, or operational use of CDDs. Each variable will be defined and justified, and
a summary of the important questions to be answered by those conducting CDD work
will be given (see Appendix I). Furthermore, the types of caveats and limitations that
should be included in the discussion of a paper if a variable or aspects of a variable
are unable to be addressed by a study will be described. Acknowledging a study’s
limitations demonstrates critical thought and an understanding of how you and
future researchers may be able to learn and improve upon the study design going
forward for greater reliability, validity, and robustness of the results.



Efficiency Indication

Efficacy describes the ability for the
CDD to produce the desired effect
of their training, usually locating a

specific target. 

Indication, also called alerting, is
the distinctive change in behaviour
from CDD that is trained to occur
when they have found a target to

signal as such to their handler
(Johnen, Heuwieser and Fischer-

Tenhagen, 2017). 
In order to quantify efficacy, the primary measures used
in CDD research are sensitivity, precision, and
specificity. Bennett, Hauser and Moore (2020, p.5)
defined sensitivity as the “proportion of targets found
relative to the total number of targets available”, and
precision as the “proportion of all alerts that are
directed towards a true target”. Specificity is defined as
the “proportion of non-targets correctly ignored” by
Lazarowski et al. (2020, p.3). Other measures can and
have been used, such as providing the total number of
samples found, counting grid cells where finds were
made, or the number of finds made per hour. However,
for clearer findings with greater levels of comparability
between studies, the three aforementioned measures are
recommended (Bennett, Hauser and Moore, 2020;
Lazarowski et al., 2020). As such, in order to judge the
outcomes of a study, these questions should be answered
regarding efficacy:

Has some measure of sensitivity, precision,
and/or specificity been measured as part of this
study? If not, why not?

Has there been any other measures used to show
that the dog is demonstrating the desired effect
of their training?

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
How the ability to accurately quantify the efficacy of
the dog(s) and the CDDHT was affected if alternative
or no measures were used.

An indication can be passive, meaning no physical or
auditory interaction with the target, or active, meaning
there can be interaction with the target. It is
recommended that CDDHT use passive indication
where possible for the purposes of safety, for both the
CDDHT and the natural environment, and to conserve
the integrity of any samples found (MacKay et al.,
2008; Mosconi et al., 2017; DeMatteo, Davenport and
Wilson, 2019; Matthew, Verster and Weldon, 2021).

 A clear and obvious indication is essential for
measuring efficacy and deciding whether a find has been
made. It is the primary tool for assessing true positives
(i.e., indication made when target present), false
positives (i.e., indication made when target is not
present), true negatives (i.e., indication is not made
when target absent), and false negatives (i.e., indication
is not made when target present); the key components to
sensitivity, precision, and specificity.
 



Training Samples

Training samples are the materials
used to train the dog onto the

desired target odour. The form these
samples take can be limitless, with
examples such as animal carcasses,
animal body parts, hair or feathers,
urine or scat, and swabs that were in
contact with the target species just

to name a few. 

 In order to judge how CDD reacted to their target and
how this could affect efficacy measurements, these
questions should be answered regarding indication:

What form of indication is the dog using (e.g.,
sit, lie down, point, etc.), and approximately
what distance has the dog been trained to
indicate from the target?

 
Why was the chosen form of indication and
distance from the target considered appropriate
for the target species? 

Consider and provide clear information whose
indication performance is being assessed; the
dog, the team’s, or both.

For example, are you measuring whether the dog
indicates or not? Or are you measuring the circumstance
where the handler recognises a change in behaviour and
makes a call on where the target is, and then whether
they are right or wrong? This can be study dependent
(e.g., training/testing VS field).

If any of the above information cannot be provided, the
below caveats should be elaborated on in the study’s
discussion:
The ability for the handler to accurately and reliably
declare a find or positive indication from the dog
based on the type of indication.
The safety of a search and integrity of finds if an
active indication is used.

Without training samples, imprinting (i.e., the
familiarisation of the dog(s) with the target odour
(Mosconi et al., 2017)) cannot occur. In order to judge
the level of training that a CDD receives, these
questions should be answered regarding training
samples:

What are the training samples/what are the
training samples composed of?
Where and how were training samples sourced?
How many individual training samples were used
across the training stage?
How often were training samples reused during
training?
How were training samples stored before, during
and after training sessions?
How were training samples handled before,
during and after training sessions?

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
A lack of clarity surrounding what odour exactly the
dog has been imprinted onto and trained to find based
on the training samples and how they were used.



Testing Samples

Testing samples are the materials
used to test the dog’s training and
their efficacy to find their target

odour. This occurs prior to when a
CDDHT conduct the actual work

for their particular project and is an
opportunity to examine the dog’s
ability to find their target odour
under conditions more similar to
real field work and versus other

odours (i.e., discrimination)
(Gadbois and Reeve, 2016; Boroski

and Oliver, 2018).

Blinding

Blinding refers to who is present and
knows where the target is during

training and testing. This is vital for
acquiring reliable efficacy results

(Elliker et al., 2014). 

Just like in training, samples must be used for the CDD
to find during testing. In order to judge the level of
testing that a CDD undergoes, these questions should be
answered regarding testing samples:

What were the testing samples composed of and
were they different to those used in training? If
not, why not?

Were discrimination trials conducted and if so,
why were the selected samples/materials chosen,
how similar were they to the target odour, and
did any randomisation of sample use during trials
occur?

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:

Whether effective and fair testing has taken place
based on the testing samples and any relation they
may have to training samples used.

The two most common forms of blinding are single and
double, and these refer to how many parties respectively
are blinded to information (Monaghan et al., 2021).
For the purposes of this paper, single blinding is defined
as when the dog was not present when a sample was
placed in the training/testing environment, but the
handler was and therefore knows where the sample is.
This is often the case when a CDD handler is also their
dog’s trainer. Single blinding should ensure that the
dog is using olfaction rather than memory to find the
target. However, dogs are excellent at reading human
behaviour (Lazarowski et al., 2019) and as such, bias
can still occur during single blinding. Double blinding
is defined by this paper as when neither the dog nor the
handler were present when a sample was placed in the
training/testing environment, which means the risk of
bias is greatly reduced. As such, double blinding is
always preferable where possible (Johnen, Heuwieser
and Fischer-Tenhagen, 2017; Boroski and Oliver, 2018;
Stanhope and Sloan, 2019; Lazarowski et al., 2020).
Ideally, triple blinding whereby no one who is present
at the search site knows where the placed sample is the
best way to recreate operational conditions (Lazarowski
et al., 2020).



 However, it is acknowledged that this can be difficult
to achieve, especially under field conditions. Also, it is
key that you are clear about how you are defining
blinding for your specific study. In order to judge
potential bias in the performance of a CDDHT, these
questions should be answered regarding blinding:

How was blinding implemented in this study and
what forms were used? 

During the training and testing stages for the
dog, was any form of blinding used, in particular,
double blinding during the last stages of training
and for testing? If not, why not?

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
The replicability of the dog’s performance under
double blinding testing conditions if these were not
previously undertaken.

Odour Level

Odour level is the concentration or
intensity level of the target odour
based on the physical attributes of
the target and/or how it presents in

the environment.

If trained only on very high concentrations, smaller
samples and those releasing less odour may be missed by
the CDD, as seen in Goodwin, Engel and Weaver
(2010) during searches for spotted knapweed. Both of
these possibilities can skew efficacy measurements. In
order to judge the capabilities of the CDD relative to
their target odour, these questions should be answered
regarding odour level:

Has the dog been trained to find a variety of
odour levels? If so, do they represent what the
dog will be looking for in the field?

E.g. Dogs used to find bats around turbines should be
trained to find bat body parts as well as full carcasses
as that is what they will be finding in the field.

E.g. Dogs searching for great-crested newts should be
trained to find low odour levels as these animals can
be buried, as well as training to find singular
specimens versus groups as they may shelter together.

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
Whether any discrepancies in results (e.g., false
positives, false negatives) that occurred could be
linked to the concentration of odour they were
trained/tested on.

For the purposes of CDD research, describing the odour
level that the dog is trained or tested on can be in parts
per million or by giving an accurate physical
description of samples used like size and surface area.
Depending on the concentration of samples used during
training/testing, different outcomes and errors may
occur during a search. If trained only on very low
concentrations, a CDD could indicate on residual scent
meaning no visual confirmation of the find can be made
by the handler, as seen in Duggan et al. (2011) during
searches for Franklin’s ground squirrel.



Other Target Odours

CDD may be imprinted onto more
than one target odour across

different projects, but this could
have an impact on their performance

depending on the relationship
between species and environments.

Dog Selection

Dog selection refers to what dogs
are chosen to work on a specific

project and why.

Having a CDD imprinted onto other target odours is
not inherently an issue, but it is important information
to include in a study. For example, if the new target
odour belongs to a species that commonly lives in the
same environment as a previous target odour, then the
dog may perform a false positive (i.e., performing an
indication on an incorrect target) for the study in
question, but this is not actually a false positive in
relation to the dog’s previous training. Examples of this
include Hollerbach et al. (2018) during searches for
Eurasian lynx, and Kretser et al. (2016) while searching
for moose. If this occurs, it can affect the outcomes of
efficacy measuring, as well as potentially lead to wasted
time and energy for the CDDHT by finding numerous
non-target odours in a particular search. In order to
make accurate judgements on the quality of a study and
the performance of the CDDHT, these questions should
be answered regarding other target odours:

Have the CDD used in this study been previously
trained on other target odours? If so, which
odours and could these species be in the study
environment?

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
Whether any false positives or true negatives that
occurred could be linked to any previous
training/imprinting received on a different target
odour.

CDD are each individual biological creatures which will
each differ in many ways. Indeed, individual differences
in dogs have been found to affect scent detection efficacy
(Jamieson, Baxter and Murray, 2017), and these play a
bigger role in suitability than inherent factors like
breed (Grimm‐Seyfarth, Harms and Berger, 2021).
Essential elements for CDD are considered to be a high
play and/or food drive, a high hunt drive, and a low
prey drive (Helton, 2009; Beebe, Howell and Bennett,
2016; Jamieson, Baxter and Murray, 2017; DeMatteo,
Davenport and Wilson, 2019), though it should be
noted that these assessments will almost always be
subjective in nature (Beebe, Howell and Bennett, 2016).
In order to judge how decisions were made regarding
dog suitability for the project, these questions should be
answered regarding dog selection:

Regarding the dog(s) selected for this study, how
was this done and why the selected dog(s)?



Please provide information about the breeds,
personality traits, diets, ages and overall health
of the dog(s) selected.

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
How characteristics of the dog(s) may have interacted
with other study elements (e.g., environment, handler
behaviour, etc.), thus altering efficacy.

Operational experience refers to the
amount or level of experience either
the CDD, the handler, or the trainer

has in practical real life working
conditions

Operational Experience

For CDD, this can refer to the amount of time spent
conducting real searches under operational conditions
(i.e., outside of training/testing), the number of
operational projects they have worked on, or the length
of time since they have been considered to be at an
operational standard. This can be accounted similarly
for the handler, whereas for the trainer this would refer
more to the amount of time spent conducting real world
training sessions, the number of dogs they have trained
to an operational standard, or the length of time they
have been a qualified dog trainer. How the people
around the dog(s), most importantly the handler,
behave and even think (Lit, Schweitzer and Oberbauer,
2011; Jamieson, Baxter and Murray, 2018b;
Lazarowski et al., 2019, 2020) can impact the
behaviour of the dog(s) (MacKay et al., 2008; Hayes et
al., 2018; Jamieson, Baxter and Murray, 2018a). In
order to judge the standard of training, performance,
and handling that a CDDHT displays, these questions
should be answered regarding operational experience:

·What experience do those training the dog (e.g.,
dog training, species expert, etc.) and the dog
team have? 
·Has the trainer(s) previously worked in
conservation or a field similar to the specific
project requirements?
·How long has this CDDHT been operational?
Has this handler worked with this dog
previously? Has the dog had previous successful
finds on other species?
·Is the CDDHT used to working in the specific
study environment? Depending on study
requirements, have they been trained to do the
length or style of searches asked of them?

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
Whether behavioural factors from the dog(s) or
handler or training outcomes can be explained by
examining previous operational experience.

Environment

The environment in which a
CDDHT conducts their search,
including weather conditions,

topography, geographical features,
and more, all of which plays a

significant role in efficacy (Wasser
et al., 2004; Bennett, 2015; Beebe,

Howell and Bennett, 2016;
Lazarowski et al., 2020;

Kokocińska-Kusiak et al., 2021). 

Indeed, CDD can and have searched across a wide range
of climates and landscapes across the world (McKeague
et al., 2024) so it is of no surprise that the environment
cannot be separated from the search itself. 



In order to judge how environmental variables may
have affected efficacy, these questions should be
answered regarding the search environment:

Please provide a record of the temperature,
humidity, wind speed, vegetation density, and
precipitation before and during any searches
(N.B. data could be collected on site or using
local meteorological data for the appropriate
time frame, please note what method was used).

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
The limited replicability of the study without knowing
what conditions the work took place under.

Search

Operational experience refers to the
amount or level of experience either
the CDD, the handler, or the trainer

has in practical real life working
conditions

It should also be noted that the importance of the
environment is not just the surroundings themselves,
but also how the handler deals with them. For example,
environmental conditions may impact the management
of fatigue (Osterkamp, 2020) and the handler’s ability
to keep on-transect during a search (MacKay et al.,
2008). 

Similarly to the search environment, the search method
is also integral to a study’s outcomes. Key elements to
the search method can include, but are not limited to,
the use of transects versus free search, the use of a leash,
search distance, and search time. The general
recommendation is to perform off-lead searches where
possible (MacKay et al., 2008; Bennett, 2015;
Domínguez del Valle, Cervantes Peralta and Jaquero
Arjona, 2020), with search times of approximately 30
minutes (Centre for the Protection of National
Infrastructure, 2018), and a search distance of less than
15 metres (Goodwin, Engel and Weaver, 2010; de
Oliveira et al., 2012; Glen and Veltman, 2018; Glen et
al., 2018).  However, each of these elements have
stipulations, benefits, and deficits, and there will always
be variations in how each individual CDDHT may
operate and choose their techniques. This means that in
order to judge how differing search methods may have
affected efficacy, these questions should be answered
regarding the search methods:

Overall, how was the search conducted? 

Was the search conducted on-lead or off-lead or
both, and why?

What was the operational search distance (i.e.,
maximum distance that the dog(s) searched from
the handler or transect lines), and why?

What was the average operational search time
(i.e., length of time of an individual search before
finishing or taking a break), and why?

If any of the above information cannot be provided, the
below caveat should be elaborated on in the study’s
discussion:
Whether search methods used were acknowledged as
part of training or not, which could impact the
behaviour of the dog(s).



Conclusion
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In conclusion, there is no doubt that CDD research is multifaceted and there are many elements and sub-
elements to be considered across every stage of the study design. However, these variables and their
considerations are important for good reason, as each can have innumerable effects on a CDDHT’s
efficacy. Indeed, there are very likely additional variables that are relevant and useful to mention in a
methodology, these are simply the critical ones highlighted by (McKeague, Finlay and Rooney, 2024).
The steps taken to provide these guidelines have been made with the goal of enhancing the
standardisation of CDD research and making the field more accessible to newcomers and those with less
research experience. It is hoped that this summary of relevant methodological variables, along with the
supplementary materials, will assist researchers and professionals across the field in their own study
design and implementation by providing a basis from which to start from. 
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