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Introduction
Dogs are undoubtedly one of the most popular domestic 

animals in the world. Although most dogs are considered 
domiciliary and restricted animals, there are some of them 
that freely access the streets (they are known as free-roaming 
dogs). In the case of free-roaming dog population, there are 
some estimation techniques (or methods) that can be used to 
estimate the population abundance (i.e., there are indirect 
methods, surveys based on counts, lines, transects or points, 
radio telemetry and plenty of other different forms of capture-
and-recapture methods) [1]. The capture-recapture method 
has been used for estimating wild animal populations and 
has been adapted for free-roaming dogs [1-4]. This method 
provides estimates of dog population sizes that can be important 
for the planning and development of appropriate control 
strategies, and to aid surveillance services [1-7]. Additionally, 
all descriptive data regarding the free-roaming dog population 
may generate information on dog control issues. This collected 
information can be utilized to inform dog control strategies at 
the local authority and to complement existing responsible dog 
ownership education programs [8]. Therefore, obtaining precise 
data of free-roaming dog population is interesting for preventive  

 
approach of veterinary public health. In this paper, it is discussed 
some limitations observed on photographic capture-recapture 
method when applied to estimate free-roaming dog population 
size. In addition, some directions and ideas to minimize such 
difficulties are pointed. All methods based on capture-recapture 
require a marking technique in order to identify each individual 
animal. Marking by photo-identification is an alternative that 
avoids physical contact between the researchers and the animals 
of unknown origin [2,3,7,9]. In addition, photo-identification 
avoids some of the problems traditionally associated with 
applying physical tags. For instance, natural marks cannot be 
shed, removed or fouled, and, depending on field practices, can 
also minimize the risk of confounding stress or behavioral issues 
[10].

The photo-identification process should consider that there 
is not misidentification of the animals [10]. However, some 
works have considered the possibility of misidentification [11-
14]. Moreover, one of the major criticisms of photo-identification 
studies is their perceived subjectivity, particularly in the initial 
identification and in the subsequent photo-matching [10]. 
The misidentification of photographs has been studied in the 
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case of captive and wildlife populations. As illustration, some 
works have reported the use of digital technology to match 
photographs [15-18], the use of a biomolecular gold standard to 
compare with the photographic basis [19], and the description 
of methods of correction that can be used for making population 
estimations [14]. As alternative examples, the questions 
related to misidentification have also been studied by Dala 
Corte et al. [11] for Rineloricaria aequalicuspis Reis & Cardoso 
(Siluriformes: Loricariidae), where the authors demonstrated 
the potential use of the photo-identification technique for this 
species. Marshall and Pierce [10] performed a review on using 
photo-identification for sharks and rays and mentioned that it 
is necessary to establish whether the focal species possesses 
sufficiently distinctive patterns or scars and, if so, where these 
identifiable marks occur. In other words, a standardized area or 
areas should be chosen for matching individuals between the 
two collection events.

On the one hand, captive and wildlife animals usually 
present a standard phenotype that allows the search for natural 
marks. For example, sharks and rays can be distinguished by 
physical characteristics of their fins [10]. On the other hand, 
few studies about the dog photo-identification have been 
available. A study conducted by Shimozako & Couto Junior [3] 
developed a research in which had estimated the probabilities 
of photo-identification considering domestic dogs; proposed 
a correction method to compensate for the misidentification 
of photographed dogs; and demonstrated the feasibility and 
practicality of this calibration method in a real case study that 
estimates the free-roaming dog population. Although this work 
has been an interesting initiative in a novel question concerning 
dog population studies, a set of criticism arose about it. Firstly, a 
dog population study is commonly performed in an urban area 
and may require cooperation among researchers, institutions 
and public policy authorities. However, it is very usual to observe 
limitations related to material and human resources or conflict 
of schedule. In addition, the study area may not properly fit to 
method assumptions or research conditions. Several reasons 
may explain a possibility of rejection of such area, as lack of 
safety or geographical unavailability. Although those conditions 
can become the performing of the research unfavorable, 
sometimes such situations are the best one obtained. As result, 
a combination of factors related to availability of resources and 
general characteristics of the study area may interfere in the 
feasibility of the research, as well in the quality of the results.

Once defined the study area and the logistic of collecting 
data (the pictures of dogs), the challenge is to apply the 
photographic capture-recapture method. Considering a wildlife 
or captive animal studies, it is well know that the presence of 
the researcher can potentially interfere on the behavior of the 
individuals [10,20]. In the case of free-roaming dog population, 
it is usual to find people that support those dogs with food, water 
and shelter [2,3,5,6,9]. Therefore, different from a wildlife or 
captive population, the dog population receives support from 

natural and human interferences. Such human interference can 
also offer protection to those animals. As consequence, because 
of the necessity to search for free-roaming dog (by walking or 
car, for example), the inhabitants may bring the dogs inside their 
houses during the research period (possibly, they believe the 
researchers can represent the dog remotion service). This fact 
was observed by Shimozako & Couto Junior [3] in their research. 
Other point to be considered is the support team during the 
search for dog’s pictures. Often, the members of such team has 
a specific time to work in the project and it is not able for them 
to cooperate more than this time. This is a serious problem, 
in particular considering a data collecting or sampling. The 
limitation of work time may influence both in the studied area 
to be covered and in the quality of data (or pictures). Again, 
the work developed by Shimozako & Couto Junior [3] had been 
supported by their research institution and the members of 
this support team had a specific time to aid them on the data 
collecting. In addition, since the round-trip from the institution 
to the study area spent a total of 4 hours, this time had to be 
discounted to the available work time.

Finally, we mention again the question about the 
misidentification. After briefly explain about the limitations 
and intrinsic challenge considering photographic capture-
recapture method to estimate free-roaming dog population, 
we can discuss about the possibility of optimize the photo-
identification for dogs. Since there are researches to improve 
the accuracy of photo-identification of some wildlife and captive 
populations [10-19], what about dog population? At the best of 
our knowledge, Shimozako & Couto Junior [3] is the only study 
that evaluated dog photo-identification. This study not only 
described some results due to the limitations and challenges 
of the application of photographic capture-recapture in urban 
areas, but also indicated how difficult is to find a phenotypical 
pattern to identify a dog. The dog has some particularities that 
make the optimization of photo-identification as a big challenge. 
This species presents several breeds, with different sizes and 
kind of fur. Even though it seems that this variability points to 
certainty of distinguishable dogs, how many dogs are necessary 
to estimate a probability of identification? How should we 
quantify a phenotype? How should we take the pictures? Here, 
“probability” should be calculated as the “correctly identified/
total of possibilities”. But, other question arises here: how many 
attempts is it necessary? Note that it is necessary to estimate 
a dog sample size to obtain the pictures. Now, it is questioned 
how many attempts (observations) should be done in order to 
estimate how probable to identify a dog using its pictures is.

An interesting point need to be highlighted here. It 
is necessary to find an “equilibrium point” between the 
scientifically suitable and methodologically feasible. Shimozako 
& Couto Junior [3] had accessed to Zoonosis Control Centre 
(ZCC) of São Paulo City and they were able to obtain pictures 
of captive dogs from adoption department. However, few dogs 
were weekly available to serve as “models”. Since the research 
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project had a limited time and the amount of dogs was low, the 
amount of model-dogs were also limited. In a statistical point 
of view, the problem of sample size calculation has dozens of 
formulas. Often, there are several ways to solve a given problem. 
According to Shimozako & Couto Junior [3], it had not been 
adopted a previous calculation about how many dogs would be 
necessary for evaluating photo-identification, because there was 
no information (at the beginning of the experiment) about how 
many free-roaming dogs existed in the investigated region [21]. 
In those cases, a sequential observational procedure is commonly 
used to estimate the quantity of available elements. It is common 
to divide experiments like this in two or more strata: the first 
stratum can produce some previous results to the second one 
[22]. In this case, the amount of photos of the first strata has been 
used in the second strata, where we considered a mathematical 
combination of photos, forming pairs. Combinations of elements 
are a quite good method for optimization, i.e., for finding the 
most interesting solution to consider all possibilities of formed 
pairs [23].

Parametric procedures (based on normality) are often usable 
to calculate sample sizes, but in some cases, non-parametric 
methods are necessary. Non-parametric methods, based on 
the frequency of appearance of each investigated element, 
are simpler and prevent super-estimations. In general, it is 
preferable to avoid a super-estimated result in terms of sample 
size estimation [24]. Enumeration does not end with arithmetic: 
there is quite a bit more to it [25]. The problem to be solved does 
not belong to ‘routine’ proceedings. We should develop an ability 
to decompose the problem into such combinatorial and statistical 
problems [25]. Working with a finite population almost always 
consists of a pre-existent problem: it is not possible to know how 
to estimate the size of this population, and we must call upon to 
a secure mathematical technique to absorb the necessity of the 
needed calculation. 

Conclusion
In the context of photographic capture-recapture, improving 

the accuracy of photo-identification is crucial for acquisition 
of better results. Although misidentification has been studied 
in wildlife and captive animals, few about it has been studied 
considering dog population. The misidentification is directly 
influenced by phenotypical characteristics of the dog, and it is 
indirectly dependent of human factors and research resources 
availability. However, the design of a proper evaluation study 
of dog photo-identification is an important challenge, due to 
the indeterminacy of sampling method for the amount dogs to 
be considered as phenotypical models and for the number of 
visits to perform the data collecting (that is, the search for free-
roaming dogs). According to our expertise, to perform a study 
of photographic capture-recapture method is hard not only due 
to the methodological execution, but also because of external 
interferences on the study development. The dog population 
receives the interference from natural factors, but also from 
human community. This extra interference on dog population 

may also cause bias in the free-roaming dog population 
estimation.

Combinatorial methods used with some non-parametric 
techniques can produce good results in terms of sample size 
and population size calculations. Useful and traditional formulas 
for estimating the size of a population work better with 
frequency-based formulas of non-parametric methods for its 
determination. The combinatorial mathematical method used in 
the work performed by Shimozako & Couto Junior [3] was one 
of the most simpler and regular methods for a good estimation.
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