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ABSTRACT: In 1995, Costa Rica had one of the first citizen science proj-
ects on roadkills, which identified the most frequent species and their 
rates by road length, and currently it has one of the largest iNaturalist 
projects on the same subject. Here I assess what information can be 
extracted from this type of project and how results compare with those 
from professionals. I analyzed over 900 records from Fauna Silvestre 
en Carreteras de Costa Rica, from October 2013 through August 2017. 
There was no sexual difference in participation or productivity, but per 
capita output was 12 times higher than in the Brazilian CBEE project. 
Some species suffered higher mortality during reproduction, while the 
anteater T. mexicana suffered more in the dry season, when food was 
scarce. Roadkills matched seasonal changes in traffic routes and the 
geographic distribution of records in relation to urban areas reflected 
the ecology of each species. At least for this case, citizen science can 
provide reliable data about species frequency in roadkills, and data 
were detailed enough to identify seasonal and geographic differenc-
es at the species level for the mammals and reptiles that made up the 
majority of records.
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RESUMEN: ¿Qué podemos aprender de un proyecto de ciencia 
ciudadana sobre la mortalidad de vida silvestre por vehículos? 
Una comparación de registros de científicos y aficionados sobre 
muertes en carreteras tropicales. En 1995, Costa Rica tuvo uno de los 
primeros proyectos de ciencia ciudadana sobre muerte en carreteras, 
que identificaba las especies más frecuentes y sus tasas por longitud 
de camino, y actualmente tiene uno de los proyectos de iNaturalist más 
grande sobre el mismo tema. Aquí evalúo qué información se puede 
extraer de este tipo de proyectos y cómo se comparan los resultados 
con los de los profesionales. Analicé más de 900 registros de Fauna 
Silvestre en Carreteras de Costa Rica, de octubre de 2013 a agosto de 
2017. No hubo diferencia sexual en participación o productividad, pero 
el producto per cápita fue 12 veces mayor que en el proyecto brasile-
ño CBEE. Algunas especies sufrieron una mayor mortalidad durante la 
época de reproducción, mientras que el oso hormiguero T. mexicana 
sufrió más en la estación seca, cuando la comida era escasa. La muerte 
en carreteras coincidió con los cambios estacionales en las rutas de trá-
fico y la distribución geográfica de los registros en relación con las áreas 
urbanas refleja la ecología de cada especie. Al menos para este caso, 
la ciencia ciudadana puede proporcionar datos confiables sobre la fre-
cuencia de las especies atropelladas en carretera, y los datos fueron lo 
suficientemente detallados para identificar las diferencias estacionales 
y geográficas a nivel de especie para los mamíferos y reptiles que cons-
tituían la mayoría de los registros.

Palabras clave: mortalidad en carretera, atropellos en carretera, iNatu-
ralist, ciencia ciudadana.

Citizen science has experimented a boom in the last 
ten years, and millions of volunteers donate billions of 
dollars in work hours (Theobald et al., 2015). One field in 
which citizen science is very active is recording wildlife 
deaths in roads, and a study in Canada found that the 
data provided by volunteers are reliable enough to cor-
rectly identify road sections that need mitigation mea-
sures (Paul et al., 2014; Chandler et al., 2017), but there 
are no equivalent comparisons from tropical ecosystems.
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The practical uses and effects on conservation of am-
ateur data vary greatly, but it has been estimated that 
two thirds of citizen science projects lack verifiable, stan-
dardized and freely accessible data; perhaps even worse, 
most of them are never used for peer-reviewed research 
(Theobald et al., 2015). The waste of such data is particu-
larly regrettable in tropical countries, where biodiversity 
is more endangered and resources for its study and con-
servation are scarcer (Vincent et al., 2014).
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Costa Rica, one of the leaders in tropical biodiversi-
ty conservation, had one of the first citizen data proj-
ects about roadkills, which two decades ago estimated 
death rates by distance (Monge-Nájera, 1996). It also 
found that dogs and cats were the main victims by total 
counts, and that the most frequent wildlife victims were 
Didelphis  marsupialis and Tamandua  mexicana (Monge-
Nájera, 1996). After a 15-year hiatus, Costa Rican roadkill 
research revived in a variety of studies about which spe-
cies were more affected, mortality rates and remediation 
options (e.g. Rojas, 2011; Araya-Gamboa & Salom-Pérez, 
2013; Arévalo et al., 2017).

Recently, Gutiérrez (2017) analyzed the first year and 
a half of the online public project Fauna Silvestre en 
Carreteras de Costa Rica, one of the largest in iNaturalist. 
He found that most volunteers failed to produce reports, 
and that sometimes photographs lacked indication of 
scale and basic taxonomic characters. Like Theobald et 
al. (2015), he lamented that data from many projects 
were not used for scientific research (Gutiérrez, 2017).

Here I analyze data from that project when it has been 
online for over three years; compare its current status 
with the findings of Gutiérrez (2017), and assess what in-
formation can be extracted from this type of project and 
how results compare with those from professionals.

METHODS

I analyzed over 900 records published by Rodolfo 
Artavia’s Fauna Silvestre en Carreteras de Costa Rica, a 
citizen science project established in 2013 to record 
animals killed by vehicles in Costa Rican roads and 
highways (https://www.inaturalist.org/projects/fauna- 
silvestre-en-carreteras-de-costa-rica). Data cover the 
period 31 October 2013 to 30 August 2017. I imported 
the dataset to Excel; and applied statistical tests with free 
online software from vassarstats.net and calculator.net. 
Additionally, maps were produced with ArcGIS.

Ethics: Public, citizen science data are analyzed for sci-
entific, non-commercial purposes, giving proper citation 
of source, according to the Creative Commons License of 
the site iNaturalist from which they were taken (https://
www.inaturalist.org/pages/network; and https://www.
inaturalist.org/pages/how+can+i+use+it). The author 
declares no conflict of interest.

RESULTS

There was no difference in the number of records 
and species published by female and male collaborators 
(Mann-Whitney U Tests, p=0,37 for records and p=0,37 for 
species). For the whole period studied, each collabora-
tor submitted a mean of 23 records (Standard Deviation 
58,8; range 1-320, N=41) and identified a mean of five 
species (Standard Deviation 7,7; range 0-38, N=41).

The database reports that the species with most to-
tal records are Tamandua mexicana (73 observations), 
Didelphis marsupialis (66 observations), Procyon lotor 
(42 observations) and Rhinella marina (39 observations). 
The highest monthly averages correspond to Didelphis 
marsupialis, Tamandua mexicana and Rhinella marina 
(Digital Fig. 1).

Dry and wet season data cannot be compared “raw” 
because there are less dry months and wet months in 
Costa Rica. If the total number of records is divided by 
the number of rainy and dry months, three species have 
slightly higher ratios in the rainy season: Nasua narica (1,7 
records per rainy months versus 1 record per dry month), 
Didelphis marsupialis (2,90 versus 2,58) and Procyon lotor 
(2,14 versus 1,57). Tamandua mexicana shows the oppo-
site trend (2,21 versus 2,45); and Rhinella marina had a 
much higher mean number of records in the rainy season 
(14 versus 1,67).

The overall records also differ geographically between 
seasons. During the rainy season there is a higher num-
ber of records along the Pacific coastal road, while in the 
dry season, when the highland Talamanca road is safer 
for drivers, there is an increase in the number of deaths 
recorded along that road (Digital Fig. 2). In the northeast 
region of Guanacaste, there seems to be a concentra-
tion of records near water courses during the dry season 
(Digital Fig. 2).

Individual analyses for species with most records

The opposum, Didelphis marsupialis, was recorded 
more often as victim of road accidents near urbanized ar-
eas, particularly near rivers during the dry season in the 
Guanacaste area (Digital Fig. 3). 

The other common species were recorded more often 
away from urban areas, with no clear seasonal differenc-
es (Digital Fig. 4, 5, 6, 7). 
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Records of the frog, Rhinella marina, however, show 
particular patterns; they concentrate at the interface be-
tween agricultural land and forest, and are rare in high-
lands and in the dry season (Digital Fig. 6 and 8).

DISCUSSION

To my knowledge, no previous studies compared 
the participation and output of volunteers according to 
gender, so this study can become the basis for future re-
search on the topic. An indirect mention can be made to 
Lewandowski et al. (2017), who reported that men can 
feel more confident, but less inclined, to produce citizen 
science data. My results, though, indicate no sexual dif-
ference in participation or productivity.

The ratio of 23 records per volunteer in my results is 
three times higher than when the project was “younger”, 
and 12 times higher than the output of the larger but 
similar Brazilian CBEE project (Gutiérrez, 2017).

The same four vertebrates (T. mexicana, D. marsupia-
lis, P. lotor and R. marina) have been reported as abun-
dant in scientific studies of Costa Rican roadkill victims 
(Artavia et al., 2015), i.e. this result may be interpreted 
as favorable to the idea that citizen science can provide 
reliable data, at least for the question of which species 
occur commonly in roadkills. Additionally, these results 
resemble those from the only other citizen science study 
available (Monge-Nájera, 1996). However, comparisons 
must be careful because most studies only refer to lim-
ited parts of the country, which have their own fauna 
(Artavia et al., 2015; Gutiérrez, 2017).

The slightly higher mortality that appears to take 
place in the rainy season may reflect increased displace-
ments for reproduction (Valenzuela & Ceballos, 2000; 
Artavia et al., 2015). The anteater T. mexicana also dies 
in higher numbers during the dry season in Colombian 
roads (Nadjar & De la Ossa, 2013). A potential reason is 
that ants are scarcer in dry habitats (Janzen & Schoener, 
1968), and maybe more anteaters die in the dry season 
because they need to travel more to find enough food. 
However, the seasonal behavior of T. mexicana is quite 
poorly known and only further study can answer this 
question reliably.

The finding that roadkills match a seasonal change in 
traffic routes is expected because, as a rule, where there 
are more vehicles there are more roadkills (Eloff & Van 
Niekerk, 2008). Like other rules, though, this one has 
exceptions and it is best to analyze species individually 
(Monge-Nájera, 2018).

The specific geographic distribution of records also 
matches the known ecology of animals, i.e. those asso-
ciated with human dwellings, like D. marsupialis, are fre-
quently killed near urbanized areas, and vice versa (e.g. 
Tamandua mexicana).

In conclusion, in this project output was very good, 
women were as productive as men, “top species” results 
matched work done by scientists and were detailed 
enough to identify seasonal and geographic differences 
at the species level for the mammals and reptiles that 
made up the majority of records.
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