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			ABSTRACT: The collection of scientific data by people without a science degree is at least as old as Antonie van Leeuwenhoek, but thanks to smartphones it now involves large numbers of volunteers, leading to studies about who the so called “citizen scientists” are, how they behave, and how to improve their work. There are, however, no worldwide studies about citizen science projects reporting fauna killed in road collisions. Here we analyze data from the 31 projects available in September 2017 in iNaturalist.org, the largest website for this subject. The USA and Europe have the most projects, but after correcting for population size, countries like Costa Rica and Canada are outstanding, possibly thanks to widespread Internet access and high educational levels. Projects had a mean of 431 observations, 48 species, of 32 volunteers who, on average, posted 19 observations each. Most volunteers contributed few records and were active only briefly. The roadkill data shows that, in the tropics, seasonal mortality trends match the movement of animals in search of water for drinking and for reproduction, while in temperate sites project differences depended mostly on which particular species is studied. We recommend future consideration of how the behavior of volunteers and projects changes along time, a subject that has seldom been considered in previous studies.
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			Citizen science, defined as scientific work done by people without a scientific degree, is as old as modern science itself. Perhaps the most famous case was chamberlain Antonie van Leeuwenhoek, who made detailed microscopic observations for the Royal Society from 1673 to 1723 (Gest, 2004). More recently, some citizen science projects have been active for over half a century (Gommerman & Monroe, 2012; McKinley et al., 2017).

			Citizen science projects are considered useful when large scale data are needed, and in the case of biology, common applications include phenology, climate change, pollution, species distribution, population fluctuations and ecosystem productivity (Dickinson et al., 2012; Chandler et al., 2017).

			In an epoch full of challenges that range from rapid climate change to reduced political support for science (Fleur, 2017), citizen science is a means of obtaining reliable large data sets at very low costs, particularly because “citizen scientists” normally work for free and use cheap technology like smartphones (Chandler et al., 2017). However, despite laudatory opinions matching citizen observers with professional scientists (e.g. McKinley et al., 2017), citizen science data can be insufficient, biased or plainly wrong (Dickinson, et al., 2010; Gardiner, 2012).

			The problems arising from the Internet-led explosion of citizen science in the last decade have led to several attempts of answering questions about who and where citizen scientists are, how they behave, and how to improve the quality of their data.

			In this article, we study 31 citizen science projects about fauna killed in road collisions, to obtain a first view of where they are based; their average productivity in observations and species; and how data posts change seasonally and as the project ages.

			MATERIALS AND METHODS

			Our goal was to study the population of citizen science projects in iNaturalist.org, one of the largest citizen science sites in the world. We collected our data in August and November 2017 using the terms roadkill, road-kill and road kill, we found a total of 31 projects. Searching in other languages, with words like atropelamento and atropello, did not produce additional projects. We identified important information from the database such as country, creation date, number of observations, observations per month and per year, number of observers, most common species, observations per person, and species per person.

			To prevent false patterns produced by small sample sizes, we only assessed temporal patterns for sites that had been active for at least a year and had at least 50 observations per month. For climatic trends, we excluded sites that mixed data from several climatic patterns. Additionally, for sites with at least 20 observations (N=20) we applied a statistical test to see if projects in which the top five contributors produced a higher proportion of observations (i.e. less participative projects) had less records in total. All the data for this study are freely available for download as Digital Appendix 1. 

			RESULTS

			Most citizen science projects are located in the USA, followed by Mexico, Canada and Costa Rica (Digital Appendix 1). 

			The great majority are in temperate places, while only three are in tropical places (Fig. 1). The seven empty projects (i.e. projects that were started but never added data) are in USA, México and Uruguay.

			Average productivity: The mean values per project were: total observations 431,09 (range: 2-953); species 48,32 (1-92); and members 32,35 (1-41). Each person posted a mean of 18,64 observations (range: 1,4-97,4).

			Projects can be divided into four types according to the mean number of observations per person. Project Vashon-Maury Roadkill is in a class by itself, with a mean of 97,4 observations per person. A second class, with 20-40 observations per person, has projects from Latin America, Italy and China. The third class, 10-19 observations per person, has projects from Canada, Mexico and Spain. The fourth class, with less than 10 observations per person, corresponds to the rest of projects, from the USA and Israel (Fig. 2).

			The mean number of species recorded per person is 3,51 (0,6-12). Excluding the Bobcat and Skunk projects, which are limited to single species, project means range from 0,6 species per person for the temperate site Vashon-Maury, in the USA, to 12 species per person for the tropical DOR Yucatán project in Mexico (Fig. 3). 

			Curiously, the Vashon-Maury project, which has the highest average of observations per person, has the lowest number of species per person (Digital Appendix 1). 

			Recruitment of volunteers over time: Recruitment over time had three basic patterns: a rapid increase at the beginning, with lower recruitment as the site got older (Eastern Spotted Skunk and Alava, Spain, projects); a peak near the middle of the projects life (Identificación de Pasos de Fauna Ruta 4, Costa Rica); and no discernible trend over time (the rest of projects; Digital Appendix 2).

			Effect of new recruits on observation output:  Seven projects increased observations when new members were recruited: Eastern Spotted Skunk (USA), Delta (Italy), Golan (Israel), Mammals of Michigan (USA), Vulture Culture (USA and Canada), Fauna Costa Rica and Roadkill (USA). However, for most projects, records and recruitment had different patterns, indicating that new recruits were not immediately adding new data (Digital Appendix 2). 

			“Democratization Index”:  Projects where top contributors produced a higher proportion of the data had a small tendency to have less data, which may mean that highly productive individuals have a higher impact on small projects (Spearman Rank Correlation, Rs -042; N=20, one tailed p=0.030; two tailed p=0.060; Digital Appendix 2). 

			Observations versus project lifespan: There were four general trends in observations versus time that the project is operational. The number of monthly observations fell with time in the Vason-Maury project. Three projects had more records in recent times: Delta (Italy), Registros (Mexico) and Fauna (Costa Rica). Fauna Silvestre Atropellada (Costa Rica) and Hong Kong Herpetological (China) were slow the first years but had a large increase in records in their fourth year. An after the first two years, Adventure Scientists Wildlife had a peak in the middle of every year (Digital Appendix 2).

			Holidays and seasonality: There were no clear holiday peaks in any of the projects (Digital Appendix 2).

			In projects from countries with a tropical pattern of dry and rainy seasons, there were more observations near the end of the dry season (Golan, Fauna Costa Rica, and Identificación de Pasos de Fauna Ruta 4 Costa Rica) and there could be a second peak in the middle of the rainy season (Digital Appendix 2). 

			There were four general patterns in sites with four seasons: those dominated by a spring peak (Vulture Culture, Adventure Scientists Wildlife, DOR Yucatán, Vashon-Maury and Watch for Wildlife); those dominated by a summer peak (Delta, Italy; Mortalidad Nayarit, Mexico; Registros Mexicanos; and Roadkill, USA); one with a small spring peak followed by a clear autumn peak (Fauna Silvestre Atropellada, Mexico); and one with peaks at the ends of winter, spring and autumn (Alava, Spain) (Digital Appendix 2).

			DISCUSSION

			This study considers most of the citizen science roadkill projects currently available to the public worldwide, because, with the exception of wildlifecrossing.net, most projects identified by searches in scistarter.com, scientificamerican.com and blog.nature.org are no longer online or available in any way.

			Like Cunha et al. (2017), who found that the USA and Europe produced the largest number of formally published citizen science data, we found a western dominance in the number of citizen science projects about our particular subject, roadkills. However, when Cunha et al. (2017) apply the same explanation of resources and culture of private involvement to explain the low numbers for Central America and South America, they are not taking into account that South America has ten times the population of Central America: these two regions should not be expected to have the same output. For this reason, we corrected for population size, and found that proportionally, Mexico, Canada and Costa Rica have a relatively good output. At least in the case of Costa Rica, a tiny Central American country, this result can reflect a combination of widespread access to Internet and high educational level and environmental awareness, an explanation that also applies to Canada and, to a lesser extent, Mexico (Psacharopoulos & Patrinos, 2004).

			The geographic location of projects that never entered data shows that this problem can be found in both rich temperate countries and poor tropical countries, and whatever the reason, there is a clear need for more projects in the tropics because they concentrate biodiversity but have less resources to protect it (Reed, Van Vianen, Deakin, Barlow & Sunderland, 2016).

			The mean number of 32 volunteers per project that we found matches previous studies, which found that most projects have under 50 people (Aceves-Bueno et al., 2017).

			We could not find any studies about the number of observations and species per volunteer or per project, so we cannot compare our results. However, our data are a baseline for future researchers and indicate that, for roadkill citizen science projects, the numbers of observations and species are not large, and this applies to rich and poor countries alike. To increase numbers, projects must invest in dedicated staff that motivate and guide volunteers towards clear goals (Ballard et al., 2017, Newman et al., 2017).

			The projects that start with many records, but soon decline, probably reflect the initial enthusiasm that leads many volunteers to sign up for projects but fails when they see the amount of work required (Rotman et al. 2012). The peak near the middle of the project’s life may be the result of a slow but steady growth in the number of people who learn about the project through social networks, because social engagement mechanisms are basic to the success of projects but need time to gain momentum (Price and Dorcas 2011).

			The most common finding in our sample, though, is no discernible trend over time, which suggests that administrators fail to achieve a desirable growth for their projects. Successful projects address time consumed by participation, barriers to democratic decision-making and feelings that data will not be used and thus are not worth collecting (Bäckstrand 2003, Sharpe and Conrad 2006; Cunha et al., 2017).

			The frequent lack of a clear increase in observations when new members were recruited shows that, as found by previous studies, most volunteers contribute few records and are active for only a few days (Bonney et al., 2009; Eveleigh et al., 2014).

			When road traffic increases during holidays, there may be an increase in roadkill mortality (Eloff & Van Niekerk, 2008), but we did not find that increase in the data published by these projects. Maybe, identifying those trends requires a finer look at data (i.e. not only the holiday itself, but a few days before and after the holiday), a better analysis (not all holidays imply more traffic); or maybe the trend simply is not real: for example, Conard & Gipson (2006) did not find higher mortality with traffic increase.

			The larger number of observations near the end of the dry season, and in the middle of the rainy season, probably reflects the movement of animals in search of water for drinking (Carvalho & Mira (2011) and for reproduction, a problem that particularly affects amphibians (Arévalo et al, 2017).

			For temperate climates, project differences probably depend on the species under study, because higher roadkill counts have been found in spring for armadillos and opossums (Smith-Patten & Patten, 2008); in summer and fall for birds (da Rosa & Bager, 2012); and in fall for a variety of wildlife species in Kansas (Conard & Gipson, 2006). All of these animals have their own natural history and thus differ in when they are more vulnerable to death in roads.

			Our conclusions are limited to our population (i.e. citizen science projects about roadkills in iNaturalist.org until the year 2017) and it remains to be seen if other projects have the same overall patterns. Additionally, in some cases, like the number of species reported per volunteer or patterns along the lifespan of projects, there seem to be no previous studies, so we hope this article will inspire others to analyze such topics in other projects.
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			RESUMEN: Ciencia ciudadana y muerte en carreteras: tendencias a lo largo de la vida de los proyectos y comparación de proyectos tropicales y templados. La recolección de datos científicos por personas sin un título científico es al menos tan antigua como Antonie van Leeuwenhoek, pero ahora gracias a los teléfonos inteligentes involucra a un gran número de voluntarios, lo que lleva a estudios sobre quiénes son los llamados “científicos ciudadanos”, cómo se comportan y cómo mejorar su trabajo. Sin embargo, no hay estudios mundiales sobre proyectos de ciencia ciudadana que informen sobre la fauna muerta en colisiones viales. Aquí analizamos los datos de los 31 proyectos disponibles en septiembre 2017 en iNaturalist.org, uno de los sitios de ciencia ciudadana más grande del mundo. Encontramos que Estados Unidos y Europa dominan en número, pero después de corregir el tamaño de la población, países como Costa Rica y Canadá tienen un número significativo de proyectos, posiblemente gracias al acceso generalizado a Internet y los altos niveles educativos. Los proyectos tuvieron una media de 431 observaciones, 48 especies, y 32 voluntarios que publicaron 19 observaciones cada uno en promedio. La mayoría de los voluntarios contribuyeron con pocos registros y estuvieron activos brevemente. En los trópicos, la mortalidad estacional parece reflejar el movimiento de los animales en busca de agua para beber o reproducirse, mientras que en los sitios templados las diferencias entre proyectos dependen de la especie. Para estudios futuros, recomendamos analizar cómo cambian los voluntarios y los proyectos con el tiempo, un tema que rara vez se ha tenido en cuenta en estudios previos.

			Palabras clave: mortalidad en carreteras; ecología de carreteras; comunidad; voluntarios; bases de datos en línea.

		

		
			Fig. 1. Projects per country around the world. 
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					Fig. 2. Observation per person per project.
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					Fig. 3. Species per person per project.
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ABSTRACT: The collection of scientific data by people without a sci-
ence degree is at least as old as Antonie van Leeuwenhoek, but thanks
to smartphones it now involves large numbers of volunteers, leading
to studies about who the so called “citizen scientists” are, how they be-
have, and how to improve their work. There are, however, no world-
wide studies about citizen science projects reporting fauna killed in
road collisions. Here we analyze data from the 31 projects available in
September 2017 in iNaturalistorg, the largest website for this subject.
The USA and Europe have the most projects, but after correcting for
population size, countries like Costa Rica and Canada are outstanding,
possibly thanks to widespread Internet access and high educational
levels. Projects had a mean of 431 observations, 48 species, of 32 volun-
teers who, on average, posted 19 observations each. Most volunteers
contributed few records and were active only briefly. The roadkill data
shows that, in the tropics, seasonal mortality trends match the move-
ment of animals in search of water for drinking and for reproduction,
while in temperate sites project differences depended mostly on which
particular species is studied. We recommend future consideration of
how the behavior of volunteers and projects changes along time, a
subject that has seldom been considered in previous studies.

Key words: road mortality; road ecology; community; volunteers; on-
line database.

RESUMEN: Ciencia ciudadana y muerte en carreteras: tendencias
alo largo de la vida de los proyectos y comparacién de proyectos
tropicales y templados. La recoleccién de datos cientificos por perso-
nas sin un titulo cientifico es al menos tan antigua como Antonie van
Leeuwenhoek, pero ahora gracias alos teléfonos inteligentes involucra
2 un gran nimero de voluntarios, lo que lleva a estudios sobre quiénes
son los llamados “cientificos ciudadanos’, cémo se comportan y cémo
mejorar su trabajo. Sin embargo, no hay estudios mundiales sobre pro-
yectos de ciencia ciudadana que informen sobre la fauna muerta en
colisiones viales. Aqui analizamos los datos de los 31 proyectos disponi-
bles en septiembre 2017 en iNaturalistorg, uno de los sitios de ciencia
ciudadana més grande del mundo. Encontramos que Estados Unidos
y Europa dominan en ntimero, pero después de corregir el tamafio de
la poblacién, paises como Costa Ricay Canadd tienen un niimero sig-
nificativo de proyectos, posiblemente gracias al acceso generalizado a
Internet y los altos niveles educativos. Los proyectos tuvieron una me-
dia de 431 observaciones, 48 especies, y 32 voluntarios que publicaron
19 observaciones cada uno en promedio. La mayoria de los voluntarios
contribuyeron con pocos registros y estuvieron activos brevemente. En
los trépicos, la mortalidad estacional parece reflejar el movimiento de
los animales en busca de agua para beber o reproducirse, mientras que
en los sitios templados las diferencias entre proyectos dependen de la
especie. Para estudios futuros, recomendamos analizar cémo cambian
los voluntarios y los proyectos con el tiempo, un tema que rara vez se
ha tenido en cuenta en estudios previos.

Palabras clave: mortalidad en carreteras; ecologia de carreteras; co-
munidad; voluntarios; bases de datos en linea.

Citizen science, defined as scientific work done by
people without a scientific degree, is as old as modern
science itself. Perhaps the most famous case was cham-
berlain Antonie van Leeuwenhoek, who made detailed
microscopic observations for the Royal Society from
1673 to 1723 (Gest, 2004). More recently, some citizen
science projects have been active for over half a century
(Gommerman & Monroe, 2012; McKinley et al., 2017).

Citizen science projects are considered useful when
large scale data are needed, and in the case of biolo-
gy, common applications include phenology, climate
change, pollution, species distribution, population fluc-
tuations and ecosystem productivity (Dickinson et al.,
2012; Chandler etal,, 2017).

In an epoch full of challenges that range from rapid
climate change to reduced political support for science
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