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Museum collections are critical to contemporary biological research, but museum

acquisitions have declined in recent decades, hampering researchers’ ability to use

collections to assess species responses to habitat modification, urbanization, and global

climate change. Citizen science may be a key method to bolster museum collections

data, particularly from urban regions, where ongoing data collection is critical to our

understanding of ecosystem dynamics in a highly modified and variable landscape. In

this study, we compare data collected as part of the citizen-science project Reptiles

and Amphibians of Southern California (RASCals), hosted on the platform iNaturalist

(www.inaturalist.org), to data in the VertNet database (www.vertnet.org), which houses

millions of museum collection records from over 250 natural-history collections, for four

focal species, including a native lizard of conservation concern that has declined with

urbanization, a native lizard that is widespread in urban areas, and two invasive aquatic

species. We compared numbers of VertNet records over time to modern RASCals

records, and the number of records collected from urban, suburban, and protected areas

from both databases. For all species, citizen-science records were generatedmuchmore

rapidly than museum records. For three of our four focal species, RASCals participants

over 27 months documented from 70 to 750% more records than were added to the

VertNet database after 1990. For the urban-tolerant southern alligator lizard, RASCals

participants collected nearly 45 times more modern urban records than are contained

in the VertNet database. For all other species, the majority of RASCals records were

collected within suburban or other highly modified landscapes, demonstrating the value

of citizen science for collecting data within urban and suburban ecosystems. As new

museum acquisitions decline, citizen-science projects like RASCals may become critical

to the maintenance of modern species-distribution data.

Keywords: American bullfrog, citizen science, coast horned lizard, museum collections, red-eared slider, southern
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INTRODUCTION

Museum collections are critical to contemporary biological
research, providing data that can be used to assess shifting
species ranges, changing species assemblages, the history of
infectious disease, historical and present levels of environmental
contaminants, the effects of global climate change, patterns of
biological invasion, and more (Barber et al., 1972; Davis, 1996;
Parmesan, 1996; McCarthy, 1998; Fanning et al., 2002; Suarez
and Tsutsui, 2004; Lister et al., 2011). However, in recent decades
collections of new specimens have declined precipitously along
with decreases in funding and in the popularity of scientific
collecting (Dalton, 2003; Gropp, 2003; Suarez and Tsutsui, 2004;
LaDuc and Bell, 2010).

This lack of data has hampered researchers’ ability to use
collections to assess species responses to habitat modification,
urbanization, and global climate change, even as urbanization
is on the rise, both locally and globally. Urban development
is a primary threat to global biodiversity, causing increases
in air and soil pollution, road density, population density,
average ambient temperature, and the introduction of non-
native species. Combined with habitat loss attributed to urban
growth, anthropogenic habitat change can have drastic negative
impacts on local ecosystems, and can lead to changing species
assemblages and decreases in species diversity (Mackin-Rogalska
et al., 1988; Kowarik, 1995; McIntyre, 2000; Blair, 2001;
McKinney, 2002; Alvey, 2006; Ditchkoff et al., 2006; Zhao et al.,
2006; Grimm et al., 2008a,b; Ren et al., 2008). Yet we still lack
a thorough understanding of how human development impacts
ecosystem functioning and biodiversity on a broad scale (Collins
et al., 2000; McIntyre, 2000; McKinney, 2002; Grimm et al.,
2008a), a problem that becomes more difficult to overcome as
museum acquisitions decline.

Citizen science may be key to bolstering the crucial data
historically housed in museum collections. Moreover, citizen
science may be a particularly effective method for obtaining
data in urban regions, where challenges to a full understanding
of ecosystem dynamics are manifold. First, urban ecology
often requires comprehensive data collected over extremely
large geographic areas to answer questions about regional
patterns and responses to urbanization: most cities and their
surrounding suburbs are many dozens or even hundreds of
square kilometers in area. Such widespread data collection is
expensive and labor intensive, challenges that are increasingly
insuperable as funding for specimen collecting declines (Dalton,
2003; Gropp, 2003; Suarez and Tsutsui, 2004; LaDuc and Bell,
2010). Second, much of the land in urban areas is private
property making access difficult, which limits the ability to
apply standard methods for biodiversity assessment. Third, quite
often, city residents do not consider the fauna observed in
cities worth documenting. Citizen science provides a potential
solution to all of these logistical difficulties by incorporating
the recruitment of volunteers from across study areas and
allowing residents to learn the importance of the wildlife in
their own neighborhoods. These benefits of citizen science
are especially apparent in urban areas, where large, dense,
and diverse populations make volunteer recruitment easier

(McCaffrey, 2005; Cooper et al., 2007; Dickinson et al., 2010;
Ballard et al., 2017).

The goal of this study was to assess whether citizen science
can be a solution to the urban biodiversity data crisis for species
with varying responses to urbanization. To address this goal, we
examined citizen-science data collected by a single project on
a single geographically and taxonomically widespread citizen-
science platform. We chose to focus on the iNaturalist platform
(www.inaturalist.org) because it is broad and can be applied to
any photographable taxon anywhere in the world. We focused on
four species with different responses to urbanization, including
two native and two non-native species, giving us insight into the
breadth of species for which citizen science can provide critical
data. We compared modern citizen-science data to data from
traditional museum collections across the past century to ask (1)
how citizen-science data acquisition compares with traditional
museum collection growth over time; (2) how the two methods
of data collection compare for data acquisition from urban areas;
and (3) the benefits and limitations of citizen-science data as a
tool to augment museum data for evaluating distributions in an
urban landscape.

METHODS

Data Sources
We acquired the citizen-science dataset from the Reptiles
and Amphibians of Southern California (RASCals; http://
www.inaturalist.org/projects/rascals), a citizen-science project,
which was started in June of 2013 by GBP and the Natural
History Museum of Los Angeles County. RASCals is hosted
on the internet-based citizen-science platform iNaturalist
(iNaturalist.org), maintained by the California Academy
of Sciences. The RASCals project focuses on reptiles and
amphibians within the 10 counties of Southern California:
San Luis Obispo, Kern, Santa Barbara, Ventura, Los Angeles,
San Bernardino, Orange, Riverside, San Diego, and Imperial
Counties. We used only research-grade observations, which
are defined as those having a voucher photograph, date,
latitude and longitude coordinates, and a community-supported
identification.

We compared data from iNaturalist to museum collection
data from VertNet (www.vertnet.org), an NSF-funded database
that contains millions of georeferenced records from over 250
natural-history collections globally. We used all georeferenced
VertNet records of specimens collected from within the 10
counties of Southern California, regardless of the institution
in which the specimen was housed (Supplementary Table 1).
Records from VertNet and RASCals were accessed March 2015
and September 2015, respectively. Thus, we analyzed records
from the RASCals project that had accumulated over the first 27
months of the project’s existence.

Focal Region
Southern California is home to approximately 22.7 million
people. Most of this region and its inhabitants reside in the
California Floristic Province, one of the Earth’s 36 biodiversity
hotspots. Hotspot status is due in large part to the dramatic
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habitat loss and alteration resulting from the high human
population of the region and associated urbanization. Most
Southern Californians reside in the Greater Los Angeles Area
(18.6 million) or the Greater San Diego Region (3.3 million),
with the former being the nation’s second largest metropolitan
region and the world’s fifth largest metropolitan region in a
biodiversity hotspot. Given the high biodiversity, high threats
to this biodiversity, and the relatively large number of natural
history museums with collections relevant to this region,
Southern California is well-suited for studies on the impacts of
urbanization and the use of citizen science in documenting urban
biodiversity.

Focal Species
Using data from bothVertNet and RASCals, we evaluated current
species distributions and changes in distribution over time of
two native species and two invasive species. We chose these
four species because they had at least 50 observations made
by RASCals participants in the first 27 months of the RASCals
project and because they vary greatly in their responses to
urbanization (see below) and probability of detection. Further,
they represent a diverse suite of species, varying in whether they
are native or non-native, terrestrial or aquatic, and declining or
common in urban areas.

The coast horned lizard, Phrynosoma blainvillii, ranges
from the Sacramento Valley of Northern California to Baja
California, Mexico (Stebbins and McGinnis, 2012; Thomson
et al., 2016). However, populations have rapidly declined in much
of this region, especially in Southern California, due to habitat
destruction and the decline of native ants, their primary food
source, with the arrival and spread of non-native Argentine
ants (Jennings, 1987; Fisher and Case, 2000; Suarez et al.,
2000; Fisher et al., 2002; Lemm, 2006; Stebbins and McGinnis,
2012; Brattstrom, 2013; Thomson et al., 2016). P. blainvillii is a
California Species of Special Concern (Jennings and Hayes, 1994;
Thomson et al., 2016).

The southern alligator lizard, Elgaria multicarinata, is native
to most of Southern California and is found in most habitat
types, including urban areas (Stebbins and McGinnis, 2012).
Because E. multicarinata prefers areas with some moisture
(Lemm, 2006), urbanization, and its concomitant increase in
available water due to yard irrigation may allow this species
to colonize areas that were historically unsuitable; indeed, it is
now the most widespread lizard species in heavily urbanized
regions of Southern California including the Los Angeles Basin
and San Diego area (based on the RASCals dataset). Despite its
prevalence, this species does not bask in prominent locations;
thus, it can be difficult to detect, especially in dense grassland and
other heavily vegetated regions.

The red-eared slider turtle, Trachemys scripta elegans, and the
American bullfrog, Rana catesbeiana (=Lithobates catesbeianus
of some authors), are both native to the eastern U.S., but are
invasive species that are widely distributed and well-established
throughout California. Both are also on the IUCN-ISSG list
of “100 of the World’s Worst Invasive Species” (Lowe et al.,
2000). Red-eared sliders are particularly common in places with
high human density and moderately to highly modified habitats

(Spinks et al., 2003; Conner et al., 2005; Eskew et al., 2010;
Thomson et al., 2010). Historically, little permanent water habitat
existed in Southern California in which this highly aquatic
turtle could survive, but it has become widespread in human-
modified, permanent water settings such as reservoirs and urban
ponds. Because this turtle basks prominently during the day, it is
relatively easy for citizen scientists to photo-voucher.

The American bullfrog, R. catesbeiana, is now common
throughout the Western United States (Hayes and Jennings,
1986). Neither urban development nor habitat modification have
significant negative impacts on bullfrog populations (D’Amore
et al., 2010; Ficetola et al., 2010; Gagne and Fahrig, 2010). As with
T. scripta elegans, bullfrogs require permanent water and survive
in Southern California largely because of human-created habitats.
Bullfrogs are most active at night; during the day, they tend to
hide in aquatic vegetation and will often flee with any nearby
disturbance. As a result, they are less commonly photographed
by citizen scientists.

Comparing Citizen Science and Museum
Collection Data Over Time
To assess the efficacy of museum collections relative to citizen
science for collecting records of our focal species over time,
we compared VertNet records to RASCals records. We divided
VertNet records by 20-year intervals and analyzed according to
these divisions. For E. multicarinata and P. blainvillii, we divided
records into intervals before 1930, 1931–1950, 1951–1970, 1971–
1990, and after 1990. For R. catesbeiana, there were too few early
records to make further divisions, so we combined all records
from before 1970 into one interval. We did not divide records
for T. scripta elegans into intervals because there were very few
observations in VertNet and all were collected after 1970. Because
RASCals data were all collected in a 27-month period (2013–
2015), we did not divide these records. Given the importance of
understanding how species are responding to urbanization, we
were especially interested in examining the accumulation rate
for modern voucher records. Thus, we specifically assess and
compare the accumulation rate for RASCals records over the first
27 months of that project to the most recent museum records,
which were accumulated from January 1991 to March 2015 (290
months).

Comparing Citizen Science and Museum
Collection Data in Urban Areas
To compare traditional museum collection and citizen science
as methods for obtaining species records specifically in urban
areas, we mapped all records from both databases using ArcGIS
(ArcMap 10.2.2, Esri). The spatial analyses incorporated county
boundaries (California Department of Forestry Fire Protection,
2010), current protected areas of California (Commission for
Environmental Cooperation, 2008), and percent impervious
surface as of 2011 (United States Geological Survey, 2011a).
Protected areas were defined according to the IUCN Protected
Areas Categories System, and encompassed land managed by
national, state, provincial or territorial authorities according
to data assembled for the Commission for Environmental

Frontiers in Ecology and Evolution | www.frontiersin.org 3 July 2017 | Volume 5 | Article 86

http://www.frontiersin.org/Ecology_and_Evolution
http://www.frontiersin.org
http://www.frontiersin.org/Ecology_and_Evolution/archive


Spear et al. Citizen Science and Urban Data Collection

Cooperation in 2008. We used percent impervious cover
as a proxy for urbanization; we defined “urbanized areas”
as areas of >50% impervious surface cover. We referred
to non-protected areas of <50% impervious surface cover
as “other” areas. We determined the types of land use
that defined these “other” areas using 2011 land cover
data from the National Land Cover Database (United States
Geological Survey, 2011b). We used maps of modern percent
impervious surface, modern protected areas, and modern land
use for all past decades in order to determine how sampling
within current urbanized and protected areas has changed
over time. We determined how many observations of the
four focal species in RASCals and in VertNet fell within
protected areas or in urbanized areas for each division of
decades.

RESULTS

Comparing Citizen Science and Museum
Collection Data Over Time
For three of the four focal species, modern locality records
collected through citizen science over a mere 27-month period
far surpassed collection via museum records over a 290-month
period (Table 1). Citizen science generated up to 23.8 times
more modern records than museum collections. Even more
impressively, for all species, the accumulation rate for modern
records through citizen science was an order of magnitude
greater than that for museum records (Table 1).

VertNet records of E. multicarinata and P. blainvillii
demonstrated a marked decline since 1970, and for both species,
museum records collected after 1990 declined by over 50% from
the previous two decades (Figures 1–3, Supplementary Tables
2, 3). RASCals participants deposited nearly 400% more photo
records of E. multicarinata (n = 689) and 70% more photo
records of P. blainvillii (n = 129) than were accessioned into
museum collections after 1990 (Figure 1,Table 1, Supplementary
Tables 2, 3). These results are even more dramatic when
rate of data collection is considered; for E. multicarinata,
museum specimens yielded 7.2 records/year since 1990 while
citizen science yielded 306.2 records/year (Table 1). These same
rates for P. blainvillii are 3.2 museum records/year and 57.3
citizen science records/year (Table 1). There was a striking
lack of modern records of T. scripta in VertNet (n = 5),
despite the fact that RASCals participants demonstrated the
clear presence of this species throughout Southern California
(Figures 1, 4, Supplementary Table 4; n = 119). In only 27
months, RASCals participants collected almost 24 times the
number of modern records of T. scripta in VertNet (Figure 1,
Table 1, Supplementary Table 4). Rana catesbeiana was the only
focal species for which VertNet records increased after 1990 (n
= 204) as compared to 1971–1990 (n = 126), and the only
species for which there were fewer RASCals records (n= 75) than
VertNet records after 1990 (Figures 1, 5; Supplementary Table 5).
Nevertheless, the accumulation rate of locality records was much
greater for citizen science (33.3 records/year) than for museum
specimens (8.4 records/year; Table 1).

Comparing Citizen Science and Museum
Collection Data in Urban Areas
The extent to which RASCals participants increased the number
of urban records compared to urban records in VertNet differed
according to species. RASCals participants collected over 45
times more modern urban records of E. multicarinata (n
= 228) than were contained in VertNet (n = 5; Figures 1,
2, Supplementary Table 2). In contrast, nearly one-third of
VertNet records of E. multicarinata from before 1970 were
collected within areas that are currently urban (Figures 1, 2,
Supplementary Table 2). RASCals participants also collected
many more records of E. multicarinata from urban areas (n
= 228) than from protected areas (n = 90; Figures 1, 2,
Supplementary Table 2). Before 1930, P. blainvillii was recorded
frequently in areas that are currently urban (n = 119; Figures 1,
3, Supplementary Table 3). In contrast, P. blainvillii was poorly
documented from urban areas by either database (RASCals:
n = 6; VertNet: n = 0) (Figures 1, 3, Supplementary Table 3),
which is expected given that urbanization is a known factor in
the decline of this species (Thomson et al., 2016, and references
therein). Very few RASCals records of T. scripta (n = 11) or of
R. catesbeiana (n = 8) were collected in urban areas (Figures 1,
4, 5, Supplementary Tables 4, 5). For both species, there are
more RASCals records from protected areas (T. scripta: n =

18; R. catesbeiana: n = 23), though the majority of RASCals
records come from “other” (i.e., not protected or urban) areas
(Figures 1, 4, 5, Supplementary Tables 4, 5). For all species, over
90% of these “other” records were collected from five different
land cover types according to the National Land Cover Database:
developed open space, including parks, golf courses, and lawns;
low intensity developed, primarily residential housing; medium
intensity developed, primarily residential housing; scrub/shrub-
land; and grassland/herbaceous cover. There were no VertNet
records of T. scripta from urban areas, and very few of R.
catesbeiana (n = 9; Figures 1, 4, 5, Supplementary Tables 4,
5). Rana catesbeiana was more frequently sampled in currently
urban areas before 1970 (n = 54; Figures 1, 5, Supplementary
Table 5).

DISCUSSION

Our results demonstrate that citizen science can be an
important tool for rapidly providing data about modern species
distributions, particularly as specimen collecting has declined.
For the four focal species, the RASCals citizen-science project
generated modern locality records 4–252 times more rapidly
than museum collections (Table 1). In 27 months, the RASCals
citizen-science project generated 0.36–23.8 times more modern
locality records than museum collections acquired over more
than 24 years (Table 1). Thus, for three of our four focal
species, citizen science provided more data about modern species
distributions than the more than 250 natural history collections
searchable through the VertNet database. The only species
for which VertNet contained more modern records than were
collected by RASCals participants was R. catesbeiana. However,
citizen-science records for this species were being gathered
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TABLE 1 | Modern Southern California locality records of the four focal species from citizen science (the RASCals project, 27 months) and from museum specimens

(VertNet database, 290 months).

Species No. of RASCals records

(27 months)

No. of VertNet records

(1991–2015)

Accumulation rate:

RASCals (records/year)

Accumulation rate:

VertNet (records/year)

Elgaria multicarinata 689 175 306.2 7.2

Phyrnosoma blainvillii 129 77 57.3 3.2

Rana catesbeiana 75 204 33.3 8.4

Trachemys scripta 119 5 52.9 0.21

FIGURE 1 | Number of Southern California georeferenced specimen records from VertNet and collected by RASCals participants that are within protected areas or

areas of ≥50% impervious surface for (A) Elgaria multicarinata, (B) Phrynosoma blainvillii, (C) Rana catesbeiana, and (D) Trachemys scripta.

much more rapidly than were museum records (Table 1; 33.3
records/year for citizen science vs. 8.4 records/year for museum
records). Citizen science was also much more effective for
sampling urban populations of our urban-adaptable focal species,
providing urban-distribution data that VertNet lacked.

As funding for and the popularity of collecting specimens
for museum collections has declined (Dalton, 2003; Gropp,
2003; Suarez and Tsutsui, 2004; Sullivan et al., 2009; Dickinson
et al., 2010; LaDuc and Bell, 2010), citizen science can be an
effective and inexpensive way to rapidly gain large amounts of
data about species distributions. The RASCals citizen-science
project worked particularly well for providing data about modern
distributions of E. multicarinata, P. blainvillii, and T. scripta,

all of which are diurnal reptiles found within a variety of
habitats throughout Southern California (Hayes and Jennings,
1986; Thomson et al., 2010; Stebbins and McGinnis, 2012;
Brattstrom, 2013). VertNet, in contrast, provided fewer modern
records of all of these species, particularly T. scripta. The lack
of modern records contained within museum collections is
alarming, considering the rapid changes occurring to many
species’ ranges due to climate change, habitat loss, urbanization,
and other anthropogenic forces (Franco et al., 2006; Sorte
et al., 2010; Chen et al., 2011). Up-to-date records of species
distribution are critical for understanding the effects of these
forces on individual species and communities (Shaffer et al., 1998;
Ponder et al., 2001; Thuiller, 2004; Chen et al., 2011).
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FIGURE 2 | Distribution of Elgaria multicarinata in Southern California according to all georeferenced VertNet database records from before 1930 (n = 275),

1931–1950 (n = 479), 1951–1970 (n = 820), 1971–1990 (n = 563), and after 1990 (n = 175) as of March 2015, as well as the distribution of research-grade

observations by RASCals participants as of September 2015 (n = 689). County boundaries, protected areas, and percent impervious surface are shown.

Considering the potential effects of rapid urbanization on
species distributions, the capability of citizen science for sampling
urban areas is also promising (McCaffrey, 2005; Cooper et al.,
2007; Paulos et al., 2008; Ballard et al., 2017). Standard methods
for sampling biodiversity are often extremely challenging to
implement in urban and suburban areas because of the high
proportion of private property that professional biologists cannot

easily access. Citizen science, however, can overcome this
challenge by having local residents with increased access and
increased local knowledge collect the relevant data. For example,
of 1,012 total citizen-science records for our focal species, 253
were in “urban” and 570 were in “other” (primarily low- and
medium-intensity suburban development), indicating that the
majority of records were from urbanized areas. In contrast,
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FIGURE 3 | Distribution of Phrynosoma blainvillii in Southern California according to all georeferenced VertNet database records from before 1930 (n = 536),

1931–1950 (n = 216), 1951–1970 (n = 315), 1971–1990 (n = 175), and after 1990 (n = 77) as of March 2015, as well as the distribution of research-grade

observations by RASCals participants as of September 2015 (n = 129). County boundaries, protected areas, and percent impervious surface cover are shown.

very few modern museum records came from urbanized areas
(Supplementary Tables 2–5). Past VertNet records of our focal
species demonstrate that they were previously present in modern
urban areas, suggesting that these regions may have been more

heavily sampled in the past, before becoming so extensively
urbanized, and/or that urban-sensitive species like P. blainvillii
were historically more abundant in these regions. The abundance
of urban and suburban records in RASCals also suggests that
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FIGURE 4 | Distribution of Trachemys scripta in Southern California according to all georeferenced VertNet database records (n = 11) as of March 2015, as well as

the distribution of research-grade observations by RASCals participants as of September 2015 (n = 119). County boundaries, protected areas, and percent

impervious surface cover are shown.

participants not only sample local parks or reserves, but also
a broader variety of habitat types: the majority of records in
our dataset came from suburban land of low and medium-
intensity development, or from unprotected shrub land. Citizen
science should be invaluable to the ongoing collection of similar
suburban and urban distributional data for a wide variety of
species. Moreover, in addition to generating biodiversity data,
citizen-science projects in urban regions can also have important
educational and societal benefits. For example, effectively
managed citizen-science projects can convince participants that
documenting the nature in their own neighborhoods is valid and
important (Ballard et al., 2017).

The photographic method of data collection employed by
the RASCals project may be especially valuable for collection of
data about species of conservation concern, such as P. blainvillii.
The designation of P. blainvillii as a species of special concern
may in part explain the dramatic drop in museum specimens in
recent decades, as such species are rarely collected for scientific
purposes. Despite this species persisting only in protected areas
and being largely cryptic, RASCals participants documented
129 sightings, demonstrating that citizen-science projects can
provide modern data that helps fill gaps in museum collections.
This result is consistent with the recent finding by Ballard
et al. (2017) that citizen-science projects can have numerous
conservation impacts.

The lack of VertNet records of the invasive T. scripta is
also a point of concern. Knowledge of this turtle’s spread
may prove important to efforts to control it or to manage
native species impacted by the spread of this highly invasive
species. RASCals participants collected more than 10 times

the number of records of T. scripta than are contained in
VertNet. Citizen science has already proven effective at detecting
and studying invasive species (Delaney et al., 2008; Crall
et al., 2010, 2011; Gallo and Waitt, 2011). Indeed, RASCals
participants were the first to record established populations
of the Indo-Pacific Gecko, Hemidactylus garnotii, in California
(Pauly et al., 2015a) and are also responsible for a number
of new county records of other non-native lizard species
(Bernstein and Bernstein, 2013; Larson et al., 2015; Pauly
and Borthwick, 2015; Pauly et al., 2015b). Ongoing citizen-
science projects like RASCals can be used to more effectively
detect invasive species introductions and range expansions
than intermittent specimen collection. Crucially, citizen-science
discoveries can direct strategic specimen collection as happened
in the aforementioned discoveries of new state and county
records for non-native lizards.

It is similarly important to note the limitations of citizen
science. The effectiveness of citizen science for providing
distribution and biodiversity data is species-dependent:
detectability varies widely by species, with cryptic and nocturnal
species being under-recorded as compared to diurnal or easily-
spotted species (Genet and Sargent, 2003; de Solla et al., 2005;
Lotz and Allen, 2007; Fitzpatrick et al., 2009; Dickinson et al.,
2010). Consider data collection for R. catesbeiana: this species is
most active at night and while it can be observed along shorelines
during the day, it often leaps into the water and hides when
approached. As a result, photographic vouchers can be difficult
to obtain, and the accumulation rate for bullfrog observations
was the lowest among our focal species for the RASCals project
(Table 1). In contrast, professional biologists can use a variety of
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FIGURE 5 | Distribution of Rana catesbeiana in Southern California according to all georeferenced VertNet database records from before 1970 (n = 263), 1971–1990

(n = 126), and after 1990 (n = 204) as of March 2015, as well as the distribution of research-grade observations by RASCals participants as of September 2015 (n =

75). County boundaries, protected areas, and percent impervious surface cover are shown.

methods to relatively easily collect bullfrogs and often want to do
so given the impact that this invasive species can have on native
taxa; as a result, the modern museum specimen-accumulation
rate was highest for this species relative to our other focal taxa
(Table 1).

The difficulty of obtaining photo vouchers for R. catesbeiana
highlights that other methods of data collection may be more
effective for some species. For example, a number of citizen-
science studies have used frog call surveys to successfully monitor
frog populations (Genet and Sargent, 2003; de Solla et al.,
2005; Lotz and Allen, 2007). Another drawback of photo-
based citizen-science projects is that sampling is haphazard
and so may not be even across the study region, and because
participants may differ in their ability to detect different species,
it is difficult to use citizen science to reliably document species
absence or abundance (Kéry, 2002; Mackenzie, 2005; Dickinson
et al., 2010). Some of these biases and pitfalls may be avoided

by carefully designing studies or choosing sampling locations,
and/or providing training for participants (Delaney et al., 2008;
Dickinson et al., 2010). However, while systematic study designs
and participant training allow citizen science to be used for more
complex studies than simple distribution surveys, they can also
limit the scale and flexibility that citizen-science projects like
RASCals provide.

Most importantly, photo-based citizen-science projects
provide photos, which will always have limited utility relative
to a specimen. Photographs, like those accumulated through
RASCals, are useful for collecting distribution and biodiversity
data, but they cannot replace museum collections as invaluable
sources of data about morphology, genetics, epidemiology,
and disease spread, diet, or parasitism rates or the change in
these variables through time (Roy et al., 1994; Fanning et al.,
2002; Payne and Sorenson, 2002; Johnson et al., 2003; Suarez
and Tsutsui, 2004; Babin-Fenske et al., 2008). Citizen science
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can and should be used to supplement, but not replace, the
records contained within museum collections. Moreover, our
results highlight the opportunity provided by combining citizen
science and museum records in studying species responses to
major environmental changes; museum records provide the
historical localities while citizen science can provide the bulk of
the modern locality data.

Our results also highlight the relevance of citizen science
to studies of urban biodiversity. Urban areas are a mosaic of
private properties that, depending on the taxon of interest,
can be difficult or even impossible to survey using standard
techniques. By partnering with citizen scientists, researchers
can overcome this challenge. Because Southern California
has both high biodiversity and a large human population,
citizen science is an especially relevant method for studying
biodiversity in this region. Nevertheless, this general approach
is applicable to human-inhabited regions worldwide; the only
requirements are that the project is of interest to local
people, participants have access to the tools needed for data
collection (smartphones, digital cameras, internet access, etc.),
and data-collection techniques are appropriate for the research
question.

As the RASCals project is ongoing, over time RASCals
participants will likely contribute many more records of each
of the focal species. The full value of this citizen-science project
for increasing our understanding of the reptiles and amphibians
of Southern California is still unfolding. Moreover, RASCals
is one of many such ongoing projects sponsored by museums
around the world as curators increasingly embrace citizen-
science projects. As museum acquisitions continue to decline
(Suarez and Tsutsui, 2004), citizen-science projects like RASCals
may become a key tool that complements traditional specimen
collecting efforts for obtaining data on species distributions
throughout the world.
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