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Biodiversity Between Buildings: Results of a Two-Year
Vertebrate Survey on a University Campus

John David Curlis™*?, Rebecca Scott'*, Emily Evans'?, Michelle Cawthorn',
C. Ray Chandler', James Roberts', and Lance McBrayer'

Abstract - As urbanization increases worldwide, areas that possess both urbanized spaces
and natural or semi-natural greenspaces, such as university campuses, present ideal settings
in which to measure biodiversity in the modern era. From 2015 to 2017, we documented
the vertebrate species that occurred on the main campus of Georgia Southern University
(GSU) in the southeastern United States. To maximize the number of species encountered,
we sampled using a broad array of surveying and trapping techniques and engaged citizen
scientists for assistance. In total, we recorded 206 vertebrate species, representing 46% of
the species documented in the surrounding county and 58% of the county species that we
would realistically expect to encounter on campus due to species-specific habitat require-
ments or rarity. While this biodiversity was generally concentrated in the less-intensely
urbanized regions of campus, our findings suggest that even partially developed and highly
fragmented landscapes can support a relatively high richness of species. Our results under-
score the importance and benefits of greenspaces in urban planning and species conserva-
tion. We further emphasize that spaces like university campuses should be better leveraged
to document contemporary patterns of biodiversity and can serve as ideal study sites for
long-term monitoring of species assemblages in an ever-changing world.

Introduction

Biodiversity loss is one of the most pressing environmental issues facing the world today
(Cardinale et al. 2012). Many biologists consider the earth to be undergoing a sixth mass
extinction event (Barnosky et al. 2011, Ceballos et al. 2020), and it is clear that recent and
current extinction rates are significantly higher than “background” extinction rates inferred
from the fossil record (Ceballos et al. 2015). One of the driving factors of today’s biodi-
versity loss is the degradation, fragmentation, and destruction of natural habitats by human
activities (Diaz et al. 2019, Fahrig 2003). In particular, anthropogenic land development and
urbanization play a major role in the decline of native species and populations (Aronson et
al. 2014). Because of this, developed and urbanized areas have not received as much con-
servation or research attention as designated natural areas (Soanes et al. 2019). However,
in a world where biodiversity is declining and urbanization is spreading, it is increasingly
important to document urban biodiversity in order to better understand where and how to
deploy contemporary means of conservation (Mitchell et al. 2015, Ziter 2015). Moreover, a
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number of studies support the idea that urban areas can actually support a surprisingly high
amount of biodiversity (Derby Lewis et al. 2019, Ives et al. 2016, Kiihn et al. 2004, Soanes
etal. 2019).

“Urbanization” broadly refers to the anthropogenic conversion of natural and semi-
natural land-cover types (e.g., forest, grassland, agricultural fields) via construction of
buildings, neighborhoods, parking lots, and roads. However, the effects of urbanization on
biodiversity may vary drastically depending on the intensity of the land-cover change (Al-
berti et al. 2003, Ziter 2015). For example, the conversion of a natural area into a botanical
garden or park would likely have markedly different effects on local wildlife than would
the conversion of a natural area into a parking lot or office building. One way to minimize
the negative impacts of urbanization on biodiversity is via the creation of “greenspaces,”
areas within an urbanized patchwork that contain natural vegetation, both managed and un-
managed. Such greenspaces can serve as refugia, nesting sites, corridors, stopover points,
and hunting/foraging sites for a wide range of animals (Gonzélez-Garcia et al. 2009, Hutto
and Barrett 2021, Partridge and Clark 2018, Partridge et al. 2020, Rutz 2006), which might
otherwise avoid an urban area entirely if no greenspaces are present (Lepczyk et al. 2017,
Streicher et al. 2021). In addition, the maintenance of greenspaces can provide financial
incentives for businesses and institutions that wish to meet certain sustainability goals and/
or properly manage natural resources (Aronson et al. 2017). Because a key metric of sus-
tainable practice is the maintenance or enhancement of native biological diversity (reviewed
in Niesenbaum 2019, Verma et al. 2020), one must have detailed baseline biodiversity data
for future assessment of sustainability practices or future environmental impacts. The vari-
ous benefits provided by greenspaces have proven to be highly attractive to landowners and
urban planners, such that many development projects are being intentionally designed with
ample greenspaces in mind (Aronson et al. 2017).

Numerous, large greenspaces are often a hallmark of university and college campuses.
These campuses have long recognized greenspace utility not only for the psychological ben-
efits to students and faculty, but also for recreation, outdoor classrooms, and/or ecological
study sites. As such, college and university campuses often balance heavily and partially
urbanized areas with greenspaces, making them ideal sites to measure biodiversity (Liu et
al. 2017). As noted by Liu et al. (2021), colleges and universities often have faculty, staff,
and students who are trained in biology, environmental science, wildlife management, and/
or forestry, making them (presumably) motivated and well-equipped to accurately identify
groups of organisms. Moreover, campuses often harbor nature enthusiasts who may not
necessarily be trained in such fields, but who may serve as valuable citizen scientists in bio-
diversity surveys (Colding and Barthel 2017, Silvertown 2009). Finally, many urban areas,
especially colleges and universities, are undergoing a rapid transition to increase awareness
and application of sustainable practices, promotion of more sustainable development, and
reduction of environmental impacts (Colding and Barthel 2017). In short, college and uni-
versity campuses are ideal sites to measure biodiversity, preserve biodiversity, and engage
the public about the environment, conservation, and the benefits of sustainable practices.
While the number of campus biodiversity surveys has indeed increased since 2000, only
about 1.2% of universities worldwide have taken advantage of this largely untapped poten-
tial (Liu et al. 2021).

In this study, we leveraged the collective knowledge and surveying efforts of citizen
scientists, undergraduates, graduate students, and university professors to inventory the
vertebrate biodiversity on the campus of Georgia Southern University (GSU). The central
goal of our study was to quantify the total number of species of fishes, birds, reptiles, am-
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phibians, and mammals observed on campus over two years. We combined standardized
sampling methods (e.g., encounter surveying, electrofishing, live trapping), opportunistic
encounters, and citizen science data to generate a species inventory and demonstrate the
utility of campuses in harboring vertebrate diversity. In addition, we wanted to develop a
framework whereby survey and monitoring efforts could be continued and expanded upon
in the future. Thus, we developed an on-going iNaturalist project that involves researchers
and citizen scientists alike. To provide broad context to the vertebrate biodiversity data on
the GSU campus, we compared our findings with known species records for the surrounding
region (Bulloch County), and we considered these comparisons in light of differences in
habitat availability between campus and county. Ultimately, the results of our comprehen-
sive and systematic survey serve as a reliable assessment of how well campus biodiversity
reflects the regional biodiversity, as well as a reference for future monitoring or assessment
of future environmental impacts to the campus or region.

Materials and Methods

Study Site

Our vertebrate survey took place on the main campus of Georgia Southern University
(GSU), in Statesboro, Bulloch County, Georgia, U.S.A. Statesboro is located in the South-
eastern Plains ecoregion (Omernik 1987), an area dominated by pine/oak forest, scrub,
sandhill, and wetland habitats. Much of the land surrounding Statesboro has been developed
or converted to farmland for row crops (cotton, peanuts, and soybeans) or pasture, but some
large patches and corridors of relatively natural bottomland forest, upland scrub, and free-
flowing blackwater rivers and streams are present. The main campus of GSU is comprised
of 365 contiguous hectares and hosts roughly 21,000 students, faculty, and staff (Georgia
Southern University Office of Institutional Research 2018). Our survey area was bounded
by Fair Road (Georgia State Highway 67) to the northeast, South Main Street (United States
Highway 301) to the northwest, Veterans Memorial Parkway (United States Highway 25
Bypass) to the southwest, and Lanier Drive to the southeast (Fig. 1). Like many university
campuses, the area is a heterogeneous patchwork of habitats with varying degrees of anthro-
pogenic alteration, ranging from paved parking lots to mature forests and from constructed
ponds with fountains to natural and degraded wetlands.

Standardized Surveying and Trapping

From [ July 2015 to 1 July 2017, we surveyed for fishes, birds, reptiles, amphibians, and
mammals on the campus of GSU. Because these different taxa can have highly dissimilar
behaviors, life history strategies, habitat requirements, and degrees of rarity, we determined
that a multifaceted surveying approach would be critical to documenting a high proportion
of the vertebrates found in the area. Accordingly, we utilized both generalized and taxon-
specific techniques when sampling (Fig. 2). All methods were approved under Georgia
Southern University IACUC protocols and Georgia Department of Natural Resources Sci-
entific Collecting Permits (see Acknowledgments).

Our most heavily relied-upon method of sampling was the encounter survey. This con-
sisted of actively searching for vertebrates, which were identified by sight (and possibly by
sound, if the animals were calling or singing). Encounter surveys mostly involved scanning
the sky, vegetation, substrate, and ponds for animals out in the open, yet they also included
overturning rocks, logs, and debris to locate reclusive species. We were able to identify
many taxa from a distance (especially birds and large mammals), but reptiles and amphib-
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ians were caught by hand to allow for close observation and counts of meristic traits like
scales and costal grooves, which can be diagnostic. We conducted encounter surveys in
all seasons both during the day and the night (using flashlights), as well as in a variety of
weather conditions, to maximize the potential species encountered. Photographs were taken
whenever possible to aid or confirm species identification.

To capture aquatic amphibians, turtles, and fishes, we used dipnets, seines, gill-nets,
minnow traps, rod-and-reel, and Halltech direct-current backpack electrofishers (Halltech
Environmental Inc., Guelph, Ontario, Canada). In contrast to non-electrofishing methods
that rely heavily on the user’s skill/speed, electrofishers allow for broader, more effective
sampling by delivering a low-voltage charge that immobilizes fishes long enough for collec-
tion and identification (Vaux et al. 2000). Electrofishers were set at 60 Hz for all sampling,
and voltage was adjusted as needed according to measured conductivity (ranging from
450-650 V). Aquatic vertebrates were identified in the hand or in a small holding aquarium
and then immediately released at the site of capture.

We sampled reptiles and amphibians by creating, deploying, and monitoring artificial refu-
gia and drift fence arrays, both of which are common tools in herpetofaunal surveys (Curlis et
al. 2020, Willson and Gibbons 2009). Artificial refugia included coverboards, which are pieces
of sheet metal laid on the ground, and frog tubes, which are pieces of PVC pipe with a rubber
cap on one end that are oriented vertically and strapped to trees (Willson and Gibbons 2009).
In total, we put out and regularly checked 73 coverboards and 11 frog tubes. In addition, we
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Agriculture (row & close grain crop)
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Figure 1. Map of the 365-
ha contiguous survey
area of Georgia Southern
University in Statesboro,
Georgia, U.S.A. showing
11 different habitat types.
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deployed seven drift fence arrays, which prevent the natural movement of animals across an
area and redirect them into traps from which they cannot escape (Willson and Gibbons 2009).
Drift fences were made of 10m-long, 0.5m-high (~30 ft-long, ~1.5-ft high) aluminum flashing
positioned between two five-gallon buckets (the pitfall traps) buried in the ground on each end.
Pitfall trap buckets had tiny holes drilled into their bottoms so that they would not fill with rain-
water. Foldable funnel traps (Terrestrial Ecosystems, Mt. Claremont, Washington, USA) made
of nylon mesh were placed on either side of each drift fence arm to maximize species sampling
at drift fences (Greenberg et al. 1994). Drift fence arrays were operational only when pitfall
and funnel traps could be checked twice daily to ensure that animals did not overheat, become
hypothermic, starve, and/or die. During any periods in which traps could not be checked so fre-
quently, buckets were covered with tight-fitting lids and funnel traps were removed, preventing
captures. All animals captured in any kind of trap or found in any artificial refuge were released
immediately after identification.

vy g =
T e 7

£ RREST Tp
Figure 2. Equipment and techniques used to survey for vertebrates, including a) a PVC-style track
tube, b) a Sherman trap, c) backpack electrofishing, d) a cover board, ¢) a frog tube, and f) a drift
fence with buckets. Photograph of Sherman trap © C. Ray Chandler, all other photographs © John
David Curlis.
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We sampled mammals through the use of live-trapping, camera-trapping, and track-detec-
tion techniques. Rodents were captured by Sherman live-traps baited with sunflower seeds and
placed throughout various habitats on GSU’s campus. We set Sherman traps two hours before
dusk and checked each within four hours of sunrise the following day to reduce the amount
of time animals were in traps. We used camera traps (a combination of Reconyx [Reconyx,
Holmen, Wisconsin, USA] and Browning [Browning Trail Cameras, Birmingham, Alabama,
USA)) to passively survey for larger mammals that might be using game trails or otherwise
moving through the forests. We placed cameras traps in four locations around campus at a
height of 0.5-1.0m (~1.5-3.3ft) above the ground and did not bait them. Cameras were set to
automatically trigger when motion was detected, and the sensitivity was set to take three to five
pictures per trigger. Lastly, we surveyed for small mammals using modified track plates that
allowed us to detect footprints (Loggins et al. 2010, Wilkinson et al. 2012). We used two styles
of these “track tubes” for sampling both arboreal and semi-fossorial mammals: PVC tubes and
gutter tubes. PVC tubes of 30cm x Scm (11.81in x 1.96in) were outfitted with a downward fac-
ing 90° elbow on one end (the opening) and an end cap on the other. Tubes were placed on small
stilts that kept the opening 8—12cm (3.15—4.72in) from the ground. On the inside of the tube,
an inkpad was placed towards the opening and sunflower seeds were placed as bait towards the
opposite end. In between the inkpad and bait, a strip of cardstock paper was placed. As animals
crawled from the entrance of the tube to the bait, they would leave a trail of ink footprints on
the cardstock, which was later brought back to the lab for footprint identification. In a similar
manner, we constructed gutter tubes to obtain tracks from animals that were too large to fit in
the PVC tubes (Drennan et al. 1998). These gutter tubes consisted of two sections of 12cm x 60
cm (4.72in x 23.6in) K-style gutters taped together along their long edges to create an enclosed
tube. Rather than having only one open end, we positioned the bait in the center of the gutter
tube and placed an inkpad at both ends, with cardstock in between. These tubes were placed
on tree limbs and secured with bungee cords. In total, we surveyed 46 locations with 35 PVC
tubes and 11 gutter tubes and checked them on a weekly basis.

Opportunistic Encounters, Reports, and Citizen Science

In order to document as much diversity as possible, we did not want to risk excluding
unique or important observations simply because they occurred outside of a standardized
survey effort or were obtained by someone not directly affiliated with the overall survey. To
address this, we documented opportunistic encounters in which a vertebrate was encountered
outside of an official survey (e.g., when walking between buildings, driving through campus,
etc.). In addition, we utilized information from GSU students and the general public as a way
to increase our likelihood of recording species that we might not have observed ourselves. We
generated an online and a hard-copy data form that asked observers to report the species, time,
location, behavior, and any other relevant information regarding any animal they encountered
on campus. We also created a group project in the mobile application and online website
iNaturalist (https://www.inaturalist.org/projects/georgia-southern-biological-survey), which
allowed users to upload information about their sightings directly from a mobile phone or
computer. All observations that came from data forms and iNaturalist were vetted by at least
one member of the survey team before being included in the dataset. For most observations,
a photograph or video was required for approval.

Variation in Survey Intensity
The number of people who took part in each sampling effort varied widely, but we esti-

mate that more than 100 individuals were involved in sampling in some capacity throughout
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the course of our two-year survey. The most experienced individual surveyors conducted
encounter surveys and checked traps on a near daily basis. Every few months, we conducted
“Bioblitzes” in which a large group of surveyors (both experienced and inexperienced) was
split into smaller taxon-focused teams that each attempted to find as many species as pos-
sible in a day. Information about the overall project, Bioblitzes, data forms, and the iNatu-
ralist project were disseminated to multiple biology classes at GSU, including General Biol-
ogy, Environmental Biology, Field Biology, Fisheries Biology, Ichthyology, Ornithology,
Herpetology, and Mammalogy. We also presented our progress and goals at a poster session
to the public, hosted by the Georgia Southern Center for Sustainability, to garner interest
in our study. In this manner, we had researchers, students, and citizen-scientist students
engaged in both formal and informal surveys nearly continuously throughout 2015-2017.

Determining Expected Species

One of our main objectives was to assess the extent to which biodiversity (measured as
species richness) on the GSU campus reflects regional diversity. For our purposes, we con-
sidered Bulloch County the region of interest. Bulloch County is characterized by an area of
approximately 178,450 hectares, a human population size of 79,608 (United States Census
Bureau 2019), and a similar mix of natural and anthropogenically modified habitat condi-
tions as those described above for Statesboro. We tabulated vertebrate species collection
records for Bulloch County by searching the scientific literature and Georgia Department of
Natural Resources databases. However, even in the absence of anthropogenic influences, we
would not expect the GSU campus species list to perfectly match the Bulloch County spe-
cies list simply due to species-specific preferences for habitat or diet. For example, the GSU
campus does not contain any large rivers, nor does it contain any scrub or natural sandhill
habitats, yet these are found in Bulloch County. Moreover, some species are so exceedingly
rare in (or have even been extirpated from) Bulloch County that their likelihood of appear-
ing in an area as small as the GSU campus would be extremely low. We therefore created a
list of “expected species” by taking the Bulloch County list and removing certain species, as
determined from expert opinion (the authors of this study include research professors, each
of whom have over 20 years of experience working with their respective taxonomic group),
and a number of printed reference materials (Dunn and Alderfer 2011, Jensen et al. 2008,
Page and Burr 2011, Powell et al. 2016, Reid 2006), as well as online databases (eBird 2020,
Fishes of Georgia [Straight et al. 2009]). We used these same resources to designate each
species recorded for Bulloch County and for the GSU campus as either native or non-native.

Land Cover and Habitat Analysis

Habitat classification for both the GSU campus and Bulloch County was performed us-
ing ArcMap v.10.5.1 (ESRI, Redlands, California, USA). Land cover data was compiled
from the GAP/LANDFIRE National Terrestrial Ecosystems 2011 Dataset (USGS Gap
Analysis Project 2016) and clipped to the geographic extent of both areas of interest. We
used a raster analysis to determine and compare the land cover composition of the GSU
campus and Bulloch County. We also overlayed our vertebrate observations onto the survey
area, allowing us to assess campus biodiversity within each habitat type.

Results

During our two-year survey on the GSU campus, we encountered a total of 206 verte-
brate species, including 20 fishes, 126 birds, 22 reptiles, 20 amphibians, and 18 mammals
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(Fig. 3, Appendix 1). These 206 species represent 58.4% of all vertebrates that we would
expect to encounter on the GSU campus and 46.0% of all vertebrates recorded from Bulloch
County. Representation by taxon is as follows: 37.7% of the fish species we would expect
to encounter on campus and 32.3% of all fishes recorded from Bulloch County; 64.0%
and 49.8% for birds; 51.2% and 40.0% for reptiles; 60.6% and 54.1% for amphibians; and
66.7% and 43.9% for mammals (Fig. 3, Appendix 2). Of the total 206 species, nine were
non-native: Carassius auratus (Goldfish), Cyprinus carpio (Common Carp), Columba
livia (Rock Dove), Streptopelia decaocto (Eurasian Collard-Dove), Phasianus colchicus
(Ring-necked Pheasant), Passer domesticus (House Sparrow), Sturnus vulgaris (European
Starling), Rattus norvegicus (Brown Rat), and Sus scrofa (Wild Boar). Seven species were
listed on the IUCN Red List as species of conservation concern as of 2017: Chaetura
pelagica (Chimney Swift), Passerina ciris (Painted Bunting), Lanius ludovicianus (Log-
gerhead Shrike), Hylocichla mustelina (Wood Thrush), and Melanerpes erythrocephalus
(Red-headed Woodpecker) were listed as Near Threatened; Terrapene carolina (Eastern
Box Turtle) was listed as Vulnerable; and Anguilla rostrata (American Eel) was listed as
Endangered. In addition, Plethodon ocmulgee (Ocmulgee Slimy Salamander) has not yet
been assessed by the IUCN but has an extremely restricted range in southeastern Georgia.

300 -
Encountered on
. GSU Campus
Expected on
| GSU Campus
Documented in
n B Bulloch County
() -
S 200
o
Q.
w
©
L
o
o)
5
= 100 A
0 -
Fishes Birds Reptiles Amphibians Mammals
Taxonomic Group

Figure 3. Results of the vertebrate survey on the campus of Georgia Southern University (GSU),
showing the number of species encountered on campus, the number of expected species on campus
based on available habitats and rarity, and the number of species documented in Bulloch County. Spe-
cies observed on the GSU campus outside of the two-year survey period are not included. For a full
list of observed, expected, and county species, see Appendices 1 and 2.
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Outside of the two-year survey, but less than two years before the start or after the
end, we encountered an additional 14 species, including one fish, nine birds, one mam-
mal, and three reptiles (Appendix 1). If added to the 206 species from our survey period,
this represents 62.3% of all vertebrate species that we would expect to encounter on
campus and 49.1% of all vertebrate species documented for Bulloch County. Of these
additional 14 species, one reptile was non-native, Hemidactylus turcicus (Mediterranean
Gecko). One bird, Colinus virginianus (Northern Bobwhite), was listed as Near Threat-
ened by the [UCN Red List in 2017.

The proportions and types of habitats differ substantially between the GSU campus
and Bulloch County (Fig. 4). Almost 85% of the university’s campus can be classified
as developed or disturbed land, with dominant subcategories including open developed
land (33.7%), followed by low intensity (23.6%) and medium intensity (18.9%) devel-
oped land. With respect to non-developed land, GSU contains 6.8% flooded and swamp
forest and 4.6% mixed hardwood forest. In contrast, only 15.1% of Bulloch County is
classified as developed or disturbed, and the county contains much higher proportions
of flooded and swamp forest (29.7%), mixed hardwood forest (17.7%), and pasture or
hay fields (27.7%).

As expected, the number of species we documented during our survey was highly vari-
able across habitat types on the GSU campus (Fig. 5a). The least biodiversity (19 species)
was observed in agricultural habitat areas, while a total of 180 species were observed in
forested/woodland zones, and 135 species were observed in temperate flooded/open water
zones. The greatest number of unique species was documented in developed and disturbed
land cover types, with a total of 183 species encountered. However, when accounting for
land area covered by each habitat type on the campus of GSU, the patterns change (Fig.
5b): 6.5 species/ha were observed in agricultural areas, 0.6 species/ha were observed
in developed/disturbed areas, 4.7 species/ha were observed in forested/woodland areas,
and 4.4 species/ha were observed in temperate flooded/open water areas. Breaking these
habitat types down into sub-categories showed substantial variation within habitat types
as well (Fig. 6).

a) Georgia Southern University  b) Bulloch County
Note: Freshwater Marsh (0.04%) and
0.8% Sandhill (0.004%) habitats also present
but at quantities too small to visualize.

72%

Habitat Types
. Agriculture
. Developed/Disturbed
. Forested/Woodland
Temperate Flooded/Open Water

Figure 4. A comparison of relative proportions of habitat types on the campus of Georgia Southern
University a) and in Bulloch County b). Habitat type “Agriculture” includes land cover categories
“Agriculture (Row & Close Grain Crop)” and “Agriculture (Pasture & Hay Field Crop).” Habitat type
“Developed/Disturbed” includes land cover categories “Disturbed/Successional” and all “Developed”
classifications. Habitat type “Forested/Wetland” includes land cover categories “Longleaf Pine Wood-
land” and “Mixed Hardwood Forest.” Habitat type “Temperate Flooded/Open Water” includes land
cover categories “Temperate Flooded & Swamp Forest” and “Open Water.”
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in each broad habitat type on the Georgia Southern University campus.
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Discussion

Throughout two years of surveying the main campus of Georgia Southern University
(GSU), we documented almost half of all vertebrate species found in Bulloch County, as
well as nearly 60% of the vertebrate species that we would expect to encounter based on
habitat availability and rarity. Consistent with previous research (Aronson et al. 2014), we
found that developed and disturbed areas of campus exhibited a small fraction (roughly
9-14%) of the vertebrate biodiversity found in more natural areas. However, the fact that the
365-ha GSU campus could harbor such a high proportion of regional diversity despite being
considered nearly 85% developed underscores the notion that biodiversity can remain pres-
ent in relatively urbanized areas, especially when ample greenspaces are present (reviewed
in Liu et al. 2021). Although our results were likely impacted by sampling bias—more
people spent more time surveying (at least opportunistically) in developed/disturbed areas
than in forested areas—and a higher likelihood of edge/disturbed habitat species on campus
than in the county, it is likely that our findings are typical of university campuses that pos-
sess a mixture of developed and natural areas.

a) b)
20 204
© ©
g g
5 S
2 2
2 104 2 10
3 3
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o | —I i | —I_!_j_ W Fishes

Developed ~ Developed ~ Developed ~ Developed  Disturbed/ .
Agriculture (Pasture Agriculture (Row & (High (Low (Medium (Open)  Successional . Amphibians
& Hay Field Crop) Close Grain Crop) Intensity) Intensity) Intensity)
Habitat Type Habitat Type Birds
C) d) Mammals
20 20
B Reptiles

W Al vertebrates

Number of Species / ha
Number of Species / ha

Longleaf Pine Mixed Hardwood Open Water Temperate Flooded &
Woodland Forest Swamp Forest

Habitat Type Habitat Type

Figure 6. The number of species from each vertebrate group documented in each subcategory of a)
Agriculture, b) Developed/Disturbed, c¢) Forested/Wetland, and d) Temperate Flooded/Open Water
habitat types on the Georgia Southern University campus. Note that the “Open Water” habitat type
included ponds too deep to effectively sample without the use of watercraft (thus we were unable to
record any fish species in these areas), but some non-fish species were documented flying above or
swimming at the surface of such ponds.
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A number of the species encountered during our survey were species of conservation
concern, suggesting that the campus (and other urbanized areas more generally; Casanelles-
Abella et al. 2021) may be suitable for even some sensitive species. Our survey documented
one endangered fish species, one vulnerable reptile, five near-threatened bird, and an am-
phibian with a highly restricted range. Moreover, we documented several notable species
that are not necessarily of conservation concern but are not particularly abundant in semi-
urbanized areas of southeastern Georgia, including Mycteria americana (Wood Stork), Ral-
lus limicola (Virginia Rail), Piranga ludoviciana (Western Tanager), Ophisaurus ventralis
(Eastern Glass Lizard), Scaphiopus holbrookii (Eastern Spadefoot), and Castor canadensis
(American Beaver). Masticophis flagellum (Coachwhip) and Lontra canadensis (North
American River Otter) were also rather surprising, though they were encountered outside
the timeframe of the official survey. The presence of these uncommon and sensitive species,
coupled with the scarcity of non-native species (approximately 4% of the species encoun-
tered during our survey, a relatively low proportion; Guénard 2015), is likely indicative of
a healthy, intact ecosystem on the GSU campus.

Finding such a high diversity of species, especially species of conservation concern and
rare species, on a busy university campus also suggests that such areas may serve as refugia
for animals facing intense habitat loss or disturbance. Although the GSU campus and Bulloch
County show no overlap in the predominant habitat types today (Fig. 4), both the campus and
the county would have been dominated by xeric longleaf pine and mesic mixed hardwood for-
ests prior to colonial settlement (Frost 1993). Such an ecosystem was historically maintained
by anthropogenic and lightning-induced fire regimes (Van Lear et al. 2005) and therefore
would have been characterized by both mature stands and forests at various stages of succes-
sion. The fact that the GSU campus still contains longleaf pine stands, mixed hardwood forest,
wetlands, and successional areas as “greenspaces” is one of the likely mechanisms that allows
a high proportion of the county’s biodiversity to persist on the campus. Furthermore, the GSU
campus is managed by a single landowner, which has and should continue to provide oppor-
tunities for habitat and biodiversity conservation that would be more challenging on much of
the privately owned land elsewhere in Bulloch County.

The success of our survey not only shows the utility of university campuses as ideal
study sites for measuring and preserving biodiversity (Colding and Barthel 2017), but it also
demonstrates the usefulness of leveraging iNaturalist for conducting such surveys. Users of
the application can easily view and access all data, as well as contribute observations to the
dataset in the form of photographs. Although iNaturalist generally relies upon crowdsourc-
ing to identify a species in a photograph (an observation is considered “research grade” if
two thirds or more of the identifiers, who can be any users, agree upon a taxon), the program
can be made to further ensure the veracity of user submissions by requiring approval from
a qualified project leader (in this case, the authors) before being included. The accumula-
tion of large, verified datasets is thus relatively straightforward using iNaturalist, and the
long-term ease of continued data collection cannot be overstated; our iNaturalist project for
the GSU campus continues to add vertebrate observations and now includes 92 species of
arthropods, coleopterans, and odonates as well. As we and others have found, undergradu-
ate students became particularly interested in the iNaturalist project (Niemiller et al. 2021),
making it an ideal tool to develop further teaching (e.g., Course-based Undergraduate Re-
search Experiences, Dolan 2016) and outreach to local communities and/or K—12 schools.

Here, we demonstrate that university campuses and other semi-urbanized areas with
greenspaces are important sites for assessing, monitoring, and maintaining biodiversity. We
found a degree of species richness on campus that reflects nearly 60% of what we might
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expect to find based upon the available habitat types, including several rare species and
species of concern for which habitat availability is likely limiting. We show that university
campuses can leverage existing expertise of professors and graduate students and the avail-
ability of willing and able undergraduate surveyors to quantify and curate biodiversity data.
While we recognize that GSU represents a particularly favorable campus for a vertebrate
survey due to the rich biodiversity of the region and the easy access to a great number of lo-
cal scientists and citizens (which may limit GSU’s broad representation of other campuses),
we strongly encourage universities around the world to conduct similar biodiversity inven-
tories so that broad comparisons and generalizations can be made in the future. Moreover,
the long history and probable future permanence of universities make these institutions
ideal settings in which to begin or continue long-term biodiversity studies, the results of
which can be used to assess species and population trends through time in an ever-changing,
increasingly urbanized world.
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