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Effective Camera Trap Snake Surveys at a Rarely  
Accessible Longleaf Pine Savanna

Global reptile population declines and extirpations have 
received increasing recognition over the last twenty years 
(Gibbons et al. 2000; Todd et al. 2010; Doherty et al. 2020), but 
quantitative data supporting most assertions have been slow 
to accumulate. This lack of data has led to uncertainty in the 
global status and distribution of many reptile populations 
as well as the potential causes of declines (Todd et al. 2010). 
Obstacles to determining the status of reptile populations 
include detectability factors related to the organism (e.g., 
cryptic coloration and behavior), the survey approach (e.g., 
method, season, daily timing, environmental conditions), and 
the scale of the assessment (e.g., local, regional, ecosystem-
wide). Most reptile decline concerns stem from perceived 
range-wide contractions of species’ distributions, and as such, 
status assessments of target reptile species frequently demand 
population data collected in methodologically or statistically 
comparable ways at regional to ecosystem scales. The time, 

resources, and collaboration required to collect sufficient data 
at such large spatial scales are rarely obtainable due to a lack 
of funding, problem-solving, and continued engagement by 
adequately trained and dedicated biologists (e.g., Fritts et al. 
2000). However, new survey and monitoring techniques can 
potentially reduce these resource demands for certain reptile 
species.

In particular, rare and secretive snake species with low 
occupancy and detection rates are expensive to monitor and 
study using traditional box traps with drift fences and other 
types of surveys (Kéry 2002; Burgdorf et al. 2005; Steen 2010; 
Adams et al. 2017). Active survey methods such as opportunistic 
surveys can be very effective, but have a high observer bias, 
while other survey methods, like road surveys, coverboards, or 
drift fence/traps or stand-alone funnel traps may be less biased, 
but situationally productive (Dorcas and Willson 2009). For rare 
snakes, all these methods are often labor intensive, with traps in 
particular requiring daily or every other day checking.

Recent research suggests that time-lapse-triggered camera 
traps combined with drift fencing can be more effective and 
efficient at detecting certain species of snakes than traditional 
monitoring approaches that use box traps with fencing (Neuharth 
et al. 2020). This effective survey technique has already decreased 
the cost of range-wide monitoring of the extremely rare, 
federally threatened Louisiana Pinesnake (Pituophis ruthveni) 
on public and private lands as well as military installations with 
limited access (Adams et al. 2017; Neuharth et al. 2020; unpubl. 
data). With limited conservation resources, more cost-effective 
camera trapping techniques can reduce competition between 
conservation objectives like searching for relictual populations 
(e.g., Anderson et al. 2020) or monitoring new populations from 
reintroduction programs (USFWS 2018), both of which require 
large survey efforts for a small number of individuals.

Additional benefits stemming from a more cost-effective 
design are that camera traps can be operational for longer 
periods than box traps are in most cases, including months 
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outside of what might be considered the normal activity season 
of most snakes, or reptiles in general. Extending survey duration 
at negligible cost could be valuable in detecting shifting activity 
norms for reptiles under a changing climate (Henle et al. 2008; 
Le Galliard et al. 2012). While increasing survey duration, camera 
traps also allow more fine-scale monitoring of snake behaviors. 
Researchers can record exact dates, times, temperatures and 
other weather variables at the moment that snakes are detected 
using camera traps. Box traps allow only limited monitoring of 
snake activity at a resolution that depends on the frequency of 
box-trap checks, and frequent box-trap checks may be limited 
by constraints on trap access (e.g., military training, conflicting 
landowner activities, pandemic travel restrictions). By decreasing 
cost and increasing efficiency, time-lapse-triggered camera traps 
combined with drift fencing can help remove obstacles to snake 
status assessments by being operational daily over longer survey 
periods under variable environmental conditions, collecting 
data in methodologically and statistically comparable ways at 
regional to ecosystem scales (Neuharth et al. 2020).

Here, we describe the results of a time-lapse-triggered camera 
trap study designed to survey for snake species known to be 
residents of Longleaf Pine (Pinus palustris) forests and savannas. 
Prior to European settlement, Longleaf Pine forests were one of 
the most extensive ecosystems in North America, stretching from 
southeastern Virginia to east Texas, but recent estimates suggest 
that only about 2.2% of the original area remains, making it one 
of the most threatened ecosystems in North America (Jose et al. 
2006). As a result, many of the snake species considered Longleaf 
Pine savanna specialists (i.e., all or most of the species' distribution 
is in Longleaf Pine savanna) are in decline, or perceived to be, 
and require extensive monitoring (Means 2006). For example, 
the Eastern Indigo Snake (Drymarchon couperi) is a federally 
threatened species whose recovery requires extensive monitoring 
to find and protect relictual populations or create new populations 
within the range of the species (USFWS 2018). The Eastern 
Pinesnake (Pituophis melanoleucus), Eastern Diamond-backed 
Rattlesnake (Crotalus adamanteus), and Southern Hog-nosed 
Snake (Heterodon simus), other residents of Longleaf Pine forests 
and savannas, are also thought to be in decline throughout their 
range, and have been petitioned for federal listing, although the H. 
simus listing was recently deemed not warranted (Tuberville et al. 
2000; Means 2006; USFWS 2019). We conclude with a discussion 
of the benefits and limitations of using this time-lapse-triggered 
camera approach to survey and monitor for snake species within 
Longleaf Pine forests and savannas.

materiaLs and metHOds

We deployed 33 time-lapse-triggered camera traps (Reconyx 
PC800 Professional, default settings) at equal distances (ca. 170 m) 
along the silt-fence perimeter of three different Gopher Tortoise 
(Gopherus polyphemus) soft-release enclosures within long-
leaf pine savanna habitat at Eglin Air Force Base (EAFB) in the 
Florida panhandle, USA (Fig. 1). The D. couperi Biological Opinion 
(USFWS 2018) and G. polyphemus translocation program at EAFB 
dictates that long-leaf pine savanna habitat be managed with 
prescribed fire to increase open canopy, reduce mid-story growth, 
and allow for increased herbaceous vegetation. We named the 
three enclosures surveyed A, B, and C, and each was 31, 41, and 20 
ha, respectively. Enclosures A and B were 1.4 km apart, and each 
of them were 10.5 km and 11.6 km away from C, respectively. In 
addition, all enclosures were less than 0.5 km from permanent 

water (e.g., ponds, streams), although enclosure A was closest to 
permanent water (ca. 200 m from a 47-ha wetland).

Initially on 23 February 2018, we placed 18 and 15 cameras 
around A and B, respectively. After C was constructed, we removed 
four cameras each from A and B on 9 May 2018 and placed seven 
of those cameras along the perimeter of C, at 170 m spacing. 
We mounted cameras on u-posts facing down the fence line, 
ca. 1 m above the ground, and at an angle of 10 degrees from 
perpendicular. We programmed cameras to take a picture at a 
1-min time interval from 0500–2100 h over the following dates: 23 
February 2018 to 18 November 2018 at A and B, and 9 May 2018 
to 18 November 2018 at C. We chose these dates to coincide with 
the release of Gopher Tortoises into the pens, and by starting in 
February, we surveyed a portion of the early activity period of 
D. couperi (Stevenson et al. 2003). We serviced the cameras (i.e., 
changing batteries and SD cards takes less than 2 min per camera) 
approximately every six weeks, although the time interval varied 
from 32–57 d (mean = 43.7 d) due to variation in base access.

From these camera trapping intervals, we manually scored 
images for D. couperi and other commensal snake species at 
an average rate of 10,000 images per hour. We identified snakes 
detected to species or genus when possible, or recorded it as an 
“unknown snake”. We considered a series of strictly consecutive 
images for an individual snake as a single observation made at the 
date and time of the first picture in the series. Even a single picture 
gap in the snake presence in the picture (i.e., a single “empty” 
image) would start a new observation.

resuLts

Over the 9 months the 33 cameras were running, we gathered 
a total of 6,788,710 images (total images with and without snakes). 
In time-lapse-triggered camera surveys around the enclosures, 
we collected a total of 808 snake observations which yielded 
604 (74.8%) detections of 14 species that could be identified to 
the species level (Table 1). Of the 204 (25.2%) snake detections 
remaining, we identified 22 observations to genus (e.g., Heterodon, 
Nerodia), 1 to family (e.g., Viperidae), with 181 remaining 

Fig. 1. One of many time-lapse-triggered camera trap images with 
basking or moving Gopher Tortoises and snakes (in this case, Het-
erodon platirhinos) captured together within Gopher Tortoise soft-
release enclosures at Eglin Air Force Base in the Florida panhandle, 
USA. In each instance, both species appeared to simply move around 
one another.
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unknown. Lack of snake identifications primarily resulted from 
the snake being too far from the camera, night-time images 
having washed out identifying characteristics, and/or cover 
from vegetation. We frequently detected the following species of 
conservation concern at the enclosures, using the camera traps: 
15 C. adamanteus (petitioned for listing as federally threatened or 
endangered), 25 H. simus (vulnerable Florida Conservation Action 
Plan), and nine P. melanoleucus (petitioned for listing as federally 
threatened or endangered), which had at least one detection 
per enclosure. We detected no D. couperi, including among the 
unknown snakes, where we eliminated D. couperi as a possibility. 
Notably, we detected other small commensal species like the 
Gopher Frog (Rana capito; N = 12), which has been petitioned for 
federal listing (USFWS 2015).

We detected a total of 604 snakes yielding 14 species at 
A, 186 detections yielding 12 species at B, and 15 detections 
yielding four species at C (Table 1). We commonly detected 

Coachwhips (Masticophis flagellum), Eastern Hog-nosed Snakes 
(H. platirhinos), and North American Racers (Coluber constrictor) 
at A and B, but of those, only M. flagellum was detected at C. 
Two species were only detected at A: Southern Watersnakes (N. 
fasciata) and Gray Ratsnakes (Pantherophis spiloides).

We detected snakes during our entire camera trapping season 
from 23 February to 11 November 2018 (Fig. 2A). We detected 
snakes at all times of day while the cameras were operational, 
with a peak in detections between 0900–1200 h (Fig. 2B). Camera 
temperatures for snake detections varied from 16°C on 7 March 
2018 for a basking H. platirhinos to 40°C on 1 September 2018 for 
a crawling H. simus. In addition to those snake behaviors, we also 
detected behaviors such as climbing, periscoping, and shuttling in 
and out of G. polyphemus burrows (Fig. 3). We captured basking or 
moving snakes and G. polyphemus together in numerous images 
(Fig. 1), and in each instance, both species appeared to simply 
move around one another.

taBLe 1. Number of observations (sets of pictures) of snake species observed at each en-
closure. * = snake species of conservation concern.

Scientific name Common name A B C

Agkistrodon piscivorus Northern Cottonmouth 26 1 0

Cemophora coccinea Scarletsnake 1 3 0

Coluber constrictor North American Racer 203 28 0

Crotalus adamanteus* Eastern Diamond-backed Rattlesnake 8 7 0

Heterodon platirhinos Eastern Hog-nosed Snake 69 20 0

Heterodon simus* Southern Hog-nosed Snake 10 15 0

Heterodon spp. hog-nosed Snakes 16 5 0

Masticophis flagellum Coachwhip 48 36 6

Micrurus fulvius Harlequin Coralsnake 23 8 2

Nerodia fasciata Southern Watersnake 15 0 0

Nerodia spp. watersnakes 0 1 0

Pantherophis guttatus Red Cornsnake 1 5 1

Pantherophis spiloides Gray Ratsnake 1 0 0

Pituophis melanoleucus* Eastern Pinesnake 4 4 1

Sistrurus miliarius Pygmy Rattlesnake 34 11 0

Thamnophis sirtalis Common Gartersnake 2 11 0

unknown snake unknown snake 145 31 5

Fig. 2. Number of snake observations (A) per Julian Date and (B) per hour. Data were aggregated from all time-lapse-triggered cam-
era traps across all enclosures.
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disCussiOn

The 14 snake species detected using this time-lapse-triggered 
camera trap approach represented approximately half of the 
snake species known from longleaf pine savannas at EAFB, 
although there were some notable species not detected (Means 

2006). Still, a wide variety of activity types and feeding strategies 
were represented in this collection of snake species. Active, 
surface-foraging M. flagellum and C. constrictor were frequently 
detected, and more fossorial species, like H. platirhinos and 
H. simus, were not uncommon in the dataset. Even burrowing 
Scarletsnakes (Cemophora coccinea) and P. melanoleucus were 

Fig. 3. Examples of snakes observed with time-lapse-triggered camera traps on Eglin Air Force Base, Florida, USA: A) Southern Watersnake 
(Nerodia fasciata); B) Harlequin Coralsnake (Micrurus fulvius); C) Coachwhip (Masticophis flagellum); D) North American Racer (Coluber 
constrictor); E) Eastern Pinesnake (Pituophis melanoleucus); F) Eastern Diamond-backed Rattlesnake (Crotalus adamanteus).
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detected at multiple sites. Ambush foraging Pygmy Rattlesnakes 
(Sistrurus miliarius) and C. adamanteus as well as Northern 
Cottonmouths (Agkistrodon piscivorus) were also relatively 
common in the dataset.

Small, fossorial snake species (e.g., Storeria dekayi, S. 
occipitomaculata, Haldea striatula, Virginia valeriae) and 
kingsnakes (e.g., Lampropeltis calligaster, L. getula, L. triangulum) 
were not detected. The lack of small species detections is most 
likely explained by the horizon-facing position of the camera, 
which favors detection of larger snakes at the expense of smaller 
ones. Recent studies using time-lapse triggered cameras to survey 
snakes in similar habitat in east Texas, USA suggest that this size-
bias in detection can be reduced by pointing cameras downward, 
so they directly face the ground (Anderson et al. 2020; Neuharth 
et al. 2020). The lack of kingsnake detections is more difficult to 
explain, as they are wide-ranging species found in other grassland 
habitats (Means 2006). Nearly a quarter of snake detections in the 
dataset, many of them made during low-light conditions, were not 
identified to species. Given that kingsnakes can shift activity to 
evening hours during summer months (Means 2006), it is possible 
that these species were captured by cameras but not identifiable 
in images due to lack of light. Time-lapse triggered cameras can 
be set with a flash to detect snakes active at night or in low-light 
conditions, but camera batteries will need to be changed more 
frequently to compensate for greater power loss from repeated 
flash use.

There was also habitat heterogeneity across the three sites 
and some variation in adjacent habitats, which can be seen in 
the varying A. piscivorus and watersnake detections across sites. 
The high number of detections for these species at A most likely 
reflected the proximity (ca. 200 m) of that enclosure to a 47-ha 
wetland. Relative variation in detection rates for other species 
across sites, some common (e.g., Harlequin Coralsnake [Micrurus 
fulvius], Common Gartersnake [Thamnophis sirtalis]) and some 
rare (e.g., Gray Ratsnake [Pantherophis spiloides], Red Cornsnake 
[P. guttatus]), are more difficult to explain, but might be due to 
habitat heterogeneity across sites or simply low sample sizes, 
respectively.

Although no D. couperi were detected, this time-lapse-
triggered camera trapping technique proved to be effective at 
detecting other snake species considered rare or secretive (e.g., 
C. adamanteus, H. simus, and P. melanoleucus), which suggests 
that D. couperi could have been detected if present. With only 28 
documented sightings of D. couperi since 1956, and no sightings 
since 1999 (J. R. Preston, pers. comm.), it is possible that the snake 
is extirpated at EAFB and unable to recolonize restored suitable 
habitats throughout EAFB without assistance. Alternatively, 
the species may persist in low numbers at EAFB, but remain 
undetected due to the low survey success of traditional methods 
of detection involving burrow scopes that are difficult to navigate 
around tight burrow corners or G. polyphemus occupants (USFWS 
2018). To increase probability of D. couperi detection, additional 
search methods away from G. polyphemus burrows have been 
recommended, including searching for tracks in the sand, shed 
skins on the surface, and using dogs to locate individuals or their 
feces (USFWS 2018). We believe that the time-lapse-triggered 
cameras combined with drift fences described here (see also 
Neuharth et al. 2020; Anderson et al. 2020) provide a systematic 
survey technique that can be efficiently scaled up to sample 
installation-wide, regionally, or range-wide for D. couperi.

There are some limitations to the time-lapse camera trap 
methodology. Battery life varies based on the frequency of image 

capture timing (i.e., longer intervals mean longer battery life; 
this study, Adams et al. 2017) and time-lapse-triggered image 
capture reduces battery life faster than infrared-triggered image 
capture. Modifying the cameras for use with solar panels may 
be a relatively inexpensive and more environmentally friendly 
alternative to batteries but may also introduce logistical 
challenges if solar panels require more frequent maintenance 
(unpubl. data). There are also some alternative camera trapping 
approaches that may improve infrared methods, making them 
more applicable to future research. These include: the Adapted-
Hunt Drift Fence Technique (AHDriFT), where there is a fixed 
focal length camera stationed in the top of an 18.9 L bucket, 
with the bucket having a narrow opening overlapping with the 
camera’s infrared bands, increasing likelihood of triggering 
(Martin et al. 2017); the HALT trigger, a modification with an 
external near infrared (NIR) beam mounted above and parallel to 
an elevated threshold that reptiles can crawl over, triggering the 
camera (Hobbs and Brehme 2017); and The Camera Overhead 
Augmented Temperature (COAT) system, which includes a 
30 × 30 cm cork board on the ground under the camera to 
present a more uniform background temperature as well as 
provide a higher temperature differential between the cork, the 
surrounding landscape, and the animals crossing it (Welbourne 
2013). More recent research has shown that this last method is 
improved using time-lapse triggers in conjunction with infrared-
triggers (Welbourne et al. 2019).

As this time-lapse-triggered camera trapping technique is 
used more frequently to monitor or search for rare and secretive 
snake species, it will be important to use the data gathered to 
develop detectability profiles for those species. Months and times 
of activity as reported here, along with field of view specifications 
(i.e., camera height and orientation) and time-lapse intervals 
necessary for detection based on species’ size, rate of movement, 
and other behaviors will be critical information for detectability 
profiles. In addition to date and time stamps, moon phase, 
precipitation, and ambient temperature at the time of detection 
could also be collected for each image and incorporated into 
detectability profiles (e.g., Eskew and Todd 2017). While these 
detectability profiles will be most valuable in improving long-
term monitoring of rare species that exhibit secretive behaviors 
such as D. couperi (USFWS 2018) and P. ruthveni (Anderson et al. 
2020; Neuharth et al. 2020), the long-term records of fine-scale 
temporal activity generated will also help capture predicted 
shifts in snake activity over time with changing climates (Henle 
et al. 2008; Le Galliard et al. 2012).

For research applications that require data collected from 
animals in-hand (e.g., morphology, mark/recapture, genetics), 
this time-lapse-triggered camera trap may be used to first 
establish presence or activity and determine a detectability 
profile for the target species in that area, and then be replaced 
by a traditional box trap for efficient species capture. While this 
additional start-up equipment (i.e., cameras plus box traps) 
increases costs at the beginning of research or monitoring 
projects (Kays and Slauson 2008; Long et al. 2008), that additional 
cost is offset by savings in travel and personnel costs from not 
having to check box traps on a daily schedule over several years 
(Adams et al. 2017). Monthly camera trap maintenance (e.g., 
change batteries and SD cards), as opposed to daily box trap 
checks, also minimizes interactions with private landowners 
and conflicts with mission activity at busy military installations 
like EAFB, as well as problems of trap shyness or mortality due 
to trap predation or sudden weather changes (Fogarty and Jones 
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2003). In summary, this time-lapse triggered camera trapping 
technique provided a less intrusive and more cost-effective 
alternative, or complement, to traditional box trapping methods 
for snakes, which allowed research and monitoring applications 
where access to study locations was not always available.
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