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Abstract
The federally endangered Schaus’ swallowtail butterfly (Heraclides aristodemus ponceanus) inhabits protected subtropical dry
forests on several islands in the northern Florida Keys. The larval and pupal stages are particularly vulnerable to native and non-
native predators; however, few published research and reports have identified and quantified predator impacts. Video documen-
tation presents an opportunity to corroborate anecdotal observations (predation events) with empirical evidence. Even in remote
areas where electricity is not available, a video surveillance system powered with renewable energy can be used where moni-
toring wildlife would otherwise be difficult. We documented wildlife activity after captive-bred Schaus’ swallowtail caterpillars
were released in the field (Key Largo, USA). Video footage revealed two cardinals (Cardinalis cardinalis) captured three Schaus’
swallowtail caterpillars within the first 8 h of release. Two caterpillars survived and were active at night. Five butterflies were
identified flying onscreen, including the imperiled Florida white (Appias drusilla). A solar powered video surveillance system
step-by-step guide with a material list and cost is presented in this paper. The materials and methods can be modified to suit
researchers’ needs. The video surveillance system can identify culprit species and quantify encounter rates between prey and
predators remotely.
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Introduction

The federally endangered Schaus’ swallowtail butterfly
(Heraclides aristodemus ponceanus Schaus) is confined to
subtropical dry forests in the northern Florida Keys (Bibb
and Hughes 2007; Minno et al. 2012). Since being upgraded
to endangered in 1984, population counts have varied over the
years with significant increases following years after captive-
bred releases (Daniels pers. comm. Daniels 2017).
Unfortunately, high numbers could not be sustained.

Mechanisms leading to population declines are not well-un-
derstood, and still under investigation. Predator exclusion ex-
periments, surrogate species, and artificial caterpillars have
been used in investigations to determine and quantify predator
impacts against caterpillars in the field, without continuous
observations (Castellanos et al. 2015; Seifert et al. 2015;
Seifert et al. 2016; Clayborn and Koptur 2017).

Video documentation has helped scientists and park man-
agers monitor wildlife and implement strategic plans to con-
serve residential and transient populations (Gula et al. 2010;
O'Connell et al. 2011). Traditionally, camera traps have been
used because of their reliability, convenience, and cost
(O'Connell et al. 2011). Digital cameras can be positioned to
document species that occupy or routinely visit familiar
spaces (Grieshop et al. 2012; Steen and Mundal 2013;
Walton and Grieshop 2016; Kistner et al. 2017). However,
the amount of battery storage, and space for batteries, in digital
cameras limits battery life to several hours or days. Outdoor
security cameras designed to monitor human activity around
homes and businesses can alternately be utilized for long-term
wildlife investigations in the field (Grieshop et al. 2012; Zou
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et al. 2017). There are three caveats: 1) enough power to run
the cameras, 2) cost, and 3) footage observation fatigue
(Grieshop et al. 2012; Kistner et al. 2017; Zou et al. 2017).
This paper addresses #1 and #2.

Materials and methods

Outdoor security cameras assembled
for investigations

Weatherproof security cameras (720p resolution) connected to
a network video recorder (NVR)were used to record caterpillar
activity in the field. Detection and identification of small ar-
thropods required cameras to be positioned closer to caterpil-
lars (<2 m) than cameras monitoring larger wildlife. The NVR
system with two attached cameras used approximately 36Watt
(W) per hour (measured with an electricity usage monitor).
Each additional camera added 5 W to the NVR system.

The NVR system, with two cameras, used 36 W/h, total-
ing 864 W h/day. Experts recommend batteries should sup-
ply sufficient power for 3 days without sun, based on un-
foreseen prolonged periods of clouds and inclement weath-
er; however, subtropical and tropical regions, in general,
receive more solar exposure. We selected 1 day of backup
power needed to run the NVR system with little to no sun-
light. The trade-off was cost, because more batteries were
needed as backup power increased (Table 1). Lower tem-
peratures (<27 °C) negatively affect battery effective capac-
ity, which is less problematic in the tropics; however, batte-
ries and the NVR system should not be exposed to extreme-
ly hot temperatures, and should be placed in a protected,
shady location. At the selected temperature of 27 °C, our
battery bank capacity was 2,186 W h. The battery bank
voltage was 12, which totaled 183 Ampere hours (Ah) need-
ed to power the NVR system. Two 100 Ah lead-acid batte-
ries were obtained to power the NVR system. There are

many types of deep cycle batteries capable of repeated dis-
charges with varying costs and weights. Lithium batteries
are light and easy to transport to a given field site, they can
also be discharged more each cycle than traditional lead-
acid batteries; their only drawback is they cost more than
traditional lead-acid batteries.

The batteries were arranged in parallel (red to red or nega-
tive to negative and black to black or positive to positive)
using battery cables (size 2/0 for this system) to double output
capacity (200 Ah). If batteries were arranged in series, they
would have increased voltage (24 V) but maintained output
capacity (100 Ah). The AC/DC inverter was connected (using
two size #2 American wire gauge [AWG] cables) directly to
one battery; however, the inverter could also have been con-
nected directly to the charge controller. American wire gauge
standards apply to countries in North America. The AC/DC
inverter changed direct current to alternating current, which
was needed for the NVR system.

Solar panels were added to keep batteries charged and con-
tinuously power the NVR system. Total wattage of solar
panels depends on location, but more broadly latitude.
Miami, Florida (USA) was selected, located slightly above
the Tropic of Cancer; however, world solar insolation values
were available (https://www.altestore.com/howto/solar-
insolation-map-world-a43/) to manually enter average sun-
hours. The insolation values given were based on the
shortest amount of sunshine in an area. Total wattage needed
was 250 W to keep batteries charged daily throughout the
year, which meant five panels at 50 W or three panels at
100 W each. Individual panels were connected to the other
panels leading to one wire with one positive end and one
negative end. Both ends were connected to a charge
controller (21 amps for 50 W solar panels and 25 amps for
100 W solar panels). The charge controller regulated the
amount of energy flowing from the solar panels to the
batteries, and switched off the solar power when batteries
were fully charged.

Table 1 Equipment itemized list
with costs. Prices vary country to
country. Solar panel and battery
costs continue to decrease. Some
items such as wires might be
available for free (for example,
recycled and scrap wires). Storage
containers (to protect equipment
from inclement weather), solar
panel mounts, and a small stand
(to keep equipment off the
ground) are not included in the
table

Items Price Range

Solar panel (250 W, 12 V) $300 – $400

Charge controller (25–30 Amp) $30 – $50

Rechargeable batteries (×2, lead-acid) $400 – $500

AC/DC inverter $50 – $100

Network video recorder (4 cameras, 30 fps, 1 TB hard drive) $250

Wire – #8 AWG THHN Copper (solar panel to charge controller) $40

Wire – 2/0 gauge battery cable (batteries in parallel) $10

Wire – 2/0 gauge battery cable (batteries to charge controller) $10

Wire (AC/DC inverter to charge controller) $10

Total costs $1100 – $1370

Amp Ampere, AC Alternating Current, AWG American Wire Gauge, DC Direct Current, fps frames per second,
TB Terabyte, THHN Thermoplastic High Heat-resistant Nylon – Coated, W Watt, V Volt
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Application in the field

Two outdoor security cameras were positioned (≈ 1.5 m) near
five Schaus’ swallowtail caterpillars (3rd and 4th instar) rest-
ing on a wild lime tree (Zanthoxylum fagara; host plant) in a
subtropical dry forest in Key Largo, Florida, USA (July 2018).
The cameras were connected to a network video recorder
(NVR), which was plugged into a continuous power 600 W
pure sine AC/DC inverter and powered by two 12 V 100 Ah
deep cycle batteries. The batteries were arranged in parallel to
double the output capacity (100 Ah→ 200 Ah). Batteries
were recharged (daily) by two 100 W (200 W total) solar
panels positioned to capture the most sunlight in the area

(facing south, tilted at 10°). Wires attached to the AC/DC
inverter, batteries, and solar panels were connected to a 30-
Amp charge controller to regulate energy flow and transfer
throughout the entire system (Fig. 1). The system ran contin-
uously for 4 days. Video documentation captured 4 days and 3
nights of footage. The NVR system was turned off by the
researchers (after 4 days) when the majority of Schaus’ swal-
lowtail caterpillars were no longer detected on wild lime trees
at the release site. Video footage was processed independently
by the authors; afterward, detailed notes were corroborated.
Each author watched 6 h of video footage a day (12 total hours
– two cameras) and alternated between normal and 2× speed
(fast-forward) to document wildlife and interactions (≈ 7

Fig. 1 Diagram displaying equipment set up. Solar panels charge
rechargeable batteries daily. The charge controller regulates energy flow
into the battery and turns off the load when power becomes insufficient
(low voltage). The network video recorder (NVR) is powered by the
rechargeable battery and runs continuously. Multiple batteries can be

assembled together in parallel to increase output capacity (more energy
storage). The NVR is designed to use alternating current. The AC/DC
inverter converts direct current (DC) from the battery into alternating
current. The surveillance cameras are weatherproof and can record
wildlife activity day and night
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working hours). Observations and analyses took 16 days to
complete.

Results

On camera #1, one Schaus’ swallowtail caterpillar was active
and crawled around several wild lime branches and then dis-
appeared out of view. During the 7th hour (≈ 7:11 pm), a
female cardinal (Cardinalis cardinalis) landed on a wild lime
branch and abruptly grabbed the hidden caterpillar behind the
leaves. The other caterpillar remained in view of the camera
and rarely moved until the 7th hour (≈ 7:13 pm) of recording
when a male cardinal landed on a wild lime branch near the
caterpillar, investigated the area, and promptly grabbed the
caterpillar and flew away.

On camera #2, a female cardinal (possibly the same
one) inspected several wild lime branches multiple times
(including disturbing the branch) and then promptly
grabbed a Schaus’ swallowtail caterpillar (≈ 4:26:33–
4:27:43 pm). At 4:29 pm, a female cardinal had a caterpil-
lar dangling from its beak in the background on the forest
floor (possibly the same or another caterpillar captured
offscreen). The other two Schaus’ swallowtail caterpillars
survived and became moderately active at night (≈
10:00 pm). At 10:36 pm, one Schaus’ swallowtail caterpil-
lar molted and then disappeared permanently offscreen at
10:47 pm. Other species observed in the video footage are
listed in Table 2. They did not directly interact with the
Schaus’ swallowtail caterpillars.

Discussion

A pair of cardinals frequented the area as viewed by the surveil-
lance cameras. On record, they captured 4 caterpillars (3 con-
firmed Schaus’ swallowtail). Their frequent activity in the area
suggested they were a nesting pair foraging for food and nesting
material, which was problematic because federally endangered
caterpillarswere released in their territory.Consequently, this video
documentation provides more evidence of predator-prey interac-
tions between birds and caterpillars (Heinrich and Collins 1983;
Seifert et al. 2015). A hard release (direct release into the environ-
ment with no further care) of endangered caterpillars back into the
wildmight require a strategic plan to protect them in the short-term
(soft release) against predators (Clayborn and Koptur 2017).
Continued video documentation will assist in developing proto-
cols to reduce caterpillar predation.

Video documentation, using weatherproof security cameras
connected to a NVR powered by batteries and recharged with
solar panels, presents an opportunity to record wildlife behav-
iors, including abiotic and biotic interactions in the environment
beyond camera traps (Grieshop et al. 2012; Zou et al. 2017).
The renewable power package allowed the researcher to con-
tinuously power the NVR system with minimal distractions
towards the caterpillars. The Schaus’ swallowtail caterpillars
were monitored for 4 days; however, the NVR system used to
record caterpillar activity had the potential to monitor activity
for several weeks. Two cameras recording at 30 frames per
second (fps) with a 720p resolution could record wildlife activ-
ity for 36 days with two terabytes of hard drive storage (calcu-
lations derived from https://www.lorextechnology.com/articles/
NVR-DVR-Hard-Drive-Storage-Calculator). The cameras

Table 2 Other notable species observed in the video footage included:
camera #1–1) a Julia butterfly caterpillar (Dryas iulia) that rapidly
crawled on vegetation onscreen and then disappeared offscreen
(5:55 pm); and 2) a Mediterranean gecko that jumped on a branch,
rested, and then crawled away offscreen (9:30 pm); camera #2–1) five
identified butterfly species that flew in the area: male and female Julias
(Dryas iulia), great southern white (Ascia monuste), the imperiled Florida

white (Appias drusilla), a large orange sulphur (Phoebis agarithe), and a
cassius blue (Leptotes cassius); 2) a large sphinx moth that flew across the
screen (10:30 pm); and 3) two small and medium-sized bark anoles
(Anolis distichus) that frequently patrolled and defended their territories
on a large fallen trunk near the Schaus’ caterpillars on the wild lime
(Zanthoxylum fagara); however, there were no interactions between cat-
erpillars and anoles

Camera #1 Camera #2

Species Observed Species Observed

Butterfly Butterflies

**Julia caterpillar (Dryas iulia) **Julia butterfly (Dryas iulia)

Reptile **Great southern white (Ascia monuste)

****Mediterranean gecko (Hemidactylus turcicus) *Florida white (Appias drusilla)

**Large orange sulphur (Phoebis agarithe)

**Cassius blue (Leptotes cassius)

Moth

**Sphinx moth (Sphingidae)

Reptile

***Bark anole (Anolis distichus)

****invasive species | ***exotic species | **native species | *native and imperiled species
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used by the NVR were Internet Protocol (IP). These cameras
can send and receive data through a computer and the internet,
which is beneficial to the researcher if an internet connection is
available.

The Schaus’ swallowtail butterfly’s complete life cycle has
not been recorded in the wild. We do not know the quantified
impacts of the myriad species with which the various stages of
the life cycle interact, including 1) nearctic-neotropical mi-
grant birds and residential birds, 2) exotic ants and native ants,
3) parasitoids and predatory wasps, 4) beetles and spiders, 5)
reptiles and treefrogs, and 6) other unknown predators (Bibb
and Hughes 2007). Video documentation could help re-
searchers discover the whereabouts of Schaus’ swallowtail
chrysalises in the wild, information that has not yet been re-
vealed by any other means.Many other imperiled Lepidoptera
may reveal their secrets using this kind of sustainable, remote
video surveillance system, permitting us to fill in gaps in life-
history knowledge.
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