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Eliciting a predatory response in the Eastern Corn snake (Pantherophis guttatus)
using live and inanimate sensory stimuli: Implications for managing invasion

Abstract:

North America's Eastern corn snake (Pantherophis guttatus) has been introduced to
several islands throughout the Caribbean and Australasia where it poses a significant
threat to native wildlife. Invasive snake control programs often involve trapping with live
bait, a practice that, as well as being costly and labour intensive, raises welfare and ethical
concerns. This study assessed corn snake response to live and inanimate sensory stimuli
in an attempt to inform possible future trapping of the species and the development of
alternative trap lures. We exposed nine individuals to sensory cues in the form of odour,
visual, vibration and combined stimuli and measured the response (rate of tongue-flick
[RTF]). RTF was significantly higher in odour and combined cues treatments, and there
was no significant difference in RTF between live and inanimate cues during odour
treatments. Our findings suggest chemical cues are of primary importance in initiating
predation and that an inanimate odour stimulus, absent of simultaneous visual and
vibratory cues, is a potential low-cost alternative trap lure for the control of invasive corn
snake populations.
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1: Introduction

Invasive species are one of the greatest drivers of biodiversity loss (Lodge, 1993;
Mooney & Hobbs, 2000; Drake & Hunt, 2008). Consequently, huge effort is focused on
control and eradication programs to limit the impact on ecosystems. Unlike many other
organisms, invasive snakes are a fairly recent phenomenon (Pitt et al., 2005), fuelled
largely by the pet trade (Pimentall et al., 2000; Lever, 2003). Their elusive and resilient
nature makes invasive snakes particularly difficult to manage (Vice & Pitzler, 2000;

Sakai et al. 2001).

Invasive snakes can significantly disrupt native ecosystems, and in some cases
have caused irreversible damage (Elton, 1958; Pitt et al., 2005). This is particularly true
on islands where indigenous species have usually evolved in the absence of strong

competition, herbivory, parasitism or predation and possess various undesirable



predispositions (Savidge, 1987; Rodda & Fritts, 1992, 1999; Wiles et al., 1995). The
brown tree snake (Boiga irregularis), accidentally introduced to the island of Guam
after WWII, is a prime example. It quickly reached unprecedented numbers and
decimated native avifauna including the extinction of 12 bird species (Savidge, 1987;
Engbring & Fritts, 1988; Wiles et al., 2003). The case of the brown tree snake should be
a precautionary tale of the necessity to act immediately on invasive species. In most
cases, effective management of invasive snakes involves controlling and reducing
numbers (Clavero & Garcia-Berthou, 2005); efforts often rely on traps to capture snakes
(Engeman et al., 1998; Rodda et al., 1999). Snake traps are also commonly employed in
pest removal (often glue-based shelter traps [Knight, 1986]) and for the purposes of

research (Jenkins et al., 2003; Dorcas & Wilson, 2009).

The eastern corn snake (Pantherophis guttatus) occupies an extensive range
throughout the eastern and southern central United States, into northern Mexico. It is
reported as nocturnal, crepuscular and diurnal depending largely on latitude and time of
year (Greene, 1997). Corn snakes are slender and agile, killing prey by constriction. In
common with other snakes of the Colubridae family, they are generalist, opportunistic
hunters (Mullin & Gutzke, 1999) found in a diverse range of habitats (Ernst & Ernst,
2003), traits typical of invasive snakes (Rodda et al., 1999; Pit et al., 2005). Owing to its
docile nature and simple husbandry, the species is very popular in the pet trade and

widely bred in captivity.

Through escaped and released pets and transportation with cargo, the
“introduced range” of the corn snake has reached a global scale. Corn snakes were first
recorded in the Bahamas in the mid-1990s and have subsequently spread to several
islands where they are known to have established breeding populations (Platenberg,

2007; Questel & Vitry, 2012). Corn snakes predate on the rarest bird in the Bahamas,



the bahama nuthatch (Sitta pusilla insularis), and represent a major threat to its survival
and that of numerous other vulnerable endemic birds, lizards and snakes (Platenberg,
2007; Hayes et al. 2004; Giery, 2013). In the greater Caribbean region, there are records
from 16 different islands and islets within the Lesser Antilles, Cayman Islands, Virgin
Islands, and continental islands off the northern coast of South America (Powell &
Henderson, 2003; Perry et al., 2003; Platenberg, 2007; Questel and Vitry, 2012).
Recently, an individual was recorded for the first time on Abaco Island in 2013 (Giery,
2013), indicating the continued spread of the species. Populations are also reported in
places as disparate as Taiwan (Shiau et al., 2006), parts of Europe, South Africa (Global
Invasive Species Database, 2010) and South America (Eterovic & Duarte, 2002; Lever,
2003). In Australia, corn snakes are declared a “Class 1 Pest Species” meaning they are
subject to eradication (Page et al., 2008; Fisher & Csurhes, 2009; IUCN ISSG, 2010).
As well as pressure through predation and competition, they are a potential host for
foreign diseases (Xioa et al. 2004) and are shown to hybridise with other closely related
species (Pitt et al. 2005). The management of introduced corn snake populations does
not currently involve trapping though in many parts of the world, particularly the

greater Caribbean region, aggressive control measures are warranted.

1.1:  Sensory perception and prey detection

Sensing mechanisms in snakes gather a variety of environmental cues and, in terms of
predation, provide critical information about the type and location of prey (Cowles &
Phelan, 1958; Dullemeijer, 1961; Proske, 1969; Dukkas & Ellner, 1993). The
importance of one stimulus over another varies according to species as sensory

perception is linked with diet and predatory strategy (Chiszar et al., 1981; Vincent et



al., 2005; Saviola et al., 2012). In the process of foraging, most snakes utilise mainly

vision, chemoreception and ground-borne vibrations.

Determination of a predominate sense and how well snakes can adjust to
changes in the predatory environment has received some attention (mainly in the
colubrid genera Thamnophis, Nerodia and Boiga) along with sensory analyses of
predation and prey-trailing in pit vipers (Crotalinae) (Chiszar et al., 1977a,b; Chiszar,
1978; Furry et al., 1991; Kardong, 1993; Parker & Kardong, 2006). Furthermore,
numerous studies document heavy reliance on chemical cues during predation (Halpern
& Frumin, 1979; Kubie & Halpern, 1979; Halpern & Kubie, 1983; Saviola et al. 2012),
with vision, and interaction between the two modalities also being important (Eichholz

& Koenig, 1992; Neal et al., 1993).

Early research demonstrated the importance of prey movement for predation in
snakes (Herzog & Burghardt, 1974; Burghardt, 1978; Burghardt & Denny, 1983) and
visual cues have been shown to be crucial in the foraging behaviour of gray rat snakes
(Pantherophis obsoleta) until chemical cues are available (Mullin & Cooper, 1998).
Indeed, predators generally orient towards moving prey (Burghardt, 1966; Smith &
Watson, 1972; Lindberg, 2000) and the current effectiveness of live bait lures on Guam
may indicate the significance of movement for colubrid snakes. However, Shivik &
Clarke (1997) demonstrated that carrion is also effective in attracting brown tree snakes

into traps.

Nevertheless, identification of the importance of a single sensory cue may be an
oversimplification of foraging behaviour. In a natural predatory situation, different
sensory cues are often presented simultaneously and may interact with each other.
Shivik (1998) and Hansknecht & Burghardt (2010) showed that the loss of a single

stimulus resulted in diminished interest in brown tree snakes and mangrove saltmarsh



snakes (Nerodia clarkii compressicauda) respectively, perhaps demonstrating a synergy
between sensory cues. This effect is reported elsewhere in snakes and has influenced the
design of multisensory lures (Lankford, 1989; Chiszar, 1990; Shine et al., 2003).
Snakes, especially those with a broad diet, are likely to switch between sensory
modalities, reacting to single cues based on the context in which they are presented
(Chiszar, 1990). Therefore, the loss of one particular cue may not be equivalent to the
loss of another. Of importance to sensory lure design is the knowledge that the nature of
a cue and how it is represented may also influence its relative significance (Shivik &

Clarke, 1997).

1.2:  Aims and justification

Invasive snake control programs that incorporate trapping rely heavily on research-
based understanding of species’ sensory perception and predatory behaviour. Despite
widespread concern over invasive corn snake populations and the need for eradication
programs on a number of islands, there are very few studies into corn snake sensory
behaviour and none address trap lure design for the species’ control and management.
Here, we assess the sensory cues involved in prey detection and their relative
importance, test for synergistic interaction between combined cues, and compare
response to live (mouse) and inanimate (model) sensory stimuli. We discuss the
possibility of artificial, inanimate sensory attractants for corn snakes and their potential

as alternatives to multi-sensory lures and live bait in trapping programs.

2.0:  Materials and Methods

2.1:  Subjects and housing



We measured the response of adult corn snakes (Pantherophis guttatus) (n = 9),
consisting of four female and five male snakes, to live and inanimate sensory cues in a
controlled environment. All snakes were bred in captivity and handled regularly. Snakes
were maintained separately in 60x60x120cm vivariums at 25-30°C on a natural light-
dark cycle with appropriate enclosure design. Normal diet consisted of one or two

defrosted white mice (Mus domesticus) per week, depending on snake size.

The study was conducted at two different locations, The Seal and Bird Rescue
Trust (SBRT - Riddlington, Norfolk) and Nottingham Trent University (NTU) Animal
Unit, which between them provided the snakes for this study. For live treatments a
different mouse (n = 4) was used for each of the trials. Therefore, each snake was

exposed to the same mouse for the same treatment.

2.2:  Experimental design

During experiments, controlled and independent variables were standardised between
locations. Ambient temperature was maintained at 25-30°C, movement of observers was
minimised and the laboratory well lit. Experiments were conducted in a room absent of

other animals to minimise inadvertent sensory stimulation.

Prior to experiments none of the snakes were fed for a period of 21 days (though
they were provided with water) reflecting natural variation in food availability and to
encourage a behavioural response. Trials ran for a two week period with a different
treatment randomly assigned to each day. To prevent the effects of treatment order, each
snake was tested repeatedly using a Latin square cross-over design (Ott, 1993) to
randomly assign snakes to five groups representing sensory cues. Live cues were tested

in week one and inanimate cues in week two, summing 90 trials in total.



2.3: Trial procedure

For each treatment, the snake was transferred to the laboratory and placed under a hide
in a large vivarium (60x60x120cm) devoid of substrate, climbing material, hides, water
bowls or heating apparatus. The stimulus representing a sensory cue, live or inanimate,
was placed in a clear plexiglass container (15x15x30cm) in a separate room to prevent
premature stimulation, particularly odour. In order to minimise odour transfer,
disposable gloves were worn at all times. The snake was allowed to acclimatise for 15
minutes in the large vivarium with no disturbance before placing the stimulus container
in the centre of the vivarium and removing the hide, thus exposing the snake to the
intended stimulus. During trials absent of chemical cues the stimulus container featured
an airtight lid. The same equipment was used for all snakes and all treatments, having

been disinfected and air-dried between trials.

Snake response to the introduced stimulus was measured visually by counting
and recording the total number of tongue-flicks in a five minute period (rate of tongue
flick, RTF). Tongue-flicking in snakes is a stimulus-seeking behaviour and is activated
by detection of sensory cues (Burghardt, 1970; Chiszar et al. 1981; Burghardt & Denny,
1983; Saviola et al., 2011). Therefore, RTF is a convenient measure of a snake’s
response to external stimuli. The general behaviour of mice and snakes were observed
to ensure none were under stress during experiments. This study was granted ethical

approval by Nottingham Trent University Ethics Committee.

2.4:  Treatments



Sensory cues were partitioned to ensure the stimulus affecting RTF was the cue being
tested, i.e. to prevent sensing with any other mode. To this end, each stimulus required a
specific setup. Bedding was placed in containers for all treatments to replicate current

live traps and to standardise the stimulus container between cues.

Live cues - During live visual treatments a mouse was placed in an airtight container on
a foam mat to prevent odour transmission and to inhibit vibrations. One-way mirror film
prevented the mouse from seeing the snake. A top-vented faunarium was used for odour
trials; foam matting inhibited vibrations and cardboard surround blocked visual contact.
During live vibratory trials, a mouse was placed in the air-tight faunarium and on a
glass surface to promote the transmission of vibrations from mouse to snake. Again,

cardboard surround prevented visual contact.

Inanimate cues - A similar arrangement was used for inanimate trials. During the visual
treatment the mouse was replaced by a toy mouse of similar size and colour, and
animated with a piece of wire to simulate live mouse movement. For the odour
treatment the faunarium contained only soiled mouse bedding. For vibratory trials wire
was used to tap lightly on the glass surface in an aberrant manor. No stimulus was

provided during the control treatment, though the container was present.

A further treatment in both live and inanimate trials combined all stimuli.

2.5: Data analysis

We assessed the difference in RTF between treatments, and between live and inanimate
cues using a two-way ANOVA. Paired t-tests compared RTF between live and

inanimate stimuli for visual, vibration and odour treatments, as well as combined and



“no cues” trials. We also assessed differences in response to live odour and combined

stimuli, and inanimate odour and combined stimuli with paired t-tests.

3.0: Results

Observed behaviour ranged from no interest in sensory cues, to intense predatory
behaviour and tracking mice in containers. Although several snakes probed at

containers, none were observed striking.

Accounting for live and inanimate cues, there was a significant difference in
RTF between treatments (two-way ANOVA: Fs8 = 113.04, P < 0.001; Fig. 1) with the
greatest response to odour and combined stimuli and the lowest response to vibration
and control stimuli. Live cues elicited significantly higher RTF than inanimate cues
(two-way ANOVA: F1, g0 = 4.05, P = 0.048) though the difference varied between
stimuli. RTF differed significantly in visual (T = 3.25, N =9, P = 0.012) but not
vibration (T =1.99, N =9, P =0.082) or odour (T =0.45, N =9, P =0.667) treatments.
There was a significant difference in RTF between live and inanimate stimuli in both
combined (T =2.12, N=9, P =0.38) and “no cues” (T =2.12,N=9,P=0.21)
treatments. Finally, this study detected no significant difference between odour and
combined cues in either live (T =0.20, N =9, P = 0.844) or inanimate (T =-1.03, N =

9, P = 0.335) treatments, suggesting no synergy.

4.0: Discussion

This study shows that sensory modalities vary in their importance for prey detection in
corn snakes. Odour was clearly the most effective stimulus and the most attractive

sensory cue. It is a long-held understanding that chemical perception is conducive to



effective foraging in snakes (Chiszar et al., 1981; Shivik, 1998; Lindberg et al., 2000;
Shivik et al., 2000) though our results suggest odour is of overriding importance to corn

snakes in prey detection.

While chemical signals propagate slowly from the source and are less directional
than light, they transmit around obstacles and in darkness, are available long after the
source was present, and have the greatest potential range of any stimulus (Gillam, 2012)
allowing snakes to track and locate prey over larger distances. Odour may therefore be
more useful for prey detection in wide-ranging foraging snakes, such as corn snakes
(Sperry & Taylor, 2008), though it is believed visual stimuli are important for guiding
strikes once in close proximity to prey (Chiszar et al., 1977; Grace & Woodward,

2001). Vision has been shown to be important in prey searching (Mullin & Cooper,
1998) but it is theorised to be most effective immediately pre-strike, providing
instantaneous and accurate imaging. In the case of potentially dangerous prey, predatory
strikes must be precisely targeted to prevent a retaliatory attack. We observed tracking
behaviour only during visual trials once snakes were in close proximity to mice,

supporting this theory.

Contrary to studies with other species (Drummond, 1979; Lankford, 1989;
Heinen, 1995), corn snakes demonstrated a strong attraction to the source of the
stimulus without visual cues suggesting they are not of primary importance in prey
detection. Chemical cues, even in the absence of all other stimuli, elicited the greatest
response with snakes displaying a distinctly heightened mode of appetitive behaviour
culminating in several individuals probing the stimulus container; behaviour not seen in
other treatments. Similarly, Saviola et al. (2012) demonstrated significant increase in
predatory response to odour stimuli for four other colubrid species suggesting that for

many snakes, chemical cues play primary importance in initiating predation.



Although several individuals tracked mice during visual trials, predatory
response was significantly reduced and prey movement did not provoke the behaviour
seen in brown tree snakes (Lindberg, 2000; Shivik et al. 2000). The importance of
movement as a predatory stimulus for corn snakes, however, cannot be omitted as the
lower RTF in visual trials could be attributed to interpretation as container walls or
mirror film (not used in previous studies, e.g. Chiszar et al., 1998; Shivik, 1998; Shivik,
2000) may have obscured the snakes’ vision and meant visual cues were not accurately

represented.

Vibration trials elicited the lowest RTF and were ineffective, though again cues
may have been confounded by underrepresentation as other snake species have
demonstrated some predatory response to prey vibrations alone (Shivik, 1998; Mullin &
Gutzke, 1999; Shivik et al., 2000). The role of vibrations for prey detection in corn
snakes may be more important than our findings show, especially when visual cues are
absent, e.g. at night. However, in the presence of visual and chemical stimuli, the
influence of prey vibrations on predatory behaviour can be assumed to be secondary in

corn snakes and minimal in this study.

It is assumed that a more complete sensory image of a prey item should elicit
greater RTF. Yet, unlike Haverley & Kardong (1996), Shivik (1998), Lindberg et al.
(2000) and Shivik et al. (2000), we found no synergistic interaction between combined
stimuli. Consistent with Saviola et al. (2012), we detected no significant difference
between combined stimuli and odour alone supporting evidence further that chemical

cues are of primary importance for prey detection in corn snakes.

Inanimate visual and vibratory stimuli were unable to elicit predatory behaviour
such as the tracking of mice in live visual trials. Although previous studies have shown

that predators will select aberrant movement over normal movement (Gluesing, 1983),



our attempts to replicate the sensory cues of live mice using inanimate visual and
vibratory cues elicited the lowest RTF. In previous studies where movement was shown
to be an effective stimulant, a motorised model was used that perhaps more realistically
represented live prey (Lindberg, 2000; Shivik et al. 2000). However, of significance to
this study is the finding that odour stimuli emitted from a live source elicited no
significant difference in RTF than odour from an inanimate source. Furthermore, an
inanimate odour stimulus alone was as effective in eliciting predatory behaviour as

simultaneous visual, chemical and vibratory stimuli from a live mouse.

4.1:  Implications for trap design

Corn snakes demonstrate an unequivocal and strong attraction to chemical cues. The
effectiveness of inanimate odour stimuli presents the potential for chemical cues alone
to serve as effective trap lures without multisensory stimuli in the form of a live mouse
or complex model. This finding complements those of Frits et al. (1989) and Shivik &
Clarke (1997) who captured brown tree snakes with odour alone. Therefore, a simple
lure of prey odour may lead to similar capture rates for corn snakes as traps
incorporating live mice, though further experiments in field conditions are needed to

test this hypothesis.

4.2:  Study limitations

As discussed, snake response may have been confounded by issues of stimulus
interpretation. It is necessary to more thoroughly investigate the effects of visual and
vibratory signals and the context in which they are presented, as well as to elucidate the

influence of the look and movement of prey. It would be useful to investigate response



to alternative odours such as prey faeces, urine and blood, and dead and decaying prey.
Ontogenetic diet progression in corn snakes should also be addressed as there are

obvious implications for sensory attractants.

This study presumes that RTF is an effective and accurate measure of interest
correlated with attractiveness of stimuli. However, when tracking mice during visual
trials there were moments when tongue flicking ceased despite continued interest in the
stimulus. Therefore, amount of time with head oriented towards source of stimulus may

be a more suitable measure.

Although outcomes from previous studies have proven consistent between
laboratory and field experiments (Shivik, 1998), snakes react to a stimulus based on the
context in which it is presented (Rodda et al., 1999; Shivik et al., 2000). Therefore, the
present study should be replicated under field conditions to ascertain whether odour is
still the key stimulus and the efficacy of chemical cues in encouraging snhakes to enter

traps.

4.3: Conclusions

The findings of this study suggest it will be difficult to develop simple yet
effective inanimate visual and vibratory attractants for corn snakes based on the stimuli
provided by live mice. However, snakes showed greatest interest where chemical cues
were available, suggesting an inanimate chemical stimulus, without simultaneous visual
and vibratory stimuli, may be an effective sensory lure. It is proposed that for Corn
snakes, and species with similar predatory behaviour, alternative low-cost trap designs
(e.g. adapted ground-level funnel traps and shelter traps) baited only with prey odour

may be as successful as cage traps with more complete multisensory lures. If field trials



confirm that this is the case there will be implications for potential future snake
eradication programmes. Prey odour alone may not only be sufficient but very effective,
thereby deeming live bait redundant and addressing animal welfare issues, as well as

reducing labour costs associated with trapping of this nature.
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8.0:  Figure Captions

Figure 1: Fig. 1. Mean RTF (rate of tongue flick) (xSE) in response to live and
inanimate sensory stimuli






