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Behavioral observations were recorded for 171 (males = 
75, females = 38, radiotelemetered = 5, uncaptured = 53) 
cottonmouths (Agkistrodon p. piscivorus) in a natural and 
an anthropogenic marsh system in southeastern Virginia 
from 1995-1998.  Data were collected on snake location, 
cover object, sun exposure, activity, defensive movement, 
and defensive behavior.  Additionally, air temperature was 
recorded in the vicinity of the observed snake for each 
observation.  Most snakes were found under vegetation 
and > 0.5 m from water; however, radiotelemetered 
animals were generally found much further from water, 
and males in the anthropogenic marsh often were 
observed in water.  Most snakes were found either 
extended or coiled and fully exposed to sun regardless of 
temperature.  The majority of animals remained in place 
when approached, with all attempts to flee made at 
temperatures > 21 C.  Though aggressive behaviors 
occurred at all temperatures, large males were generally 
the only snakes to approach or strike at the observer.  
Fifty-three snakes evaded capture throughout the 
investigation.  Snakes in the anthropogenic marsh fled 
much sooner (mean approach distance before fleeing = 
4.1 m) than snakes in the natural marsh (mean approach 
distance before fleeing = 2.3 m).  Escape behavior was 
independent of the medium in which the snake was 
located or approached (land versus water).

A bstractA bstract

Reptile behavioral ecology is a fascinating field of study.  Given their 
generally unique adaptations for dealing with the world around them, 
be it habitat selection, thermal regulation, or predatory defense 
mechanisms, reptiles often provide interesting models of behavior 
(Greene, 1988; Ford and Burghardt, 1993).  In particular, snakes, 
given their limbless condition, have developed a broad array of 
behaviors suitable for study under the context of an observational-
behavioral model.  For example, snakes are known to display both 
rapid flight and active defensive behaviors when exposed to predatory 
cues (Wharton, 1969; Weldon, 1990), and are known to show 
differential habit selection to maintain an often narrow range of body 
temperatures (reviewed in Reinert, 1993).

The eastern cottonmouth (Agkistrodon p. piscivorus), a relatively 
robust and purportedly highly aggressive pitviper, was the focus of a 
large-scale ecological investigation in southeastern Virginia (Cross, 
1998).  A brief literature review indicated that some authors (Ernst, 
1992, Gloyd and Conant, 1990; Mitchell, 1994) suggest that 
cottonmouths are generally not as aggressive as reported in older 
manuscripts (e.g., Army Air Force, 1945; United States Navy, 1966), 
although they often remain in place and gape their jaws widely when 
approached, showing the white interior of the mouth; however, they 
will readily strike when molested.  Wharton (1969) demonstrated that 
cottonmouth aggressive behaviors were more readily evident at lower 
temperatures (between 4.4 C and 15.6 C), whereas escape behaviors 
were more readily evident at higher temperatures.  This trend (i.e., a 
propensity to strike at cool temperatures and flee at warm 
temperatures) has also been discussed for Thamnophis (Fitch, 1965, 
Heckrotte, 1967; Arnold and Bennett, 1984).

There were two main objectives in this study:  (1) To describe the 
behavioral ecology of the eastern cottonmouth based on field 
observations of male, female, and radiotelemetered snakes in both a 
natural marsh and an anthropogenic marsh; and (2) To examine 
behavioral differences in these three groups due to differences in 
environmental temperatures.
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Activity
Radiotelemetry subjects were found in tight coils much 
more often than were mark-recapture animals in either 
marsh.  Mark-recapture animals may have sensed the 
observer's approach well before he was close enough to 
spot them, and the extended position in which they 
were found may indicate that they were getting into a 
position from which it was much easier to flee (i.e., 
extended as opposed to coiled), or that they were 
moving and stopped upon my approach.  Alternatively, 
extended animals may have been more readily visible, 
and hence the majority of coiled animals seen were 
radiotelemetry subjects.  As a comparison, Blem and 
Blem (1995) reported that the snakes that they captured 
in Hopewell, Virginia, were almost always found 
coiled.

Cover Object
Living vegetation was the most common source of cover in 
both marshes, though most animals were found fully exposed 
to sun (see below).  Given that the majority of both of these 
habitats is covered by marsh plants, it is not surprising that 
the snakes chose vegetation as cover.  Females in both 
marshes were commonly found in the absence of cover, 
therefore making them easy to spot and capture.  
Radiotelemetry animals (with the exception of AP-5) were 
nearly always found under cover, suggesting that they may 
have had a heightened sense of vulnerability after the surgical 
implantation of radiotransmitters.  Alternatively, mark-
recapture animals simply may have been over-represented in 
the "no cover" category because they were most easily spotted 
in the absence of a cover object.

Defensive 
Movement
The position of the snakes when located 
was nearly always stationary; only a few 
snakes were found moving.  Many hikers 
and hunters often report cottonmouths 
behaving in a "belligerent" manner 
because they do not generally attempt to 
flee when approached (Cross, 1998).  
These results confirm the behavior, but 
not, necessarily, the interpretation–as seen 
above, most animals are quite passive and 
are not attempting to "wage war" with the 
hikers.

Location
Cottonmouths are known to be highly aquatic, spending 
the vast majority of their time along shorelines 
(Wharton, 1969; Gloyd and Conant, 1990; Mitchell, 
1994; Blem and Blem, 1995).  In this study, most 
cottonmouths were categorized as occupying upland 
areas regardless of sex, type of marsh, or whether they 
were a capture-recapture or radiotelemetry subject.  
Snakes in this category, however, included any distance 
> 0.5 m from water.  Most snakes were found less than 
1.5 m from a water source throughout the study (Cross, 
1998), suggesting that a nearby water source is 
important for cottonmouths at BBNWR. Perhaps more 
use-categories may better describe shoreline habitat use 
by cottonmouths.

Sun Exposure
Most snakes were found in full sun 
regardless of body temperature, with the 
exception of  the radiotelemetered 
females, which were found much more 
often in shade.  As suggested before, this 
is likely a result of animals being more 
easily observable in full sun, thereby 
biasing observations; however 
radiotelemetry males also showed this 
general trend, strengthening the argument 
that full sun exposure is quite common in 
these animals regardless of temperature.

Defensive 
Behavior
Contrary to popular anecdotal accounts 
of cottonmouths displaying aggressive 
behaviors and even charging potential 
threats (e.g., humans), few snakes 
reacted more aggressively than a simple 
gape of the mouth and vibration of the 
tail against the substrate, indicating that 
the cottonmouths in this study were 
more apt simply to make their presence 
known than to aggressively react against 
human invasion of their activity ranges.

General �
Behavioral �
Observations

Temperature �
and Behavioral �
Observations

A large number of observations were made for snakes that evaded capture before the investigator was within 
capture distance.  On two occasions snakes fled by diving underwater between the investigator's legs.  These 
snakes displayed no aggressive behavior and were likely fleeing toward an appropriate escape medium (in 
this case, water).  Snakes in the anthropogenic marsh fled at a greater approach distance (mean = 4.1 m, 
se = 0.82) than those in the natural marsh (mean = 2.3 m, se = 0.16), but the difference was not significantly 
different (t = 2.12, p > 0.05).  The snakes in the anthropogenic marsh may be more aware and hence reactive 
to potential threats given their greater exposure to large, predatory wading birds, carnivorous mammals, 
machinery used in pool management, and hikers, which are more restricted in the natural marsh.  The 
medium to which a snake fled (land or water) was independent of the medium from which it was approached 
or the medium occupied by the snake, suggesting that the snakes simply fled in the opposite direction of 
approach (Table 2).

Behavioral Observations 
for Uncaptured Animals

R esults & D iscussionR esults & D iscussion

	AM	 = 	 Anthropogenic Marsh Habitat
	AP   	 =   Agkistrodon piscivorus 	 	
	 	  	 radiotelemetry subjects
	NM	 = 	 Natural Marsh Habitat

LEGEND
Males--NM
Males--AM
Females--NM
Females--AM
AP-1 (Male--NM)
AP-2 (Male--NM)
AP-3 (Female--NM)
AP-4 (Female--AM)
AP-5 (Male--AM)

	 Approach from Land	  Approach from Water

Flee to Land	 14	 13

Flee to Water	 14	 12

Table 2.  Contingency table for 53 
cottonmouths that escaped before being captured 
during the course of this study.  Data are 
presented according to the medium from which 
approach was made and to which medium the 
snake fled and subsequently evaded capture.

LEGEND
15-17 C
18-20 C
21-23 C
24-26 C
27-29 C
30-32 C
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Activity
Most snakes were observed in an extended body position at all temperatures, with the exception of the radio-telemetered 
females.  Snakes were found tightly coiled or moving at all temperatures, but this behavior was more common at high tem-
peratures, in accordance with Wharton (1969) and Blem and Blem (1995).

Defensive Behavior
Most snakes were passive at all temperatures.  Reports by Wharton (1969) for cottonmouths, Fitch (1965), Heckrotte 
(1967), and Arnold and Bennett (1984) for Thamnophis, and Goode and Duvall (1989) for gravid Crotalus viridis, suggest 
that aggressive behaviors should be most prevalent at cool temperatures.  However, temperatures were generally warm 
enough to evade by fleeing (see below) and therefore aggressive behaviors were not isolated to the coolest temperature 
categories.  Only on two occasions throughout this investigation did snakes approach the investigator in an aggressive 
manner; both were very large males.  The snakes gaped their mouths, swam to within 2 m of the investigator, rapidly 
vibrated the tail against the water surface, and struck repeatedly.  After approximately 1-2 minutes, the snakes turned to flee 
before being captured.  A similar account was reported by Neill (1947) for a cottonmouth in Georgia.

Defensive Movement
In accordance with Wharton (1969), no snakes attempted to flee at temperatures < 18 C, and snakes fled most often at high 
temperatures.  More diverse defensive movements were common among mark-recapture animals; most radiotelemetry 
subjects remained immobile at all temperatures.  It is unclear whether this observation is most highly correlated with 
temperature or surgical implantation of radios.

Sun Exposure
Most snakes were found in full sun.  This makes the animal much more 
conspicuous to the observer, however, and should be interpreted cautiously.  Radio-
telemetry subjects were commonly found in either shade or full shade, indicating 
that either their behavior was different than the snakes that did not have 
implantation surgery, or that the sampling was biased toward those animals that 
were most highly visible.

0 50 Kilometers
0 20 40 Miles

Natural Marsh System
The natural marsh system of BBNWR (approximately 1200 ha) is 
dominated by low, dense vegetation and marsh trees.  Black 
needlerush (Juncus roemerianus), arrowhead (Sagittaria spp.), 
cattail (Typha spp.), and cordgrass (Spartina cynosuroides) 
dominate the herbaceous layer, and American holly (Ilex opaca), 
wax myrtle (Myrica cerifera), poison ivy (Toxicodendron 
radicans), and greenbrier (Smilax spp.) dominate the shrub and 
woodland layer.

Several roadside ditches (Fig. 3), naturally occurring ponds and 
thickets (Fig. 4), and an artificial pond used for educational 
purposes provide cottonmouth habitat.  The shoreline along Back 
Bay also provides ideal habitat (Fig. 5).

Figure 5.  
Typical shoreline habitat 
used by cottonmouths.  
This photograph shows 
the herbaceous habitat 
common along the natural 
marsh of Back Bay.

Figure 6.  
A tractor used to 
manipulate a 
management pool in the 
anthropogenic marsh.  
Pools are drained, 
plowed, and sometimes 
burned.  Water levels are 
manipulated for migratory 
waterfowl and shorebirds.

Figure 7.  
A typical management 
impoundment in the 
anthropogenic marsh, 
characterized by a deep ditch 
(5-7 m deep) and dense 
vegetation.  An impoundment 
road is visible on the right 
side of the photograph.

Figure 8.  
A management pool after 
it has been plowed and 
refilled with water.  This 
habitat provides optimal 
habitat for shorebirds.  
Additionally, cotton-
mouths frequent this 
habitat.

Figure 10.  This snake (AP-5: a male 
radiotelemetry subject in the anthropogenic 
marsh) would be characterized as (using Table 1): 
Snake location = water; cover object = none; sun 
exposure = full sun; activity = moving; behavior = 
passive; action = flee.

Figure 11.  
This snake (a male mark-
recapture subject in the 
natural marsh) would be 
characterized as (using Table 
1): Snake location = upland; 
cover object = vegetation; 
sun exposure = shade (less 
than half of body exposed); 
activity = coiled; behavior = 
passive; action = immobile.

Figure 12.  
This snake (AP-4: a female 
radiotelemetry subject in the 
anthropogenic marsh) would be 
characterized as (using Table 1): Snake 
location = upland; cover object = tree 
(this snake was under a dense Myrica 
cerifera shrub); sun exposure = full 
shade; activity = extended; behavior = 
aggressive; action = immobile.

Study Area
This study was conducted at Back Bay National Wildlife Refuge 
(BBNWR) in Virginia Beach, Virginia (Refuge headquarters–
N36°40'19" :W75°54'55").  The Refuge is bordered on the north 
by Little Island Park, on the south by False Cape State Park, on 
the west by Back Bay, and on the east by the Atlantic Ocean 
(Figs. 1 and 2).  The Refuge was established in 1938 (BBNWR 
Station Management Plan, July 1993) to provide feeding and 
resting grounds for migratory waterfowl and shorebirds along the 
Atlantic Flyway.  Two major areas of the Refuge were 
investigated.  The first extended from the area surrounding the 
headquarters to the northern border, including Long Island and 
Ragged Island (the "natural marsh system"), and the other was 
south of the headquarters and extended to the northern border of 
False Cape State Park (the "anthropogenic marsh system").

Figure 2.  
Aerial photograph of Back Bay 
National Wildlife Refuge.  The natural 
marsh system (Long Island is also 
shown) is visible as the dense 
vegetation in the upper left of the 
photograph.  The anthropogenic 
marsh is obvious beginning just 
below the natural marsh.

Figure 4.  
A pond in the natural 
marsh showing a relatively 
common habitat type: low-
lying shrubs and 
herbaceous vegetation, 
with adequate habitat for 
finding food and seeking 
cover.

Figure 3.  
A drainage ditch located in 
the natural marsh system.  
Dense, low-lying shrubs and 
herbaceous vegetation are 
visible.  The left side of the 
ditch has shoreline habitat 
frequented by cottonmouths.
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National Wildlife Refuge showing both 
the natural marsh (area north of the 
Visitor Contact Station, Long Island, 
and Ragged Island) and the 
anthropogenic marsh (area south of the 
Visitor Contact Station).  The Refuge is 
bordered by Little Island Park to the north, 
False Cape State Park to the south, Back Bay 
to the west, and the Atlantic Ocean to the east.  
Refuge boundaries are shown by the dash-
dot line.

Anthropogenic
Marsh System
The anthropogenic marsh system of BBNWR (approximately 1900 ha) 
is an actively managed series of impoundments (Fig. 6); water levels 
are actively manipulated.  Beggars's tick (Bidens spp.), black needle 
rush, spike rush (Eleocharis spp.), and three-square (Scirpus 
americanus) dominate this marsh system.  Along the western edge of 
this area is a relatively undisturbed forest with an overstory 
of loblolly pine (Pinus taeda), laurel oak (Quercus 
laurifolia), and live oak (Q. virginianus), and an understory 
dominated by blueberry (Vaccinium spp.), poison ivy, and 
greenbrier.  The forested area provides hibernacula for the 
snakes, but is rarely used during other times of the year 
(Cross, 1998).

The anthropogenic marsh is a set of managed pools (Fig. 1).  
Along the edges of these pools are deep ditches and levees 
that are frequented by snakes (Fig. 7).  Additionally, snakes 
are often found in the interior ponds of these pools (Fig. 8).

Figure 9.  
This cottonmouth was captured 
and marked as part of a mark-
recapture study.  The coloration of 
this male is typical for the Back 
Bay cottonmouths; the brilliant 
patterning is retained throughout 
adult life.

Data Collection
Snakes were either captured (as part of a mark-recapture study) or 
observed (radiotelemetered animals and those snakes that fled prior 
to capture) throughout the study.  Five snakes were surgically 
implanted with radiotransmitters.  Given that individual observations 
were conducted no more than one time every 2 days, observations 
were considered independent and hence directly comparable to the 
observations obtained on mark-recapture animals (Cross, 1998).  Mark-recapture snakes were 
handled using tongs and were either tubed (Fig. 9) or placed in a squeeze box (Cross, 2000); 
behaviors were noted.  Observational data categories are 
defined in Table 1.  Representative photos of observational 
categories are shown in Figs. 10-12.

For general behavioral observations, nine snake categories 
were plotted:  males in either the natural or anthropogenic 
marsh, females in either the natural or anthropogenic 
marsh, and the five radiotelemetered animals (two males 
and one female in the natural marsh and one male and one 
female in the anthropogenic marsh).  For temperature-
dependent behavioral observations, natural and 
anthropogenic animals were combined since no apparent 
differences in temperature-dependent behavior were found.  
Histograms of observations were constructed for 
comparative purposes.  Also, chi-square tests (adjusted for 
multiple comparisons to maintain an overall " = 0.05) were 
conducted for some categories to detect differences in 
behaviors.  For snakes that evaded capture, the medium in 
which the snake was located and the medium used for 
approach by the observer (either land or water) were noted 
for contingency table analysis.

Snake Location 
	 Upland     	              Snake position greater than 0.5 m from
	 	 water source
	 Shoreline                  Snake  located less than 0.5 m from
	 	  water source
	 Water	  Snake located in water
Cover Object 
	 Tree	  Snake located under tree or shrub
	 Vegetation	  Snake located under or in vegetation
	 None	 Snake located in open area (including
	 	  water) without cover
Sun Exposure
	 Full sun	 Snake positioned with at least one-half of
	                                 	 body in full sunlight
	 Shade	 Snake positioned with less than one-half
	 	 of body in full sunlight
	 Full shade	 Snake positioned with no exposure
	                                	 to sunlight
Activity 
	 Coiled	  Snake positioned with body coiled
	 Extended	  Snake positioned in very loose coil
	 	  or in a linear position
	 Moving	  Snake in motion when detected
Behavior
	 Passive	 No mouth gape or strike when
	 	 approached, but includes snakes that bite
	 	  tongs when grasped
	 Aggressive	 Mouth gape and/or strike when
	 	 approached and includes snakes that
	 	  repeatedly bit tongs
	 Very aggressive	 Snake struck at investigator and/o
	 	 approached investigator and repeatedly
	 	 struggled and bit tongs and squeeze
	 	 box--these snakes kept mouth gaped
	 	  during entire processing time
Action
	 Flee	 Snake attempted escape when
	 	  approached
	 Approach	  Snake approached investigator
	 Immobile	 Snake made no attempt to flee or
	 	  approach

Variable	  Description

Table 1.  
Description of behavioral variables assessed during 
captures and relocations of cottonmouths at Back Bay 
National Wildlife Refuge.

Concluding
Remarks
Concluding
Remarks

This study provided the opportunity to study the eastern cottonmouth in its 
natural habitat.  There are no other published accounts of behaviors based 
on data from this population, making this study both unique and exciting.  
Many differences were found between snakes in both marshes, between 
males and females, and between mark-recapture and radiotelemetry 
subjects.  Many behavioral observations, particularly those dealing with the 
effects of temperature on behavior, were found to be in accordance with 
Wharton's (1969) Florida population.  Another large population of 
cottonmouths resides in the river-swamps of southeastern Virginia, and 
future studies might focus on comparing their behavioral ecology with the 
cottonmouths found in the marshes of Back Bay National Wildlife Refuge.
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