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SUMMARY OF KEY COMPONENTS FOR CONSERVATION OF THE
DESERT MASSASAUGA

Status

The massasauga rattlesnake (Sistrurus catenatus) is locally threatened or endangered throughout most of its
range. The status of the desert massasauga (S. c. edwardsii) is as follows: Arizona, protected; Colorado, Species
of Special Concern; Kansas, unknown; New Mexico, no special status; Oklahoma, unknown; Texas, unknown;
Mexico, unknown. The desert massasauga is listed as a Species of Special Concern by the Colorado Division of
Wildlife primarily because of the limited distribution of well-documented, stable populations. It is listed as a sensitive
species by the USDA Forest Service (USFS), Rocky Mountain Region (Region 2), where populations are stable but
uncommon in southeastern Colorado and southwestern Kansas.

Primary Threats
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INTRODUCTION

This assessment is one of many being produced to
support the Species Conservation Project for the Rocky
Mountain Region (Region 2), USDA Forest Service
(USFS). The desert massasauga rattlesnake (Sistrurus
catenatus edwardsii) is the focus of an assessment
because it is listed as a sensitive species in Region 2. A
sensitive species may require special management, so
knowledge of its biology and ecology is critical. This
assessment addresses the biology, ecology, conservation,
and management of massasauga rattlesnakes throughout
their range in Region 2. This introduction defnes the
goal of the assessment, outlines its scope, and describes
the process used in its production.

Goal

The goal of this report is to summarize the existing
primary literature and “gray” literature relevant to the
status of the desert massasauga, a diminutive rattlesnake
found in shortgrass/sand sage prairie habitat in the
extreme southeastern portions of Region 2, including
some lands within the National Forest System. With this
summary, sensitive areas of habitat are identifed, current
and impending threats to the species are documented
and/or proposed, and management recommendations
are presented. The massasauga rattlesnake (Sistrurus
catenatus




Springs Valley, Graham County), where habitat
conversion could occur at unpredictably rapid rates.
Effects of xerifcation due to groundwater overuse and
global warming are likely to become signifcant threats,
but the rate of these changes is diffcult to estimate. In
short, though the recommendations suggested should
be suffcient for the present and immediate future
conservation and management of the massasauga, rapid
changes in these and other factors could lead to rapid
detrimental effects on massasauga populations.

Web Publication and Peer Review

To facilitate their use, species conservation
assessments are being published on the USFS Region
2 World Wide Web site. Placing the documents on the
Web makes them available to USFS personnel, other
agencies, and the public more rapidly than publishing
them as reports. More important, it facilitates their
revision, which will be accomplished based on
guidelines established by Region 2.

Assessments  developed for the Species
Conservation Project have been peer reviewed prior to
their release on the Web. Under the editorial guidance
of Gary Patton (USFS Region 2), this report was
reviewed through a process administered by the Society
for Conservation Biology, employing two recognized
experts on this or related taxa. Peer review was
designed to improve the quality of communication and
to increase the rigor of the assessment.

MANAGEMENT STATUS AND
NATURAL HISTORY

Management Status
Federal Endangered Species Act

Review of the taxonomic status of the massasauga
rattlesnake is currently underway, and it appears that
the eastern and western subspecies may represent clinal
variants of a single species while the desert massasauga
may warrant species-level recognition (Milne and
Mackessy unpublished data). However, for the purposes
of this assessment, the massasauga will be considered as
asingle species with three subspecies. Primarily because
of habitat loss and persecution, the eastern massasauga
is the most threatened of the three subspecies. It was
added to the candidate list for consideration for listing as
a threatened or endangered species by the U.S. Fish and
Wildlife Service in October 1999 (Johnson et al. 2000),
and as of October 2005, the U.S. Fish and Wildlife

Service listing status was C (Candidate Taxon, Ready
for Proposal). Therefore, most conservation efforts have
been directed toward this subspecies. Populations of the
desert massasauga in Colorado and Arizona currently
receive limited protection status (no take) under state
statutes, but there is no current effort to obtain federal










Figure 1a. Desert massasauga from Lincoln County, Colorado.

Figure 1b. Desert massasauga in typical resting coil at base of sand sage (
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discontinuous. The timing and causes of population
discontinuity are diffcult to determine unequivocally,
but they include long-term climatic changes that
have resulted in natural changes in the shortgrass
prairie habitat of the Great Plains (e.g., Madole 1995)
and anthropogenic changes that have exacerbated
xerifcation and have resulted in large expanses of
habitat loss (Hammerson 1999). Currently, Colorado
populations (including those in National Forest
System lands) of desert massasaugas are discontinuous
with all other populations except (perhaps) those in
western Kansas (i.e., Cimarron National Grasslands,
if they exist) and in western Oklahoma. This lack of
connectivity between the various populations may
gradually lead to genetic divergence, as there appears
to be a high level of genetic structure and differentiation
even among continuous populations (based on the
eastern massasauga; Gibbs et al. 1997). The effects of

a restriction of gene fow in fragmented populations on
overall viability are unknown for massasaugas, but they
may be negative (Couvet 2002).

Population trend

There are insuffcient data to document
abundance trends of desert massasaugas in Region
2, but it is most likely that desert massasaugas on the
national grasslands were historically more abundant
and have declined over the last 50 to 100 years (H.M.
Smith personal communication, 1996). However, there
are populations just north in Kiowa County that appear
to be moderately robust, and there may be one or more
small populations in Baca County (north of the southern
section of the Comanche National Grassland), where
massasaugas are moderately abundant. In at least one
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Figure 5. Distribution of the desert massasauga in USDA Forest Service Region 2. Although the desert massasauga
is known to occur only on the northern and southern sections of the Comanche National Grasslands (*) in appropriate
shortgrass prairie habitat within National Forest System lands (light grey shading), it is broadly distributed in
southeastern Colorado and likely also occurs in southwestern Kansas and northeastern New Mexico (light purple
shading). Occurrence in appropriate habitat on the Cimarron National Grassland (?) is likely but has not been
documented, despite survey work conducted there (Collins and Collins 1991).

common, and abundance trends in this population likely
have been stable for some time (we have documented
abundance in this population only since 1995).

Desert massasauga populations in Colorado are
the largest known (Mackessy 1998a) and appear to be
stable in some areas. As such, they are of particular
conservation value and concern. With a bit of foresight
and some proactive protective measures, Colorado
populations may remain the most stable of all desert
massasauga populations (see below).

Activity and movement patterns

Massasauga rattlesnakes are active in Colorado
from approximately mid-April until late October. The
earliest date a snake was found was 13 April, when two
dead-on-road adult snakes were located within 100 m
of each other. Since these snakes were discovered some

distance from probable hibernation sites, an earlier date
of emergence from hibernacula is probable. The latest
date a snake was seen active (crossing a road) was 15
October in 1995. A radio-tagged snake (see below) was
found above ground next to a rodent burrow, which
it used as a hibernaculum, on 12 November, so it is
probable that snakes remain locally active if surface
temperatures are suffciently high. Snakes were found
most commonly in September, October, and April and
were least commonly encountered from May through
August (Eigure 8). The increased capture success at
the beginning and end of the activity season is due
to the seasonal migration of these snakes to and from
hibernation areas in several localities. Also, because
most snakes were found on roads, there could be a bias
in the perceived seasonal activity cycle of these snakes.

Based on observations of radio-tagged snakes,
desert massasaugas in Lincoln County appear to
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hibernate individually; snakes were never observed
together. This is in strong contrast to the synoptic prairie
rattlesnake (Crotalus viridis viridis). A communal den
of more than 20 prairie rattlesnakes, also utilizing
a rodent burrow, was found within 100 m of the
rodent burrow utilized by desert massasauga A-8 as a
hibernaculum (Mackessy 1998a). However, in 2005 we
obtained evidence that massasaugas may be sharing a
larger nearby prairie rattlesnake hibernaculum; several
massasaugas were found basking at the entrance to this
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Figure 7a. Typical shortgrass prairie habitat of the massasauga rattlesnake in Lincoln
County, Colorado. Dominant vegetation includes grama grasses, buffalograss, and sand
sage. Photograph taken in fall.

Figure 7b. The same general habitat in late spring. Note that ranching of cattle with
rotation of herds in pastures is compatible with massasauga abundance, and mild grazing
is likely benefcial to maintenance of native shortgrass prairie.
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Table 2. Prey consumed by desert massasaugas (from Holycross and Mackessy 2002).

Prey taxon f (%)
ARTHROPODA 15 9.1)
Scolopendra spp. 15 9.1)
ANURA 1 (0.6)
Spea bombifrons 1 (0.6)
MAMMALIA 51 (30.9)
Baiomys taylori 1 (0.6)
Notiosorex crawfordi 3 (1.8)
Onychomys leucogaster 1 (0.6)
Perognathus spp. 1 (0.6)
Perognathus favescens 8 (4.9)
Peromyscus spp. 1 (0.6)
Reithrodontomys megalotis 8 4.9
Unidentifed mammal 28 (17.0)
SQUAMATA 98 (59.4)
Tantilla nigriceps
Cnemidophorus spp.
Cnemidophorus sexlineatus
Cnemidophorus sexlineatus 25
Holbrookia maculata 20
Eumeces obsoletus 2
Sceloporus spp. 4
Sceloporus undulatus 29
Urosaurus ornatus
Uta stansburiana
Unidentifed lizard
Total 165 (100)

(taken in shade at 1 m elevation) were 17 to 32 °C (63
to 90 °F) (Eigure 10), but microhabitat temperature
conditions were likely considerably narrower.

Over the course of the active season, massasaugas
moved a considerable distance. Although our telemetry
studies were hampered by radio failures, data from three
snakes indicated that total distance movements may be 2
to 4 km (1.2 to 2.5 miles), an impressive feat for a snake
with an adult body size of <400 mm. Estimations of
home range were similarly compromised by hardware
failures, but estimates for fat
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Figure 9. Movement plot for radio-tagged desert massasauga A8; this snake was followed for the entire season (1998)
and the general pattern shown is believed to be representative for this population. Hibernacula are on hardpan on the

west side of the road, and sand hills are to the east.

day in summer. However, observations of radio-tagged
snakes frmly established that desert massasaugas spend
a considerable amount of time during the day above
ground (Eigure 11), but they are typically observed in
resting coils at the base of sand sage, which provides

cover for thermoregulation and predator avoidance
(and perhaps avoidance of excess water loss). They are
highly cryptic in this microenvironment (Eigure 1b),
and non-radio-tagged snakes were very rarely seen in
the feld when not crossing roads.
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Desert massasaugas show no apparent life
stage-dependent changes in habitat usage, but there
are very little data on this, other than the observation
of both neonates and adults in the same microhabitat.
It is likely that gravid female massasaugas have
microhabitat preferences that favor an ability to
maintain elevated body temperatures. In 2005 we
radio-tagged three gravid female snakes, all of which
spent most of the summer in the vicinity of SE to SW-
facing rodent burrows, frequently sunning themselves
just within the mouth of burrows.

Landscape context

Appropriate habitat for the desert massasauga
occurs over a broad area of southeastern Colorado
and southwestern Kansas (e.g., northern section of
Comanche National Grassland). However, in many
areas, including much of the eastern portions of Kit
Carson, Cheyenne, and Kiowa counties and large parts
of the southern section of the Comanche National
Grassland in Baca County, habitat alteration (primarily
farming) has created large tracts of unusable habitat,
leaving a discontinuous mosaic of appropriate native
shortgrass prairie habitat. Although cattle grazing
per se
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independent of sex (G, . =0.7,df =2, P =0.70) and
source (stomach vs. colon/feces) of sample (G, ... =
5.8, df = 2, P = 0.06). Centipedes and mammals appear
to be taken more frequently later in the foraging season
(Eigure 12c). Proportion of prey classes consumed
by desert massasaugas differed among populations
(GW”“amS =14.0, df = 4, P = 0.007; Table 3). However,
all pair-wise comparisons (AZ-CO, AZ-NM, CO-NM)
between populations comprised non-signifcant subsets
(G = 1.7, 10.3, 11.7 respectively) of this analysis. The
small New Mexico sample contained proportionately
more centipedes and fewer mammals than the other

two samples.

From the Texas western massasaugas that we
examined, we identifed remains of 70 mammals
(79.5 percent), 10 lizards (11.4 percent), six snakes
(6.8 percent), and two birds (2.3 percent). Mammals
consisted of 39 soricids (four identifed as Cryptotis
parva), 13 cricetids, two heteromyids (Perognathus
spp.), one geomyid, and 15 unidentifed further.
Lizards consisted of five Cnemidophorus spp. and
Tve unidentifed skinks. One snake was identifed as
Tropidoclonion lineatum. We detected remains of two
prey species in five snakes: mammal + mammal (n =
2), snake + mammal (n = 2), and lizard + mammal
(n = 1). Orientation of prey remains in the stomach
suggested that 18 mammals, three Cnemidophorus
spp., three skinks (identifed from tails in the stomach),
two snakes, and one bird were consumed headfrst
whereas one mammal was consumed rump first.
Proportions of prey classes for this population are

provided in Figure 12b.

In comparisons among subspecies, we found that
proportion of mammals vs. squamates depended on
source population (G, . ~=120.8, df =6, P =0). The
Michigan, Missouri, and Wisconsin samples comprised
a non-signifcant subset of this analysis (G = 4.3), as did

the Arizona, Colorado, and New Mexico samples (G =
3.3). Interestingly, the Michigan, Missouri, and Texas
populations also comprised a non-signifcant subset (G
= 1.9). Snake SVL did not signifcantly differ between
desert massasaugas (pooled) and western massasaugas
(our sample from Texas) that ate squamates (ANOVA,
F w.110) = 0.35, P =0.56) or mammals (ANOVA, Flm)
0.89, P = 0.35). Nevertheless, proportion of squamates
vs. mammals consumed by 300 to 400 mm SVL
desert massasaugas and 300 to 400 mm SVL western
massasaugas from Texas was dependent on subspecies
(Giiiams = 31.9, df = 1, P <0.01; Eigure 12).

Lizards comprise a surprisingly large proportion
of the adult diet of desert massasaugas relative to the
diet of conspecifcs and to the prevalence of mammals
in the diet of many northern pit vipers (Mushinsky
1987, Ernst 1992). Ontogenetic shifts in diet account
for prevalence of lizards in the diet of some rattlesnakes
(Mackessy 1988, Holycross et al. 2002, Mackessy et
al. 2003), but only partially explain their prevalence
in the diet of desert massasaugas. Clearly, desert
massasaugas <250 mm SVL feed exclusively on
lizards, probably because these snakes are physically
incapable of ingesting even small rodents. However,
squamates (lizards) are consumed 1.5 times more often
than mammals even after these gape-limited predators
exceed 300 mm SVL and begin to consume a variety of
small mammals (Eigure 12a).

The high number of solitary centipede records
suggests directed foraging on live centipedes rather
than secondary ingestion or scavenging. Large
centipedes are not uncommon in the diets of other
rattlesnakes, including Sistrurus miliarius (Hamilton
and Pollack 1955), Crotalus enyo (Taylor 2001), C.
willardi obscurus (Holycross et al. 2002), and C. lepidus
klauberi
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have been studied extensively, very little is known of
how rattlesnakes forage on centipedes. Nevertheless,
it is likely that centipede-eaters have evolved
specifc adaptations for foraging on this fractious and
venomous prey. For example, Rubio (1998) wondered
if centipede-eaters are resistant to centipede venom.
Several observations suggest centipede-specifc
prey-handling behaviors in C. lepidus, C. willardi,
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highly vulnerable to predation, and automobile traffc
exacts a very heavy toll. For example, of 214 desert
massasaugas encountered in the 1997 feld season in
southeastern Colorado, 82 (39 percent) were found
dead on roads (Mackessy 1998a). These conditions
are exacerbated if road(s) bisect historical movement
pathways (as in the Lincoln County population) since
snakes must cross roads at least twice each active
season. As habitat fragmentation and loss increase,
a critical threshold of minimum habitat size required
may be crossed, and populations would be expected to
decrease precipitously.

Spatial characteristics

Metapopulation genetic structure, and to a
large extent even occurrence, has not been evaluated
for the desert massasauga (see also Distribution and
abundance section above). Although populations
in southeastern Colorado were likely continuous
historically, land use practices have resulted in
fragmentation into metapopulations of varying size,
the structure and dynamics of which are poorly
investigated. We identifed several apparently viable
metapopulations in southeastern Colorado (Mackessy
1998a), but the extent of isolation (or lack thereof)
from adjacent metapopulations is not known. Natural
drainage features (e.g., Arkansas River) and habitat
fragmentation have certainly created discontinuity
between the largest known population (Lincoln County)
and those found in the two sections of the Comanche
National Grassland, and habitat changes due to till
farming have likely further isolated the northern and
southern section metapopulations. Morphometric
and venom biochemistry analyses have not indicated
any structuring within or between metapopulations
of desert massasaugas in Colorado, but it is unlikely
that these tools are sensitive enough to evaluate such
relationships. Blood samples obtained from more than
200 live individuals throughout Colorado and stored
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Life history model

The life history described by Ernst (1992)
provided the basis for a life cycle graph (Eigure 13)
and a matrix population analysis with a post-breeding
census (Cochran and Ellner 1992, McDonald and
Caswell 1993, Caswell 2000) for the massasauga
rattlesnake. The model has three kinds of input terms: P,
describing survival rates, m_describing fertilities, and B,
describing probability of reproduction (Table 6). Figure
14a shows the symbolic terms in the projection matrix
corresponding to the life cycle graph. Eigure 14b gives
the corresponding numeric values. The model assumes
female demographic dominance so that, for example,

fertilities are given as female offspring per female.
The population growth rate (A was 1.000 based on the
estimated vital rates used for the matrix. Although this
suggests a stationary population, the value is subject to
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Figure 14a. Demographic matrix with symbolic values.

Figure 14b. Demographic matrix with numeric values.
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Figure 15. “Possible” sensitivities only matrix, Sp (remainder of matrix consists of zeros). The three transitions to
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Table 7. Stable age distribution (right eigenvector) for female massasaugas. At the census, 55 percent of the
individuals in the population should be newborns. Another 13 percent will be pre-reproductive. The remaining 32
percent of individuals will be reproductive adults.

Age Class Description Proportion
1 Newborns 0.549
2 Pre-reproductive 0.134
3 First reproduction (F, = 1.2) 0.067
4 Reproductive (Fi =1.6) 0.054
5 Reproductive (Fi =2.0) 0.043
6 " 0.034
7 " 0.027
8 0.022
9 0.018
10 " 0.014
11 0.011
12 0.009
13 " 0.007
14 0.006
15 Maximum Age Class 0.005

Table 8. Reproductive values for female massasaugas. Reproductive values can be thought of as describing the “value”
of an age class as a seed for population growth relative to that of the frst (newborn) age class. The reproductive value
of Age-class 1 is always 1.0. The peak reproductive value is highlighted.

Age Class Description Proportion
1 Newborns 1.00
2 Pre-reproductive 4.09
3 First reproduction (F, = 1.2) 8.18
4 Reproductive (F, = 1.6) 8.73
5 Reproductive (Fi =2.0) 8.92
6 " 8.65
7 " 8.32
8 7.90
9 7.37
10 " 6.72
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the newborns (1.0; Table 8). That the peak reproductive
value occurs several years after age of frst reproduction
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survival Variant 3, 35 out of 100 trials of stochastic
projection went to extinction vs. 0 under the fertilities
Variant 1. Variant 5 also shows that the magnitude
of fuctuation has a potentially large impact on the
detrimental effects of stochasticity. Increasing the
magnitude of Fuctuation increased the severity of the
negative impacts — the number of extinctions went from
35 in Variant 3 to 51 in Variant 5 when the magnitude of
fuctuation was slightly amplifed. These results suggest
that populations of massasaugas are relatively tolerant
to stochastic fuctuations in production of newborns
(due, for example, to annual climatic change or to
human disturbance), but they are extremely vulnerable
to variations in survival. PFster (1998) showed that for
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intentional release or inadvertent escape of animals.
The risk associated with infected captive animals being
released to the wild is unknown but could potentially
be high in some areas. In addition, there has been
some discussion about trying to use paramyxovirus
as a control agent for problem species, such as brown
treesnakes (Boiga irregularis) on Guam. However,
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Figure 17. Envirogram for the desert massasauga.

Because these snakes may sit for extended periods on
roads, particularly paved roads, the chance of a fatal
encounter with an automobile is increased. Drivers in
southeastern Colorado with a “kill on sight” mentality
may intentionally aim for snakes on roads, and our feld
survey crews were “instructed” by local inhabitants
on numerous occasions in the best methods for killing
snakes with automobiles. This prevalent attitude of
killing all snakes seen increases incidental road kills by
an unknown but likely signifcant extent.

Commercial collection for the hobbyist trade may
also represent a signifcant threat to desert massasaugas,
as small rattlesnakes are popular among many hobbyists
as pets or curios. Desert massasaugas are currently for
sale at retail outlets such as Glades Herps, Inc. in
Florida. The source of these snakes is unknown and
may be legal, but at the current retail listing of $95.00,
there may be an incentive for commercial collection,

RESOURCES

legal or illegal. Legal collection is permitted in New
Mexico and Texas if a commercial collecting license is
obtained. Some monitoring of interstate traffcking in
these snhakes is probably warranted. Small rattlesnakes
have long attracted the attention of fanciers of snakes,
and an overseas market also exists (extent unknown).
Overseas trade in desert massasaugas may be important,
as prices are often two to fve times higher than in
the United States, providing signifcant monetary
incentive. However, there are no records available for
trade in desert massasaugas, so this source of threat to
populations is of unknown magnitude.

Anthropogenic and natural threats to habitat

Although humans represent a direct threat to
massasaugas because they typically kill any rattlesnake
encountered, this source of mortality is limited to
those snakes that are encountered by humans. Because
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desert massasaugas are cryptically colored, small, and
somewhat secretive, they are typically only encountered
during seasonal movements from and to hibernacula.
Their sensitivity to direct persecution is therefore
somewhat limited.

Habitat loss, on the other hand, is a much
more potent threat, and based on effects on eastern
massasaugas, habitat modifcation and conversion will
be the most signifcant threat to the persistence of desert
massasaugas. Urbanization more or less permanently
eliminates suitable habitat for massasaugas, but it
often occurs after habitat has been negatively modifed
initially. For example, rural farming communities,
which are widespread in eastern Colorado, have already
exacted a heavy toll on native = aA tial faready
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distributions have become extensively fragmented, and
remaining populations are in decline (cf. references in
Johnson and Leopold 1998, Seigel 1986).
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rural areas even without direct habitat modifcation
resulting from farming or overgrazing.

The remote location of the massasauga in
Colorado relative to major urban centers has provided
for passive protection of the species. However, as
elsewhere, human encroachment into grassland habitat
is increasing, particularly in Pueblo and El Paso
counties, and massasauga populations will be expected
to be impacted negatively from increases in human
populations. The effects of the current drought could
also increase the rate of habitat conversion. In many
parts of the eastern plains, including Lincoln County,
ranching is minimally proftable even in good rainfall
years, and recent drought conditions have forced
ranchers to sell their herds because winter feeding and
the prospects of a dry spring make continued ranching
unproftable. If this trend continues, it can be expected
that ranchers will begin to sell off property for other
uses, which will lead to habitat loss for massasaugas.
As development encroaches toward the western edge
of the massasauga’s habitat in eastern Colorado, land
values will increase, creating greater incentive for
landowners to sell part or all of their property for
non-ranching purposes. Habitat loss and conversion
from agriculture to urban land use is most intense in
the vicinity of Colorado’s Front Range communities,
but even formerly rural towns, such as La Junta (just
north of the northern section of the Comanche National
Grassland), are not immune to the destabilizing effects
of growth.

Intrinsic vulnerability

As mentioned above, the massasauga has the
potential to live perhaps 20 years or more, but based on
sizefage class distributions, the more typical lifespan is
four to fve years. Desert massasaugas show relatively
low fecundity (Table 4; Goldberg and Holycross 1999,
Mackessy unpublished data), even when compared with
other subspecies of massasaugas (Fitch 1970, Ernst
1992). Desert massasaugas in Region 2 appear to have a
low tolerance of habitat disturbance, and they are much
more abundant in shortgrass prairie habitat that has a
relatively long history without disturbance, particularly
till farming (Mackessy 1998a). Old fallow felds in
sandy soils that are partially recovered may be utilized,
and massasaugas were occasionally seen in disturbed
areas with intact adjacent habitat. Movement through
these more open, disturbed areas is expected to increase
risk to predation. These factors combined suggest
that recovery of populations of desert massasaugas
following severe habitat disturbance will be very slow.

Because desert massasaugas require (prefer?)
relatively undisturbed shortgrass prairie habitat,
progressive till farming followed by slow regeneration
of native habitat, as seen in parts of extreme
eastern Colorado, may eliminate metapopulations of
massasaugas stepwise before they can recover into
fallow disturbed areas. From a historical landscape
perspective, this ever-moving impact on native habitat
may explain in part the present-day low density
occurrence of massasaugas in parts of Region 2.
Populations in the past may have been suffciently
impacted that at present they are barely sustaining,
but there is insuffcient data available on former
abundance of massasaugas in this region to provide
more than speculation.

Management of the Desert Massasauga
in Region 2

The known range of the desert massasauga
encompasses only a small portion of shortgrass prairie
habitat on National Forest System lands within Region
2: the Comanche National Grassland in Colorado and
possibly the Cimarron National Grassland in Kansas.
Clearly, preservation of existing natural shortgrass
prairie habitat within the national grasslands and
encouragement of good land use practices in adjacent
private property will be most effective in maintaining
desert massasauga populations. Care must be exercised
in grazing of cattle on the grasslands, particularly under
drought conditions, as overgrazing is detrimental to both
the prey of massasaugas (lizards and small rodents) and
to massasaugas themselves.

Grasslands in North America have been modifed
or destroyed over most of the Great Plains, and
only remnants remain. The shortgrass prairie looks
essentially homogenous over much of eastern Colorado,
but there are subtle differences in large sections between
major drainages such that different species assemblages
occur west to east and along a north-south gradient.
The current range of the desert massasauga is largely
defned by the Arkansas River drainage below about
1500 m (5,500 ft.) elevation (Hammerson 1999), and
in this southeastern corner of Colorado, many other
species of amphibians and reptiles (and other foral
and faunal elements) reach the northern and/or eastern
limit of their distributions. Since fall of 2000, the lead
author has led a survey of the northeastern plains of
Colorado. Compared to the southeastern quadrant, this
herpetofauna is depauperate, and most species sharing
distributions are less abundant in the northeastern plains.
These preliminary data further indicate the unique
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v/ Protection of summer foraging areas:
Although individual home ranges of desert
massasaugas appear to be fairly large, the
high density of some populations suggests
that there is considerable overlap in these
home ranges. If this is the case generally,
then the identifcation and preservation of
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As a result of our earlier extensive survey of
massasauga populations in Colorado (Mackessy 1998a;
see Distribution and abundance above), the known
range within the state has increased somewhat and
the known abundance has increased tremendously.
Our work demonstrated the utility of long-distance
road surveys for estimating relative abundance and
distribution, and although this method has a potential
for signifcant sampling bias, it is particularly cost-
effective for obtaining presence-absence data over
vast areas and on limited budgets. A variety of other
methods, including telemetric and mark and recapture
studies in limited areas, will provide more defhnitive
estimates of population densities locally, but these will
be at the expense of not obtaining broad distributional
data or will be labor and cost-intensive. Extensive road
surveys focused on National Forest System lands and
occurring in both spring and fall would likely turn up
numerous specimens, and this work could be conducted
with minimal personnel and over about 1 1/2 months
total time.
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and reptiles in these areas are often uncooperative
in appearing upon command, nature walk programs
that include discussions about these animals could
be conducted. Visitor centers and poster boards in
more remote areas should also include information
about desert massasaugas. Although there may be
valid concerns about unduly frightening visitors, it
is our impression that most visitors would appreciate
the information. As one increases the profle of desert
massasaugas and snakes in general, one can generate
an interest in these animals among the public, and
the long-term effect on conservation efforts is likely
to be positive. We generally care more for organisms
we know about, and a positive information campaign
would help to dispel the many myths about rattlesnakes
held by the public.

The no take/no kill status of the desert massasauga
in Colorado provides some protection and a legal basis
for prosecution in the event of illegal collecting or
killing of massasaugas. However, the passive protection
afforded these snakes by their occurrence primarily in
remote, low population regions makes it diffcult to
monitor illegal actions. For these reasons, education and
outreach-based programs could have a greater effect;
and visits to rural schools by USFS and other agency
personnel would likely generate positive results. There
are many misconceptions and myths concerning snakes
that circulate as fact among the general public, and for
this reason we also make presentations to school groups
about snakes and other misunderstood animals.

Internet-based sites have the potential to inform
and educate vast numbers of people, and a model site
for eastern massasaugas, which could be emulated
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Field inventories and surveys are much more
time- and labor-intensive than remote methods, but they
are essential for establishing measures of occurrence
and distribution, abundance, habitat use, and overall
population stability. Limited experimentation with
pitfall and drift fence sampling in southeastern Colorado
indicates that these methods, even in the region of
highest massasauga monitoring, are quite ineffective.
One way to increase effciency of feld surveys is to
conduct intensive feld work at times that coincide with
major movements (i.e., egression and ingression). In
Region 2 this will be during the last two weeks of April,
early May, most of September, and the frst week or two
in October (Eigure 8). These dates will be infuenced
by particulars of climate for a given year, but they
have remained productive times for inventories for
massasaugas in Colorado for the last 10 years. Because
massasaugas tend to make long-distance movements
at these times, feld work is further facilitated by the
presence of dirt or paved road surveys, where a feld
worker drives at 20 to 30 mph. Much greater distances
can be covered, but this method suffers from potential
sampling biases.

Although we surveyed the Comanche National
Grassland for massasaugas and other herpetofauna
(Mackessy 1998b), both sections need to be examined
more carefully at times of most likely encounter (see
above). Major movements to and from hibernacula may
occur over short periods (i.e., one or two weeks), so
limited surveys are likely to miss the most productive
times. The Cimarron National Grassland in Kansas
should be surveyed again, focusing on the dates of
likely movement given above, as it is likely that desert
massasaugas will occur in this region. Extensive basic
feld work is also needed in many parts of the desert
massasauga’s range, and particular efforts should be
concentrated in western Kansas and Oklahoma. The
robust population in Lincoln County, Colorado is being
monitored by my group at present, and given the fact that
this small region includes the largest known population
of desert massasaugas rangewide, it warrants even more
intensive monitoring.

Greater interagency interaction will increase
effciency of monitoring and maintaining populations
of desert massasaugas on public lands, as funding
for monitoring programs likely will become more
limited in the future, and by combining resources and
coordinating efforts, redundant sampling of target
species by different agencies will be minimized. This
type of combined agency approach (e.g., USFS and
Colorado Division of Wildlife) allowed Dr. Mackessey
to survey massasauga populations, as well as other

species of amphibians and reptiles, more effectively and
economically than could have been done individually
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life history trends (above), the reliability of the model
is uncertain. In the event that captive propagation and
reintroduction become necessary for the management
of this species, we will need to know what factors are
important to successful re-establishment.

Research priorities in Region 2 should begin with
renewed survey efforts on the Comanche and Cimarron

national grasslands, as has been mentioned above. Once
areas of occurrence or abundance are identifed, then
the conservation and management practices detailed
above should be concentrated in those areas. It likely
will not be possible to preserve the desert massasauga
across all parts of its range, but the species’ persistence
in Region 2 can be secured by preserving and expanding
appropriate habitat within these publicly owned lands.
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