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Chapter One-Introduction and Synopsis of
Conclusions

In this report, we compile summaries of the biology of nine very large constrictor
species and consider what effects these species might have on the ecology, economy, and
domestic tranquility of the United States were such snakes to become established.
Representatives of each group have been discovered in the wild in Florida, though
evidence of reproduction is presently available for only three species, the Burmese
Python (Python molurus bivittatus), the Northern African Python (Python sebae), and the
Boa Constrictor (Boa constrictor). The occurrence of these three large constrictors in the
wild in the same area of Florida may be a coincidence, but southern Florida has a climate
that may be suitable for all of the giant constrictors and much of the commercial trade in
giant constrictors passes through southern Florida. Thus the probability of exotic species
establishment is greater in south Florida, though not limited to it. For each of the nine
giant constrictor species under consideration, we review their climate tolerances and the
areas of the country at risk (see section 10.2 in each of the species accounts: chapters
Four—Nine). However, because we have established populations in south Florida, our
geographic focus will always include Florida.

The selection of giant constrictor species was based on concern over the size of
the potential invaders combined with their prevalence in international trade. We include
the four largest species of snake, as well as similar and closely related species, and the
Boa Constrictor. The four largest snakes are the true “giants,” with maximum lengths
well exceeding six meters: Northern African Python (Python sebae), Indian Python
(Python molurus"), Reticulated Python (Broghammerus reticulatus), and Green
Anaconda (Eunectes murinus). Although Morelia amethestina, the Scrub Python, and
some Austropapuan relatives, which we did not include, often exceed the length of our
shortest species, the Boa Constrictor, we selected the species not only for their size, but
also for the likelihood of establishment. The boa is very large, much more commonly
owned, and is already established in Florida; thus it is a species of special concern. The
Scrub Python is less frequently encountered in the trade, and is not yet known to be a
problem in the United States.

In addition to the four true giants and the Boa Constrictor, we included four
species that are so similar in appearance to one of the giants that they might be confused
with them, and which are in some cases not distinguished in the international live animal
trade. For example, the Beni Anaconda (Eunectes beniensis) is a recently described and
poorly known anaconda closely related to the giant Green Anaconda. Because these
species are visually similar and the range of the Beni Anaconda is within the range of the
Green Anaconda, we review the former species in the same chapter as the latter.
Similarly, there are now two species in the yellow anaconda group: the Yellow Anaconda

! We treat the Burmese Python as a subspecies (Python molurus bivittatus) of the Indian Python (Python
molurus). See chapter Four for taxonomic details.



(Eunectes notaeus), which has appeared in the wilds of Florida, and a rare and similar
closely related species, DeSchauensee’s Anaconda (Eunectes deschauenseei). Finally,
the Southern African Python, Python natalensis, is the sister species of the Northern
African Python, but the two are not distinguished in international trade. These two
species are easily distinguished by technical characters such as head scalation, but many
people do not recognize the distinction. Thus we treat all nine of these large constrictors
in this risk assessment; the Boa Constrictor, the four true giants, and their four look-
alikes.

Although the size threshold on our characterization of a snake as a “giant” was
arbitrary, the heightened focus on large constrictors has two firm foundations. First, only
the largest nonvenomous snakes constitute a safety hazard for humans. Citizens have a
legitimate expectation that their government will be protective of their personal safety.
Second, there are no native American snakes of comparable size; thus establishment of a
giant exotic snake would force native wildlife to survive in the presence of a novel-size
snake predator. The history of extinctions is rife with examples of the ecological damage
caused by the introduction of novel predators. Blackburn and others (2004) found that
the only strong explicator of extinctions of island birds was the number of introduced
predators. Novelty is less readily quantified, but most ecologists are convinced that
introduced predators do significantly more damage if their predatory method includes a
novel tactic for which the prey species has not evolved a defense (Rodda and others,
1997). A classic example is the doomed birds of Guam, which were unfamiliar with
snakes and had not evolved any defense against a nocturnal arboreal snake predator such
as the Brown Treesnake (Boiga irregularis, Savidge, 1987). The issue is not limited to
islands, however; Allen (2006) found that novelty of body size was the best statistical
predictor of which bird species have successfully invaded southern Florida.

Although giant constrictors constitute an exceptional threat to the integrity of
native ecosystems, they also constitute an important element of the large and growing
trade in living reptiles. We can testify to these snakes’ attraction personally, as we both
have kept pet giant constrictors. We can attest to these snakes’ beauty, companionability,
and educational value. The love of nature is often originally fostered in one’s own arms,
where close contact with living things engenders a connection not otherwise possible.
And size does impress. Thus the social value of protecting native ecosystems must be
weighed against the social value of fostering positive attitudes about the protection of
nature through giant constrictor ownership. Economic benefits are also associated with
importation and trade in giant constrictors; we tabulate importation, but do not quantify
the economic benefits of the trade. A risk assessment quantifies as much as possible the
ecological factors associated with the introduction of a species; decision-makers must
account for the societal values from all viewpoints of any potential regulatory action. We
will not do so in this risk assessment.

This document addresses primarily the biological impacts associated with
potential colonization of the United States by any of the nine giant constrictors, and it
tabulates the biological information germane to potential economic and social impacts.
What it does not do is consider or assess the diverse regulatory actions that might be
taken to mitigate or prevent colonization by these animals. Regulatory action could occur
at the Federal level (for example, prohibit importation or interstate transfer of reptiles), or
at the State level (for example, statutory or regulated restrictions on the behavior of



private owners). Each of these steps would have specific effects on the potential for
establishment in the wild and on the operation of the pet trade, and the merits of each
possibility could be weighed in a regulatory evaluation. However, such an evaluation is
beyond the scope of this risk assessment. We contrast only the projected biological (and
related) impacts of establishment against the conditions that would prevail in the absence
of colonization by these species.

Risk assessment, by its very nature, entails uncertainty. “A risk assessment model
cannot absolutely determine whether or not an introduced exotic species will establish
and if it does what impact it will have” (Aquatic Nuisance Species Task Force, 1996;
Bomford, 2008). We have tried to draw attention to the greatest sources of uncertainty,
but all elements of a risk assessment embody some uncertainty. The ANSTF (Aquatic
Nuisance Species Task Force, 1996) protocol that we follow in this document highlighted
three primary sources of uncertainty:

1. uncertainty of the process—(methodology)
2. uncertainty of the assessor—(human error)

3. uncertainty about the organism—(biological and environmental unknowns).

As is explained more fully in the following chapter on methods, the biological and
environmental unknowns associated with giant constrictors are numerous and profound.
However, the problem is not unique to giant constrictors. The ANSTF (1996) pointed
out, “...it is the biological uncertainty more than anything else that initiated the need for
developing a nonindigenous risk process. Common sense dictates that the caliber of a
risk assessment is related to the quality of data available about the organism and the
ecosystem that will be invaded. Those organisms for which copious amounts of high
quality research have been conducted are the most easily assessed.” The basic natural
history of the giant constrictors is largely unknown; our risk assessment reflects this
uncertainty.

In the next chapter, we explain the methods used for the risk assessment. The
subsequent chapter (Three) summarizes what is known about snake eradication. Snake
eradication has not been attempted with giant constrictors to the best of our knowledge.
Thus our review considers the available data for other species, based primarily on
experience with the Brown Treesnake in Guam and the Habu in Japan (Rodda and others,
1999d). Eradication methods are an important consideration for a risk assessment, as the
risks of establishment are less worrisome if impacts can be easily eliminated or prevented
by eradicating the invader. The tool-by-tool review in chapter Three provides the
background material needed to put the risks in a realistic management context.

The species accounts (chapters Four—Nine) include both a summary of each
species’ relevant biology and a summary of the relevant risks and management factors
that apply to each species uniquely. Management attributes that are the same for all
species of giant constrictor are described in chapter Three.

The formal risk assessment is the last chapter (Ten), in which we follow the
format originated by the Aquatic Nuisance Species Task Force (ANSTF, 1996).
Reflecting a consensus of the field, the task force concluded that the overall probability
of establishment is a product of the risk of the organism being in a certain pathway (such
as the pet trade) multiplied by the risk of the organism surviving in that pathway
multiplied by the risk of that organism escaping from the pathway and colonizing the



wild multiplied by the risk of the colony spreading. The task force also concluded that
the consequences of establishment include the sum of economic, ecological, and
social/political costs. The species-specific cost and risk components are tallied within
each species account and brought together in chapter Ten.

A word on terminology—a variety of terms has been used to describe an
organism that is not native to the place in which it is found: exotic, introduced, invasive,
nonindigenous, non-native, colonists. In this report we make no distinction among these
terms. A colonization is the original population of a non-native species, perhaps a single
female and her offspring. A colonization is usually considered “established” when there
is physical evidence that the species’ entire life cycle can be completed in its new
environment. In practical terms this means population recruitment, usually the discovery
of wild-born hatchlings or neonates. However, most individual snakes go undetected by
humans, and hatchlings are especially hard to detect. Thus many populations recruit
successfully prior to the time when establishment has been seen by scientists and
therefore documented. Though often unobserved until much later in time,
“establishment” is a milestone of primary importance to the assessment of risk.

At some point, an expanding population exceeds the size at which it can still be
considered a colony. A colony generally refers to a population that is compact enough
that it could be eradicated with decisive and effective control measures. However, the
areal capabilities of eradication tools are poorly known and improving daily; thus there is
no preordained acreage beyond which a colonization is too widespread to be eradicated.
Nonetheless, eradication is the final defense that could completely reverse an invasion,
and thus expansion of an invading population beyond the eradication size limit is the final
milestone for invasion risk.

Synopsis of Conclusions

In this risk assessment, we estimate the ecological risks associated with
colonization of the United States by the world’s four largest snake species: Green
Anaconda, Indian or Burmese Python, Northern African Python, and Reticulated Python
(Eunectes murinus, Python molurus, Python sebae, and Broghammerus reticulatus,
respectively), the Boa Constrictor (Boa constrictor), and four look-alikes (Southern
African Python, Python natalensis; Yellow Anaconda, Eunectes notaeus;
DeSchauensee’s Anaconda, Eunectes deschauenseei; and Beni Anaconda, Funectes
beniensis). At present, the only probable pathway by which these species would become
established in the United States is the pet trade. Importation for the pet trade entails a
risk of establishment of these animals as exotic or invasive species, but it hardly
guarantees that establishment. Federal regulators have the task of appraising the
importation risks and balancing those risks against economic, social, and ecological
benefits associated with the importation. This risk assessment quantifies only the
ecological risks, recognizing that ecosystem processes are complex and only poorly
understood. We outline the types of economic impacts that may be experienced, but we
leave quantification of economic costs to economists. There is great uncertainty about all
aspects of this risk assessment, but we have tried very hard to bring the best available
information to bear. Scientific sources are referenced in chapters Two—Ten, and omitted
from this synopsis.



One element of uncertainty is the degree to which a colonization of one of these
snakes could be eliminated if appropriate financial resources were available to support an
eradication attempt. We have some indication from the management response to the
establishment in south Florida of the Burmese Python, but we can also draw on additional
insight from eradication attempts against the Brown Treesnake in Guam, the Habu in
Japan, the Boa Constrictor on Cozumel Island in Mexico, and other snake management
efforts worldwide. None of these management programs have progressed to the point of
attempting eradication on any area nearly the size of the Burmese Python population in
Florida, and no eradication effort has been successful on a scale larger than a few
hectares. Chapter Three reviews the management toolbox in some detail—covering
especially traps, active search, and toxicants—and concludes that future advances in
technology may greatly expand the scope of snake eradication, but extant technology
would not appear to be capable of eradicating any of the giant constrictors from south
Florida unless the colonization were caught very early, perhaps around the present range
of the Boa Constrictor population now in Miami (several hundred hectares or less).
There is great uncertainty about this management prognosis because: (1) the availability
of financial resources is unknown, (2) future improvements in eradication technology are
uncertain, and (3) the known tools have not been adequately tested against any species of
giant constrictor.

The giant constrictors differ in a number of ways important to management or
control efforts. For example, the anacondas are found almost exclusively in water,
complicating their control in wetlands such as the Everglades, but limiting their spread in
dry upland areas. At the other extreme is the Boa Constrictor, a species that may use
water but is found primarily in terrestrial environments, including arboreal habitat. The
pythons appear to be completely at home in aquatic and terrestrial environments,
rendering it problematic to curtail their spread.

Another important difference among the giant constrictors is their size and
temperament. Although the largest individuals of all of the species covered in this work
are probably capable of killing an adult human, most seem disinclined to do so.
Unprovoked attacks on humans are largely limited to Reticulated Pythons, and only the
larger Burmese/Indian and Northern/Southern African pythons have killed adult humans.

One very important difference among the species is the degree to which they
naturally inhabit areas that freeze. The Indian or Burmese Python is exceptional in its
ability to tolerate cold weather through hibernation; most of the other species are likely
limited to areas where below-freezing weather is short-term and can be avoided by
submergence in shallow burrows or water.

The giant constrictors differ in the degree to which they are presently in the pet
trade. In the last thirty years, over 1 million of these snakes have been imported into the
United States, of which about 60 percent were Boa Constrictors (based on CITES
records: Appendix). Other important imports are Indian Pythons (~300,000), Reticulated
Pythons (~150,000), Northern/Southern African pythons (~33,000), and Green
Anacondas (~13,000). The least traded species among those documented is the Yellow
Anaconda, which has been imported in small numbers (<2000), but this species has still
turned up at several localities in or near Big Cypress National Preserve, Florida. These
totals are documented imports, to which must be added an unknown number of imports
not ascribed to any particular python species, and sales of domestically produced giant



constrictors. Domestic production is undocumented, but believed to be greatest for
Reticulated and Burmese Pythons. For Burmese Pythons in particular, the domestic
production is judged to be as large as or larger than importation.

This list of differences among the species is less striking than are the ecological
commonalities among them. All of the species we consider are evolutionarily closely
related, in two recognizable clades: boids (the anacondas and boa: live-bearing) and
pythonids (the pythons: egg laying). They are of similar size, the larger species reaching
a maximum of nearly 10 m in total length, though few individuals exceed 6 m. Most
species occur in a very wide range of habitats, though the Reticulated Python is largely
limited to tropical forest, and two species of anacondas are found in a restricted range of
tropical wetland habitats. All are capable of climbing trees, especially when young, and
all will seek out water to avoid harassment or predators. All can be active at night or
during the day, though they seem to prefer warm weather. All well-studied species are
known to live within urban areas, at least under some conditions. Most significantly,
they all hunt by a similar strategy of restful alertness concealed near localities
(waterholes, rodent burrows) where a prey animal is likely to transit. This sit and wait
predatory style is probably responsible for their ecological success, and the extreme
difficulty humans have in finding them. Detection probabilities for the Burmese Python
in the Everglades are on the order of 1 in 1,000 per day, meaning that only a tiny fraction
of the population can be found on demand. Sit and wait predators may also be very
difficult to trap, as they encounter traps only during their infrequent moves between
hiding places.

All of the species under consideration are fecund, with the Reticulated Python
having the second largest number of young of any snake (maximum 124), and the other
pythons are close behind. All of the species under consideration can probably move large
distances over short time periods when so inclined. These two factors combine to make it
hard to limit the spread of their colonies. All of the species under consideration grow
relatively quickly; the fastest snake-growth records are all held by one or another of the
giant pythons. The giant pythons mature at a relatively young age, with some able to
breed in their second year and most capable of breeding by age 3-5, at least in captivity
(maturation ages are generally unknown in the wild). Despite their quick maturation and
large clutch sizes, the giant constrictors are capable of a long life, with captive longevities
reported in excess of 30 years.

Introduced predators are considered to be a greater threat as invaders if they are
generalist feeders, because no matter where they escape or are released they may find
suitable food. The giant constrictors are generalist predators on terrestrial vertebrates,
although the anacondas also regularly consume aquatic vertebrates. Generalist predators
are more likely to cause the extinction of vulnerable native prey because they continue to
thrive on alternate prey as they drive the vulnerable prey species to extinction. Specialist
predators rarely thrive when their preferred prey become rare.

All of the giant constrictors would have few predators on themselves in the
United States because they are so large. Large alligators and panthers would be capable
of eating the occasional giant constrictor, but large constrictors will likely eat alligators
and panthers. It is unclear whether any native predator would enjoy a net benefit.

There are a variety of reptile ticks that appear capable of transferring among any
of the giant constrictors; as examples of many potential pathogens of medical or



veterinary importance, snake ticks originating in Africa may carry heartwater disease
(potentially fatal to cattle) and ticks from Asia can convey capillariasis, a disease of
human health significance.

There are few data on which to estimate the likely population density of giant
constrictor populations, though the densities of Burmese Pythons near Everglades
National Park suggest that they can reach very high densities where rodents are abundant.

The list of traits shared by the giant constrictors includes many of the traits that
either increase the severity of their probable ecological impacts or exacerbate the
challenge of controlling or eradicating them:

e large size

o habitat generalist

e arboreal when young

e tolerant of urbanization

e sit and wait predator

o low detectability

e high fecundity

o long-distance disperser

e rapid growth

o early maturation

e generalist predator

e host for diseases of economic and human health significance

e high-population density
Thus in comparison to potential invaders lacking these traits, this group of snakes
constitutes a particularly high risk.

Using the rating system proposed by the Aquatic Nuisance Species Task Force
(1996), the components of risk include four elements of probability of establishment and
three elements of consequences of establishment. For the giant constrictors under
consideration, we judge the risk of establishment to range from medium (Reticulated
Python, DeSchauensee’s Anaconda, Green Anaconda, and Beni Anaconda) to high
(Indian or Burmese Python, Northern African Python, Southern African Python, Boa
Constrictor, and Yellow Anaconda), with the understanding that three of the species
(Southern African Python, DeSchauensee’s Anaconda, and Beni Anaconda) warrant their
rank primarily because they are actually or potentially sold in commerce labeled as if
they were a similar and closely related species (Northern African Python, Yellow
Anaconda, and Green Anaconda, respectively). If they were to be unequivocally
distinguished from their look-alikes, and if the current low volume of trade in these
species were to continue, they might constitute an absolutely smaller risk.

For the giant constrictors under consideration, we judge the consequences of
establishment to range from low (DeSchauensee’s Anaconda and Beni Anaconda) to
medium (Reticulated Python, Yellow Anaconda, and Green Anaconda) to high (Indian or
Burmese Python, Northern African Python, Southern African Python, and Boa
Constrictor). The overall organism risk potential, which is the sum of both probability of
establishment and consequences of establishment, was found to range from medium
(Reticulated Python, Green Anaconda, DeSchauensee’s Anaconda, and Beni Anaconda)
to high (Indian or Burmese Python, Northern African Python, Southern African Python,
Boa Constrictor, Yellow Anaconda).



Certainties were highly variable within each of the seven elements of the risk
assessment, varying from very uncertain to very certain; see the tables in chapter Ten for
certainty ratings associated with each element. In general, the highest certainties were
associated with those species unequivocally established in Florida (Burmese Python and
Boa Constrictor) because of enhanced ecological information on these species from
studies in both their native range and in Florida.



Chapter Two-Materials and Methods

Introduction

The core of this work—the biological profiles—are a work of traditional library
scholarship, gleaning relevant data from the peer-reviewed literature and talking to
experts active in each taxon (augmented by unpublished data from relevant sources and
by our own experiences with these species in the field and in captivity). We started with
keyword searches of relevant bibliographic databases, added relevant references from our
personal bibliographic records, and traced all relevant citation threads from primary and
secondary sources to the original publications. The latter approach was the most time
consuming, and it provided the most useful sources. We translated key original sources if
published in a European language, and contracted translation of a small number of
essential references in Asian languages. We relied on secondary sources only to the
extent that no better record was available, or if the secondary source credibly paraphrased
or translated a difficult-to-obtain primary reference. We generally did not attempt to
verify distributional records, and in most cases relied on recent comprehensive
distributional publications. In a few cases, we challenged certain key localities by
pursuing the original records or asking curators to verify specimen identifications, but for
most distributional details we relied on credible literature compendia.

In addition to secondary sources, we compiled the following number of primary
sources: Indian Python, 210; Reticulated Python, 205; Northern African Python, 71;
Southern African Python, 76; Boa Constrictor, 183; Green Anaconda, 67; Beni
Anaconda, 2; Yellow Anaconda, 30; and DeSchauensee’s Anaconda, 16. As is suggested
by these counts, DeSchauensee’s and Beni Anacondas are poorly known; it is at least in
part for this reason that we have combined those accounts with better known related taxa.
However, “better known” is a relative term, and it is noteworthy that none of the giant
constrictors are well known. Despite the giant constrictors’ persistent intense public
interest and renown, only a few of these species have been the subject of modern
ecological field studies. For example, credible dietary analyses have been published for
only a few species, and using data from only a few localities. We are unable to
characterize the body size, breeding season, or diet of any giant constrictor species
throughout its range. Furthermore, available studies have focused on divergent
ecological topics, complicating any attempt at direct comparisons of traits across species.
As examples, the interaction between ecology and reproduction is best known from free-
ranging Green Anacondas, whereas harvested Yellow Anacondas have yielded excellent
data on size at maturity and various other reproductive parameters, and radiotelemetry of
Southern African Pythons has revealed interactions between ecology and thermal
biology. No single species has received across-the-board ecological study, and the
ecology of some species is almost completely unknown.

Knowledge of the biology of these giant constrictors may be scanty, but
knowledge of appropriate management tools for these species is almost nonexistent.



Thus for the management profiles we relied to varying degrees on inference from the
management of other snake species, primarily the Brown Treesnake in Guam and the
Habu in the Ryukyu Islands (Rodda and others, 1999d). Management experience with
these snakes has identified natural history attributes that confine and steer management in
particular directions (see especially the Epilogue in Rodda and others, 1999d). For
example, the degree of arboreality of each snake species is a good predictor of the
challenges associated with snake barrier construction and the extent to which the species’
presence will be associated with electrical system power outages. We have used such
guidance to infer likely management issues that are conveyed in the management profiles
of each species account. Necessarily such inferences contain an element of uncertainty,
which is reflected in the species account narratives and explicitly stated in the uncertainty
ratings contained in the last chapter. Although some elements of management differ by
species, the giant constrictors share many natural history attributes, and the management
factors that are shared among all species are conveyed in chapter Three, the synopsis of
eradication tools.

Length Measurements

The lengths of snakes are often given in terms of the snake’s full length (including
the tail, as the tail may be hard to distinguish without having the animal in hand). In this
work, we use the abbreviation TL to designate the full or total length. However,
scientists often prefer to measure snout-vent length (SVL), which can be measured
somewhat more accurately and is less vulnerable to variation due to loss of the tail tip
from predators, desiccation, and so forth. Neither measurement is very precise in snakes,
because snakes are so elastic, and the giant constrictors are especially prone to
measurement error if measured alive, as their muscles routinely overpower those of the
measurer. Freshly killed material has a relatively consistent length, as long as the
specimen has not been appreciably cut or dislocated during the killing process. Alas,
many historical specimens of giant constrictors died a violent death and were distorted
prior to measurement. Moreover, there are almost no precise measurements in the
literature providing both SVL and TL (or equivalently, providing tail-length
measurements, which vary slightly with sex); thus converting from one measurement to
another is somewhat speculative.

In this work we provide TL measurements, estimated from the following table
(Table 2.1), which was compiled from all of the available literature sources (see
Bioprofiles). When the source data are measurements of total length in either feet/inches
or SI (metric) units, we express the lengths in either mm or m without further annotation.
If the source data are SVL measurements, we give the SVL value in parentheses.
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Table 2.1. Estimated body proportions for the nine giant constrictors considered in this work, by
sex (M or F) or of mixed-sex samples. These values used to convert SVL measurements to the TL
values reported in the text.

Tail (% of TL) SVL/TL TL/SVL
Species M F Mixed M F Mixed M F  Mixed
Indian Python 0.12 0.10 0.11 0.88 090 0.89 1.14 1.11 1.12
Reticulated Python 0.15 0.12 0.135 0.85 088 0.865 1.18 1.14 1.16

Northern African Python 0.12 0.11 0.115 0.88 089 0.885 1.14 1.12 1.13
Southern African Python 0.12 0.11 0.115 0.88 0.89 0.885 1.14 1.12 1.13
Boa Constrictor 0.14 0.10 0.12 0.86 090 0.88 1.16 1.11 1.14
Yellow Anaconda 0.14 0.13 0.135 0.86 087 0.865 1.16 1.15 1.16
DeSchauensee’s Anaconda 0.14 0.13 0.135 0.86 0.87 0.865 1.16 1.15 1.16
Green Anaconda 0.14 0.13 0.135 0.86 087 0.865 116 1.15 1.16

Beni Anaconda 0.14 0.13 0.135 086 0.87 0865 1.16 1.15 1.16

Climate Space

“Weather” characterizes atmospheric conditions at a single point in time;
“climate” characterizes seasonally average conditions, which are identified over time,
typically 30 years (World Climate, 2007). Characteristic climate parameters are average
rainfall or temperature at a particular time of year; typical weather values are whether it is
now sunny. Climate space describes the long-term (greater than one generation) climatic
conditions under which a population is known to persist, and is not equivalent to the
weather that an individual can tolerate. Individual or physiological tolerance can be both
greater and less than the climate space that supports a population. Individual tolerance
depends on acclimatization, which may occur gradually. At the wrong season, or with
the “wrong” recent experience, a snake may not be able to tolerate weather conditions
(for example, cold) that it could tolerate at other times of year, or when primed by
gradually cooling temperatures. Similarly, a snake in a burrow or hibernaculum can
tolerate atmospheric conditions that include weather that it could never survive if
subjected to directly. Exposed rattlesnakes cannot survive freezing weather, but
populations of rattlesnakes often live in climates that freeze! Similarly, desert tortoises
will die from midday heat if placed above ground on a Mojave Desert summer day, but
they are protected by their behavior of remaining in burrows during these conditions.

Conversely, a snake that is placed on the surface of the ground at 5°C will
probably survive (it is physiologically capable of surviving 5°C), but such a snake is so
cold that it would probably be incapable of protecting itself from a predator (it is not

11



ecologically viable); thus physiological tolerance is a misleading guide to ecological
success. Our “climate space” is a bivariate (rainfall and temperature) characterization of
the climates of occupied habitats and is not to be confused with individual physiological
tolerance.

Although it is widely recognized that climates are important and vary among the
native ranges occupied by giant constrictors, there appears to be no standard method for
characterizing climate space. Perhaps this is because climate has traditionally been
viewed as fixed in relation to geographic space. We now know that the climate is
presently changing at an evolutionarily unprecedented rate, and therefore it seems
appropriate to explicitly record the climate conditions under which the constrictors now
occur (and which presumably reflect geologically recent history and the snakes’ recent
evolution).

We used published sources to infer each species’ native range (these distributions
are summarized in each Species Account, section 3.1). We used exact specimen
locations whenever available, and more general regional information when unavoidable,
paying particular attention to records from high elevations and high latitudes. As we
were focused on the climatic extremes tolerated by the species, we compiled primarily
those locality records within 3 lat/long degrees of the periphery of the species’ range
(spot checking of more interior localities indicated that inclusion of interior localities
failed to appreciably expand the observed climate envelopes).

We used two approaches to extract climate profiles from each species’
distributional records. Where suitable climate records were obtainable from weather
stations (Indian Python and Reticulated Python), we used those empirical records (see
Rodda and others, 2009). On the other hand, there are many places in the world where
weather station data are sparse or unreliable. For those localities we used modeled
climate from Hijmans and others (2005). For the two Asian pythons, “presence”
localities were matched to the geographically closest choice from among the 85,000
weather stations reported in the World Climate (2007) data set, paying particular
attention to ensure an elevation match (where known). When possible, we used
individual weather stations that reported both mean monthly rainfall and mean monthly
temperature, but in a few cases combined records from nearby stations to obtain both
climate data types. The World Climate stations are grouped into lat/long cells of 1
degree; we matched these to locality records in the same cell whenever possible, but for a
few important localities could find matching weather records only for an adjacent cell
(only stations with similar elevations were considered). We were able to obtain a few
useful climate records for locations hosting Indian Pythons in Nepal from Schleich and
Kaéstle (2002). To analyze rainfall on a logarithmic scale and include weather stations
that reported zero rainfall during particular months, we coded zero rainfall means as 0.01
mm/mo (this value is slightly lower than the minimum possible from a weather station
recording a typical 30-year climate record).

To facilitate comparisons between different species, we plotted the occupied
climate space for each species on graphs with identical scaling and fixed reference lines
(Fig. 2.1). To make it easier to comprehend the values associated with the reference
lines, we identified familiar American cities that had seasonal climates that approximated
the intersections of the reference lines (Fig. 2.1). Thus the warm wet nexus is most
closely approximated by Hilo, Hawaii in summer; the warm dry nexus by Yuma, Ariz., in
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late summer; the cool dry nexus by El Paso, Tex. in winter; and the cool wet nexus by
Sitka, Alaska in fall. By comparing each species’ climate space to the positions of the
reference lines, it should be straightforward to assess their relative association with cool,
warm, wet, and dry conditions respectively.
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Figure 2.1. Schematic of climate space diagrams, showing representative American cities

near the reference line intersections. Yuma, Arizona is a hot dry city in the desert along the
California/Arizona border. Hilo, Hawaii is a wet windward city on the Big Island of Hawaii. Sitka,
Alaska is on the windward coast of a cool rainforest island in Southeastern Alaska. El Paso, Texas
is a dry cool (in Feb.) city in west Texas.

We plotted each of the climate records as 12-sided polygons, each vertex
representing the mean conditions for one month of the year. The 12-sided polygons often
doubled back on themselves to form figure 8s or other complex shapes. Interpretation of
these 12-sided polygons depended on whether the species in question was known to
hibernate or aestivate.

For species that hibernate or aestivate (for example, Indian Python), a minimum
convex polygon of climate records could overstate the range of conditions suitable for the
species to be active. For hibernating species, we treated the coldest vertices as
representing the conditions prevailing during hibernation, and we considered at least two
plausible hibernation temperature thresholds to quantify the likely duration of hibernation
from the native range climate records. If these counts of months in hibernation did not
conform to the hibernation durations in the literature, we inferred that the hibernation
temperature threshold we hypothesized was in error and chose another temperature
threshold that would produce a plausible hibernation duration. Once the quantified
hibernation duration was in line with published values, we tentatively accepted the
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hypothesized temperature threshold as plausible. Similarly, for species that are known or
suspected to aestivate, we evaluated periods of extreme aridity in the same way.

By progressively flagging the first, second, and third months of greatest aridity or
cold against the graphical background of the climate polygons, we inspected the
aggregated 12-sided climate polygons to determine the number of arid or cold months
that were largely confined to sparsely occupied climate space. In some cases we could
identify no clear break between sparsely occupied and densely occupied climate space.
In that case we relied on hibernation or aestivation durations from the literature. For
example, Minton (1966) reported a four-month hibernation period for Indian Pythons in
Pakistan; thus we evaluated alternate hypotheses of 3 (Clim3) or 4 (Clim4) months of
hibernation.

For each hibernation hypothesis, we fit the closest convex polygon that included
all points believed to represent climatic conditions experienced by active pythons (that is,
excluding those points deemed hibernation or aestivation), and checked these climate
hypotheses against field observations reported in the literature or by personal
communication from appropriate experts.

For species that do not hibernate, we considered all points of the 12-sided
polygons to represent climatically suitable conditions, and we fitted the closest convex
polygon that enclosed all occupied climate space. We then mapped all locations of the
United States that fell within minimum convex polygon’s climate space and scored
excluded localities by the feature (cold, hot, too wet, and too dry) that caused their
exclusion. Ifthere were climatically important disagreements among authorities
regarding the native range boundaries (for example, Reticulated Python), we derived
climate envelopes for both minimum and maximum estimates of the native range.

International Trade

To estimate the level of legal international trade in the giant constrictors, we
queried the CITES (Convention on International Trade on Endangered Species) trade
database (available at www.cites.org). All boas and pythons are listed under CITES in
Appendixes I or II, and signatories to CITES are required to annually submit records of
imports and exports of these species. We obtained CITES records of imports to the
United States from 1977 through 2007 for the species of interest; results are presented in
the Appendix and include records of over 1,100,000 individuals of these species imported
to the United States during this period. Although we present records through 2007, the
CITES website indicates that only records through 2005 are presently complete; more
recent records should therefore not be considered definitive. We summed annual trade
without regard to declarations of subspecies within any given species, as subspecific
epithets are not required except for taxa listed under CITES Appendix I, and thus the
subspecific identity of most individuals identified to species cannot be determined from
the documentation. Many of these species are somewhat similar in appearance, and their
taxonomy changes at alarmingly frequent intervals; such changes (for example, the
splitting of the former P. sebae into P. sebae and P. natalensis) may not be reflected in
import records. There are also LEMIS (Law Enforcement Management Information
System) records from the U.S. Fish and Wildlife Service that provided some of the trade
data we cite. However, there are many disagreements between LEMIS and CITES
records, as has been documented for wildlife trade in general (Blundell and Mascia,
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2005). Blundell and Mascia (2005) conclude that the records are “notoriously unreliable”
for a host of reasons. We can confirm their unreliability, but know of no better source of
information for quantifying the legal trade. Although the illegal trade in reptiles is
considerable (Christy, 2008), we know of no means to quantify the level of the illegal
trade and did not attempt to add the illegal trade volume to the CITES results. We are
also chary of accepting as fact the declared country of origin for many records due to
multiple anecdotal reports of cross-border smuggling and re-export of many of these taxa,
so in this document we did not attempt to identify the main countries of origin or major
trade routes. Accordingly, we consider the CITES import records to be the best available
metric of the international trade in these species, but we recognize several potential
shortcomings of the declared volume of trade.

Climate Matching

One controversial component of species-specific management is projection of the
areas of the United States that are climatically suitable for each giant constrictor (section
10.2 of each species account). There are many proposed methods for “climate
matching,” and we have chosen one that we believe most accurately portrays the regions
of the country that may be at risk. However, there are other approaches, which have their
own devotees. In particular, software designed for creating “Environmental Niche
Models” are often used for climate matching, as the environmental niche data supplied
with the software are primarily or exclusively climate measurements. In the following
section of this chapter, we explain the method we used; in the concluding section of this
chapter, we offer a brief defense of this selection. Please note that climate matching is a
rapidly evolving field of endeavor and some methods will no doubt prove unreliable and
be discarded in favor of methods not yet invented. We believe that current tools should
be relied upon to give an indication of the relative size and location of the geographic
area at risk, but should be used only with great circumspection to identify specific
localities at risk.

We also applied our climate envelope hypotheses to current world climate data
layers for monthly temperature and precipitation modeled from weather station data from
around the world to a 1-km resolution (Hijmans and others, 2005) to verify if all occupied
native range sites were identified as suitable.

Finally, we applied the identified climate envelopes to the current climate
for the United States. We obtained average monthly precipitation (cm) and average
monthly temperature (°C) data from the online Daymet database for the United States
(http://www.daymet.org; Thorton and others, 1997). Thorton and others (1997) used
daily observations from over 6,000 stations across the United States, collected from 1980
to 1997, to create the surfaces at a 1-km? resolution.

The equations defining the climate space minimum convex polygons were
implemented using Visual Basic for Applications with ESRI’s ArcGIS 9.0 ArcObjects to
produce the U.S. map of climate suitability. Where we considered alternative hibernation
hypotheses, the final maps were compared using the Raster Calculator in ArcGIS to
determine areas where the hibernation scenarios matched and differed.
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Reasons for Preferring our Method to the use of Environmental
Niche Models

Our method uses a priori identification of suitable climate metrics; Environmental
Niche Models (see next paragraph) generally use automated selection of climate metrics.
Both approaches incur the risk of selecting the wrong measure. We chose mean monthly
precipitation and mean monthly temperature as adequately representing the climate
attributes best associated with giant constrictor range limitations. The choice of monthly
metrics insures that the climate will be suitable during every month of the active season,
and that the inactive season length will not exceed that experienced in the native range.
We do not believe that daily values are appropriate for snakes that have access to natural
refugia, as the low metabolic demands of reptilian physiology, as well as the huge meals
eaten by giant constrictors, insures that they do not need to venture out every day or even
every week in order to maintain a net positive energy balance. We do not believe that
annual climate averages are meaningful to a giant constrictor, as a low annual
temperature average, for example, could reflect either continuously low temperatures (not
acceptable to a giant constrictor) or warm summers and frigid winters (acceptable to
hibernating species). A giant constrictor does not require that the conditions be
continuously suitable, but conditions must be suitable for a sufficient number of months
per year. Most species can probably aestivate for months to minimize exposure to
seasonally inclement weather or food unavailability, but this is not known with assurance.
While we chose mean monthly temperature and precipitation to represent the ecological
conditions pertinent to giant constrictor population viability, there are many other climate
metrics that could be used and may be plausible. For example, it may be that mean
minimum January temperature is a better metric, or mean winter minimum, or mean dry
season minimum or maximum, or extreme June maxima, number of frost-free days, or
some other characterization. We could simply try every possibility until we discovered
which one gave the most desired answer, but that would leave us guilty of the statistical
error known as “fishing,” which often gives spurious correlations. If you try enough
statistical tests, you will eventually discover one that “works,” but just by chance.
Fishing is expressly invalid as a statistical procedure whenever the chosen metric was
adopted because it gave the desired answer. A priori methods, in which the metrics are
chosen for a biological reason in advance, without knowledge of the statistical outcome,
are valuable because they offer statistical protection against spurious correlation, but they
do not ordinarily discover the best possible fit between climate conditions and a species’
native range boundary.

A popular alternative to a priori identification of climate metrics is the use of
automated programs that select the climate metrics on the basis of which metric gives the
best fit to the native range distribution. Generically such programs are often called
Environmental Niche Modeling programs, of which the current leader is MAXENT
(Phillips and others, 2004, 2006; Phillips, 2008; see also BIOMOD: Thuiller, 2003). In
the past GARP, BIOCLIM, CLIMEX were widely used (Nix, 1986; Sutherst and others,
1996, 1998; Stockwell and Peters, 1999; Peterson and Vieglais, 2001; Stockwell and
others, 2005; Beaumont and others, 2005).

Environmental Niche Models were initially used to characterize the habitat
features associated with plot data, wherein a particular species was encountered
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(presence) or not (absence), so that nearby sites that were likely to support “presences”
could be easily identified (geographic interpolation). For example, if one searched 50
plots in a nature reserve for the presence of one plant species, and the plant was found
only on north-facing slopes at elevations between 2,000 and 2,100 m, it would be prudent
to search for additional nearby populations of this plant on north-facing slopes at
elevations of 2,000-2,100. This localized use is relatively robust against overfitting and
lack of statistical independence among points, in that nearby sites are likely to have the
same suite of statistical confounds and collinearity as did the original plots. Collinearity
is said to exist when two variables covary; for example, mean January temperature and
minimum January temperature covary among sites. Elevation and temperature have the
same sort of collinearity. When interpolating geographically, the collinearity structure
between various metrics remains largely the same and therefore doesn’t greatly bias the
identification of suitable localities. However, if one chooses to use MAXENT to deduce
climate drivers or extrapolate climate space from one part of the globe to another, the
collinearity among climate attributes is very likely to have a different structure in the
projection sites, and due to the overfitting that is characteristic of such programs
(Beaumont and others, 2005), one is likely to get gross underprediction (too few sites
match the exact combination of characters that was present in the source location) and
erroneous identification of climate drivers (Randin and others, 2006). Using our plant
example, it is possible that north-facing slopes at an elevation of 2,000-2,100 m at lat 40°
N have a climate similar to a different locality (at say lat 50° N), where the same plants
might be found on south-facing slopes at an elevation of 3,200-3,400 m. However, if the
MAXENT model was calibrated on the original site only, it would overfit and fail to
predict the species’ occurrence at the second site.

A strike against MAXENT (and comparable automated fitting algorithms,
BIOCLIM, GARP, and others) is that it is methodologically opaque; the computations
cannot be reproduced by hand, as the procedure is complex and not fully explained in any
publication to date. Yet, it is so easy to use (software and data are available free on the
internet, one isn’t responsible for identifying the biases in other peoples’ data, and it takes
only a few minutes to crank out the maps) that many users accept the results and default
settings without exploring the sensitivity of the result to the choices made. For example,
we find MAXENT to be ultrasensitive to the boundary conditions set for selection of
pseudo-absences. In several papers we have seen authors inappropriately take pseudo-
absences from the entire rest of the globe. Others take them from unoccupied parts of
entire continents. These gross distinctions provide really good apparent-model fits (see
discussion of Area Under the Curve, or “AUC” below), but poor biological insight. The
creator of MAXENT is clear, however (Phillips, 2008), that taking pseudo-absences from
unrealistic localities is inappropriate; one should restrict pseudo-absences to those
portions of the globe that are potentially occupiable by the species (that is, nearby and not
separated from occupied range by dispersal barriers such as salt water, alpine zones, and
so forth). If this is done, one gets much more realistic AUC values.

A brief digression into AUC. AUC is a good metric for evaluating models
intended for binary judgments based on an uncertain threshold of a continuous variable.
An example would be a model for estimating presence or absence (a binary trait) from a
continuous habitat suitability score (for example, one that ranged from 1 to 10).
Environmental Niche Models assume a single optimum condition for a species presence,
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and every site is given a continuous score that reflects how close the site matches the
deduced optimum. Yet a species can only be either present or absent. Perhaps
“presences” would be best estimated for sites with habitat scores over 2.7, or maybe
presences would be better discriminated using a threshold of 3.1. Different thresholds
yield different binary selections, but which discrimination model works the best overall?
AUC deals with this uncertainty by plotting the accumulation of true positives against
false positives (that is, discrimination success) under all possible thresholds. The curve
itself is called a “Receiver Operating Characteristic” or ROC curve; discrimination
success is measured by the area under such an ROC curve, as the ROC curve bulges
upward maximally when true positives most greatly exceed false positives (Hanley and
McNeil, 1982). Thus the Area Under the Curve (AUC) is highest (on a scale of 0 to 1)
for the mathematical models that discriminate best.

If the model is totally lacking in discriminatory power it will yield an AUC of 0.5
(false results accumulate as fast as true results); progressively better discriminators will
have AUC values progressively closer to 1, and perfect reverse discrimination—for
example, scoring all black sheep white—will give an AUC of zero. As computation of
AUC is automated in MAXENT, and AUC often produces very satisfying values, it is
widely reported. If the true negatives (that is, pseudo absences) are outrageous choices
(for example, Siberia for tropical species), the model can be a really poor discriminator in
delineating the native range, but it will encounter so few hard choices that it will yield a
really good AUC. We’ve recently seen a suite of implausible models, none of which had
a reported AUC of less than 0.96. AUC may depend more on the choice of pseudo-
absences than on the fit of the model.

A very serious problem with MAXENT occurs when most of the native range is
on islands (for example, Reticulated Python) from which there are no suitable adjoining
land areas that are unoccupied. If the introduced or native range of a terrestrial species
extends to saltwater or any other physical barrier to dispersal, there is no climatic
interpretation to the range limit (absences should be given no statistical weight, Arntzen,
2006). All we can state is that the climate is suitable in the places where the species
occurs. If the native range limit occurs somewhere without a dispersal barrier, we can
infer that the species’ absence beyond the range limit is due to something, of which
climate is a viable hypothesis.

MAXENT gives equal weight to each point. This is especially problematic if the
data points were obtained from opportunistic museum collection localities (as is typically
done for climate matching). Therefore, if museum collectors do not randomize their
effort across the native range (and they don't), MAXENT is biased by the same factors
that bias the distribution of collecting locations. This is strikingly evident in many
studies we have seen (for example, Stockwell and others, 2005) where major portions of
a species’ range were undercollected and were therefore deemed unsuitable habitat by
MAXENT, GARP, and so forth. Environmental Niche Models are often primarily
inferring where collectors go to collect.

One reason why naive application of MAXENT yields results with poor
biological insight is that it automatically keeps adding more and more parameters as long
as some improvement in the model fit can be obtained. Because each climate axis can be
fit by any function (shape) that best matches the data set (a posteriori fitting), the model
can include a potentially infinite number of parameters—even if the number of axes is
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severely constrained (for example, five). This is a textbook case of statistical fishing, and
it leads to overparameterization or overfitting. There are statistical tools that can be used
to constrain the number of parameters (for example, a priori selection of hypotheses,
parsimonious choice of function complexity, Akaike’s Information Criterion; Burnham
and Anderson, 2002), but in most geographic applications, these statistical protections are
not invoked. Overfitting leads to underprediction, as is evident in many MAXENT-
derived maps showing that parts (often large and important parts) of the occupied native
range are projected to be unsuitable (for example, Pyron and others, 2008).

For an introduced population to survive and spread, the climate of the colonized
site must be within the range of climate conditions under which the introduced species
can survive and reproduce, a necessary but not sufficient condition (Guisan and Thuiller,
2005). Because population persistence is a complex interaction between the species and
its predators, parasites, prey, competitors, dispersal barriers, and transient habitat
conditions (Brown and others, 1996), the inferred climatic optima are context specific,
not a single absolute optimum such as is computed by MAXENT. A climate that, on
average, allowed a population to have a lambda of 0.98 in one place (a lambda slightly
less than 1 indicates a population that is slowly disappearing) might sustain the same
species in some other context (lambda = 1.01: a slowly increasing population). Thus we
fundamentally are in pursuit of the relationship of climate to demographic persistence
(lambda), a very complex, often indirect, and poorly understood function, which is likely
to be limited by different conditions in different places. The climate-demography
relation of an entire species cannot be adequately characterized as a single optimum in
climate space. At the local scale, Environmental Niche Models work well because the
demographic context is likely to be similar across the region used for small-scale
geographic interpolation. Environmental Niche Models can produce wildly inaccurate
results when applied to intercontinental extrapolation or deduction of climate drivers.

The ecological context prevailing in a species’ native range is likely to differ from
the context in its introduced range. Aside from habitat, topographic, and assemblage
differences, an introduced species typically sheds many parasites and predators when it is
translocated to a new environment. It is also likely to have passed through a genetic
restriction, meaning the new population is not a carbon copy of the old gene pool and for
this reason alone the outcome is likely to differ.

Given the contextual paradigm shift that may take place during a translocation
from native to introduced range, our preference is that climate similarity be treated as the
necessary but not sufficient condition (a one-sided prediction; on the correct side of a
given criterion the climate is potentially suitable) rather than being rolled into an
ecological black box to be inferred by automated data fitting (which assumes one optimal
condition, with incremental degradation to either side of the optimum). That is, any
occupied locality (whether native or introduced range), by definition, has a suitable
climate; the suitable-climate envelope may be larger than the occupied climate space
(indeed, additional climatically suitable but unoccupied localities are extremely likely for
such poor dispersers as reptiles and amphibians), but the climate envelope cannot be
smaller than that demonstrated by occupied areas. Some researchers distinguish a
fundamental or potential niche (maximum occupiable climate space) from a realized
niche (the actual climate space in a specific area, as constrained by biological factors
such as dispersal barriers, predators, competitors, and so forth) (Guisan and Thuiller,
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2005). Araujo and Pearson (2005) stated, “By relying on observed distributions (which
inherently reflect multiple range determinants, both historical and ecological) to
determine ecological requirements, this methodology is likely to underestimate the true
range of climate variation that species are able to tolerate.”

If one accepts the necessary but not sufficient conceptualization of climate
matching, the analytical goal would be to delineate the relevant climate characteristics
that encompass all occupied range. The word “relevant” is included so as to omit climate
characteristics that might apply to a particular locality but are not determining of the
species’ presence. For example, elevation is sometimes included in climate matching
algorithms, and it might correlate with a species’ boundary, but not determine it (perhaps
temperature, which correlates with elevation, is determining). In another place, the
temperature would still be determining, but the range limit would be at a different
elevation. Inclusion of elevation in a climate-match model in this case would be an
example of collinearity (temperature and elevation are correlated) and overfitting
(because the collinearity is site-specific and may not extrapolate). When such an overfit
model is projected to a different continent/context it gives an underprediction because the
elevation would most likely be a mismatch.

An alternate to the necessary but not sufficient conceptualization is the black box
approach, which holds that climate is a convenient proxy for many factors about habitat
(prey abundance, vegetative structure of habitat, temperature tolerance, and so forth), and
our analytical goal is to find the climate attributes that most closely correlate with the
boundary of the occupied native range. Knowing the closest climatic correlate allows us
to guess the likely spread of an invader without having to figure out the black box of
habitat-species interactions. Unfortunately, a climate projection based on such a
conceptualization will work well only if the demographically limiting factors in the
native range are duplicated exactly in the introduced range.

In this study we do not use climate matching as a tool for determining which
factors affect a species’ distribution; rather climate matching using plausible a priori
climate axes provides one measure of the areas of the United States that may be at risk
from a species invasion. Species with broad climate tolerances (for example, Indian
Pythons) will exhibit a broader United States climate match than species with a narrow
climate tolerance (for example, Reticulated Pythons). Such differences are visualized
geographically by comparing maps in section 10.2 of the different species accounts.
Demographically limiting factors that apply solely or primarily in the destination site
alone will constrain actual range limits to less than that shown on the map, an example of
overprediction. Conversely, demographically limiting factors that apply solely or
primarily in the native range will induce underprediction in the map; thus the area
actually at risk may be much larger than that shown. Current knowledge is insufficient to
assess the relative probabilities of under- and overprediction of these maps. To the extent
that all species accounts are vulnerable to the same magnitude of under- and
overprediction, the maps can be profitably compared to infer the relative geographic risks
associated with establishment in the United States.
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Chapter Three-Synopsis of Eradication Tools

Introduction

The thrust of this risk assessment is to tabulate and assess the ecological and
economic costs that could result from establishment in the United States of selected giant
constrictors, so as to inform efforts to prevent that establishment. Why then is this
chapter devoted to control of established snake populations rather than prevention of their
arrival? The biodiversity losses and economic costs attributable to colonization of a
mainland United States site by an invasive giant snake depend crucially on whether it is
practical to eliminate (eradicate) the colonization through control measures (Bomford,
2003). If the cost of eradication is high, the penalty for failure to prevent a colonization
includes the need to mount an expensive eradication program. If the cost of eradication is
relatively low and new colonizations can be routinely eliminated, a higher risk of
colonization may be tolerable. If eradication is not possible (or the cost is exorbitant), the
risk of colonization may not be acceptable, even if the known impacts of an introduction
are minor or few. Thus any risk assessment for a potential species introduction must
consider the costs for eradicating unwanted colonizations, and the prospects that such an
effort would be successful (Bomford, 2003).

The short answer is that no introduced populations of reptiles have been
intentionally eradicated anywhere on Earth to the best of our knowledge (F. Kraus,
personal commun., 2008). Thus, our toolbox of proven techniques is empty. One would
have little confidence that a snake colonization could be eliminated if one chose to do so.
However, few wildlife managers have made the decision to attempt eradication, and until
recently little research effort was devoted to identifying and perfecting reptile eradication
techniques (Rodda and others, 1999d). Based on the literature and our experience with
the Brown Treesnake on Guam, local eradication (that is, in small areas) is possible, but
may be costly. The prospects for success are strongly dependent on the geographic
extent of the population (Rodda and others, 1999a); most observers feel that eradication
of a large continental population (for example, Burmese Pythons in Florida) is
impractical, but opinions on the level of difficulty vary. Certainly we have no examples
to draw from, but ongoing research is producing a steady stream of innovations that
might be tapped. Here we review potential techniques for reptile eradication.

Note that this chapter does not attempt to review or even consider management
actions short of eradication. In the case of an established population, it may be prudent to
undertake a variety of management actions short of eradication. We know that rats are
controlled in every city in the world, even though there is no hope of eradicating rats
from those cities or the world. Pythons may be controllable in the vicinity of bird
rookeries for example, even if they cannot be eradicated from all of Florida. We may be
able to protect isolated places like the Lower Florida Keys from giant constrictors.
However, management recommendations for that sort of local control requires a careful
study of local conditions and careful application of management expertise as it applies to
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the particular constrictor species in question. Such a course of action could be described
and evaluated in a management plan for a particular situation, but for the purposes of this
work, we will limit the focus to whether and under what circumstances it is likely to be
practical to eradicate a giant constrictor population.

Management commonalities among giant constrictors. In this synopsis of
eradication tools, we do not provide separate analyses for the various giant constrictor
species, as there is no management literature or experience upon which to base species
distinctions. Furthermore, the giant constrictors share a suite of key traits that dictate
similar eradication practices (see Epilogue in Rodda and others, 1999d, for examples of
the relevance of such traits). For example, giant constrictors are notoriously cryptic and
often hidden and immobile and are therefore difficult to detect. An invader such as an
ibis is conspicuously colored and moves often; therefore it is very easy to spot if you are
near it (that is, detection probability near 1), promoting effective control by shooting. In
contrast, giant constrictors are routinely hidden from view inside soil, vegetation, or
murky water (that is, detection probability often <0.001). The giant constrictors all rely
heavily on ambush predation; thus control tools that rely on the snakes’ movements (for
example, traps) may be limited in application. The giant constrictors are all strongly
attracted to endothermic prey and are likely to be vulnerable to similar endothermic food-
based attractants (for traps or toxicants). The giant constrictors all eat infrequently,
complicating their control by food-based attractants. Thus given the similarities in their
natural histories, we anticipate that a similar suite of tools would be used for all of the
giant constrictors, with accommodation for the more aquatic habits of the anacondas
(though all of the giant constrictors spend time in aquatic environments, and those
environments must be an important component of any eradication).

Introduction to primary eradication tools. Because there is no literature on
eradication techniques or even control techniques for giant constrictors, we must cast a
taxonomically wider net to find examples of control tools. Witmer and others (2007)
reviewed all control tools for invasive terrestrial vertebrates in the United States. Veitch
and Bell (1990) reviewed tools used for invasive endotherms in New Zealand. Both
reviews note that the available tools are strongly dependent on taxon-specific attributes;
Witmer and others (2007) list only four tools for invasive reptiles and amphibians:
trapping, toxicants, dogs, and barriers. Barriers are used primarily to contain dispersal of
an expanding population or prevent recolonization of areas already cleared of invaders,
whereas trapping and toxicants are devices to collect targets or kill them. Dogs are not
usually the direct agents of lethal control, but are used to enhance detection and
localization of reptiles that can then be killed by some other method. Thus we can group
tools on the basis of whether they limit spread (barriers), localize the targets (dogs, traps),
or kill the targets (toxicants). To this list of four tools should be added visual searching
by humans, which is used extensively for many herpetofauna, including Brown
Treesnakes (Rodda and others, 1998; Campbell and others, 1999; Vice and Pitzler, 2002).
Searching for many species, especially snakes, can be done at night with the aid of
electric lights, and such direct searching is therefore often called spotlighting (Engeman
and Vice, 2001). While dedicated searches are usually far more effective per person-hour
than opportunistic detections by the general public, the general public has a vastly greater
number of eyes with which to make detections. Thus we will discuss enlisting help from
the general public as a tool for greatly increasing the number of detections.
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Introduction to secondary eradication tools. In addition to these five primary
eradication tools are several variations and some concepts that may have value in control
of invasive snakes. Witmer and others (2007) mention: (1) Judas animals, (2) introduced
predators, (3) habitat manipulation, (4) bounties, (5) frightening devices, (6) reproduction
inhibition, and (7) egg/nest destruction. Pheromonal attractants (8) have frequently been
mentioned as a tool for increasing the species specificity of trapping and toxicants.
Introduced predators are an example of biocontrol, but diseases and parasites are another
type of biocontrol that might be used to reduce (but not likely eradicate) an introduced
snake population (Simberloff, 2001). We will consider both introduced predators
(macropredators) and micropredators (diseases and parasites) in the section on biocontrol.
We will review each tool in turn.

Standard of success. In this review, our standard of success is whether the tool
would enable an incipient colonization to be eradicated. This is not a unitary threshold,
as populations differ appreciably in the geographic extent that is infested at the time that
the population is discovered or control is attempted. What works on a 2-ha colonization
may not succeed with a 20,000-ha colonization. Thus we will also discuss in a relative
way the geographic scale over which a control tool is likely to be successful (absolute
geographic determinations must await more information). Keep in mind that the primary
challenge of an eradication is not achieving a high body count or rapidly killing the bulk
of the population, but getting to the last individual. Any eradication program that kills
only the accessible animals, or the feeding ones, or the adults, or all but the largest few
individuals will be an eradication failure. The individual that is the least accessible and
the least vulnerable must be the defining focus of an eradication program—a standard
that is very difficult to meet.

One practical concern in the application of snake control tools is fire. Control
measures that involve the long-term placement in the field of control devices (especially
traps, toxicant bait stations, and barriers) can be incinerated by a wild fire. Fire is not
likely to eradicate any giant constrictor, as many individuals will escape the fire flames
by refuging underground or in water, but plastic barriers or bait stations and trap
attractants (such as live rats) may be impractical to relocate in advance of a rapidly
spreading fire. This factor should be kept in mind when contemplating such devices in
fire-prone areas.

Primary Tools

Primary Tool I-Limit Spread: Barriers

One can envision barriers as being physical (a fence), chemical (repellents),
ecological (adverse habitat barrier), or a gauntlet of control tools (for example, five rings
of toxicants/traps) that minimize the chances of a snake successfully passing through.
Physical barriers are used extensively in the Ryukyu Islands to aid trap capture of Habu,
Protobothrops flavoviridis (Shiroma and Akamine, 1999). Physical barriers have been
used for Brown Treesnakes, primarily to minimize the contamination of cargo or enhance
detection of snakes in potentially contaminated cargo leaving Guam (Perry and others,
1998). However, the large size of the giant constrictors suggests that the risk of
undetected snakes in cargo will be much lower for the giant constrictors than for the
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relatively diminutive Brown Treesnake. Numerous proposals have been floated for use
on Guam of Brown Treesnake barriers to prevent the recolonization of natural areas from
which Brown Treesnakes have been eliminated for restoration of endangered prey species
(Rodda and others, 1999a). In this application, barriers would enclose a patch of habitat
from which the extant population of invasive snakes can be eliminated. However, for
giant constrictors in the United States mainland, barriers have been suggested for
minimizing spread of the constrictors to previously uncolonized habitat (for example,
protect Florida Keys or prevent northward spread of Burmese Pythons). Although the
current management focus for giant constrictors emphasizes prevention of spread to
novel areas, management emphasis may shift to local eradication in a fenced reserve if
nationwide eradication proves impossible.

Are barriers effective, and if so, at what cost? Physical Brown Treesnake barriers
have been extensively tested and can be effective (Perry and others, 1998, 2001), but
other types of barriers (chemical, ecological, and control) have not been tested for Brown
Treesnakes. No barriers of any type are known for giant constrictors, but the Brown
Treesnake experience may be of value in anticipating the magnitude of costs and the
circumstances under which physical barriers would be effective. Brown Treesnakes are
much more slender than the giant constrictors; thus Brown Treesnakes can cantilever a
higher proportion of their body across gaps (Jayne and Riley, 2007). Nonetheless, the
reach of an ascending snake is primarily dependent on its length; longer snakes can
ascend further. In this regard the longer and more slender Reticulated Python is apt to be
a particular challenge for barrier design, whereas the shorter (Boa Constrictor) or more
heavily bodied species (anacondas) would be less of a challenge. Species-specific testing
would be needed, but it might be a reasonable first approximation to assume that a snake
can extend itself vertically between one-half and three-fourths of its body length (the
three-fourths value is based on Brown Treesnakes).

Left to their own devices, plants will grow onto a barrier and render it ineffective;
thus, control of encroaching plants is a significant maintenance cost for all barriers (Perry
and others, 1998, 2001). Maintenance costs can easily exceed construction costs over the
life of a barrier; the ratio of these costs will depend on details of the barrier
implementation.

Four environmental features are notable for sharply raising the construction cost
of Brown Treesnake barriers: (1) salt content of the air, (2) hurricanes, (3) surface-water
flow, and (4) steep terrain. Barriers can be established for areas lacking these attributes
for relatively low cost (exact cost strongly dependent on size of area and other features)
using metal mesh barriers. However, in areas with salty air, the metal mesh rusts within a
few years. Hurricane frequency is very high on Guam, but hurricanes are also a
consideration throughout the southeastern United States. If the purpose of a barrier is to
keep exotic snakes out of a nature preserve permanently, the barrier must be designed to
sustain the worst weather possible at the site, a costly consideration. Barriers can be
rebuilt after a hurricane, but it is highly unlikely that they could be rebuilt fast enough to
prevent surrounding snakes from penetrating the area and requiring an expensive
reextermination. Surface-water flow is a dominant environmental characteristic of the
south Florida areas that are most likely a point of original colonization for all of the giant
constrictors. Conversely, steep terrain will rarely obstruct barrier construction in Florida.
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In fire-prone areas such as the Everglades, it might be necessary to limit barrier designs
to those using only nonflammable materials.

All of the giant constrictors swim (see Bioprofiles) and likely would be willing to
enter water to bypass a barrier that terminated at the water’s edge. There are no known
snake barrier designs that prevent this (this is also a chronic problem for peninsular
barriers for invasive mammals in New Zealand; see problems reported in Lovegrove and
others, 2002).

Short lengths of hurricane-resistant physical barriers for Brown Treesnakes have
been designed and installed in the Mariana Islands, but these routinely incur construction
costs of >$500 per linear meter (unpub. data). Presumably barriers for giant constrictors
would be substantially more expensive (due to the greater height requirement), and costs
could balloon further if the barrier needed to cope with surface-water flow. Barriers will
interfere with the movement some non-target species. Thus physical barriers for giant
constrictors are probably limited to protection of relatively small geographic areas. There
are ample opportunities for research to identify and develop more cost effective physical
barriers for giant constrictors, as well as to test chemical, ecological, and control tool
barriers for these species.

Primary Tool lla-Localize Targets: Visual Searching

Direct searching is the most widely used tool for locating reptiles and amphibians
(Guyer and others, in press). Effective traps or toxicants have not been developed for
most herpetofauna and thus visual searching is often the only tool available. For those
species for which effective traps have been developed, such as for Brown Treesnakes or
Habu (Rodda and others, 1999d), trapping tends to supersede visual searching as the most
effective tool. However, visual searching for Brown Treesnakes remains the primary
detection method under three circumstances: (1) on perimeter fences surrounding high
value areas such as ports and airports (Vice and Pitzler, 2002), (2) for juvenile Brown
Treesnakes (which are not easily trapped: Rodda and others, 2007), and (3) in high-prey
environments, where traps work poorly (for example, on the island of Saipan, where prey
have not yet been depleted by Brown Treesnakes; Gragg and others, 2007). As the two
latter circumstances are defined by the capabilities (or lack thereof) of traps, and traps
have not been developed for giant constrictors, it is unknown whether the same logic
would apply to control of giant constrictors. Snakes climbing chain-link fences are
relatively conspicuous, which is the attraction of that particular implementation for
Brown Treesnakes, but chain-link fences are infrequent in Florida and many other
mainland United States sites, and we expect relatively little use by the comparatively
heavy-bodied giant constrictors.

It is notable that most giant constrictors are not systematically collected in their
native ranges; most are taken when encountered by chance (Shine and others, 1998a).
Thus there is not a body of native-range expertise to tap for refining visual search
techniques.

Visual searching is very labor intensive and therefore costly, but its application to
giant constrictors may be more constrained by limitations on physical access for visual
searchers than by labor cost. The three primary challenges in Florida (the most likely site
of colonization) are inundation, obstructing vegetation, and private property. Whereas
the site of original colonization of Burmese Pythons was Everglades National Park (thus
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private property is not an important factor in visual searching the area); dense low-level
vegetation and chronic inundation block effective searching of most Everglades habitat.
This is well illustrated by the low number of visual detections associated with the pythons
that were known (2005-2008) to be in an area by virtue of their radiotransmitter signal.
In 14.4 radiotelemetered python-years, we are aware of only four detections unaided by
use of the radio signal (S. Snow, pers. commun., 2008). During the radiotracking period,
there were visitors and searchers in a position to see pythons in the area every day.
Despite this human presence, the average python was detected by searchers or the public
about once per three years (4/5,270 days or 1/1,318 days). This implies that on any given
day, the probability of anyone finding an arbitrary python without the assistance of
radiotelemetry is only about one out of 1,318 days or 0.001 or 0.1 percent. This value
should be considered trustworthy only to order of magnitude, but the order of magnitude
has important implications for interpreting sighting rates and projecting control
effectiveness. Whereas some of the pythons were undetected because no one was
searching for them, and a few others were near a searcher but undetected due to
obscuring vegetation, the vast majority of nondetections occurred simply because
pythons rarely visit levees, roads or road berms, trails, or other locations frequented by
humans (Mazzotti and others, unpub. data, 2009). In most cases a python went
undetected simply because it was too far from any dry land or open water to be seen by
any observer walking, driving, or boating.

Radiotelemetric data are not available to judge this phenomenon in the other giant
constrictor species, although visual detections of insular Boa Constrictors in Honduras
are biased towards microhabitats that are seldom used by telemetered individuals (Reed
and others, 2007). The behavior of anacondas and Reticulated Pythons suggests that they
would be even less inclined to spend time on land (see Bioprofiles). The other pythons
and boas are less well known in this regard, though Boa Constrictors in some parts of
their native range have little association with water (chapter Seven). Thus more
information is needed to determine detection probabilities across a range of species and
habitat types.

Extended wavelength searching. A concept that is intriguing to some researchers
is that visual detection rates have the potential to be greatly enhanced through
technological means, such as providing different wavelengths of nighttime illumination
or extending human visual perception with tools such as FLIR (Forward Looking
InfraRed) designed to detect infrared radiation (heat) or other special value wavelengths
(R. Engeman, pers. commun., 2008). The prospects for extended wavelengths to enhance
visual detection are highly sensitive to the reason for lack of visual detection with
ordinary light. If the targets are within line of sight but are routinely overlooked (as a
result of the snake’s crypsis), a potentially productive approach might be technological
aids to visual detection such as FLIR, but if the cause of the snakes’ lack of detection is
intervening vegetation or water, extended-spectrum aids would be of no use.

The use of infrared (heat) detection has not yet been tested on giant constrictors in
the field. The fundamental problem with this approach is that nonbrooding giant
constrictors are ectothermic, meaning that they do not generate appreciable heat. Whereas
humans and other endothermic creatures are readily detected by the greater heat
production of their surfaces relative to background, snakes will differ from background
radiation levels only if they have recently moved from a medium with a different
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temperature, or absorb solar radiation at a rate greater than background. Thus if a
basking snake entered cooler water, it would present a thermal contrast with its
surroundings (though not detectable with infrared sensing equipment once the snake
submerged). Conversely, if a snake emerged from cooler water into vegetation or onto
ground heated by sunshine, it would present a cooler signal than its surroundings, until
thermal equilibrium was achieved (at which point the snake would disappear from a pure
thermal image). The attainment of thermal equilibrium is a function of the mass of the
snake and its thermal flux, which is itself a function of the starting temperature
differential (Christy and others, 2007). A very large python would take hours to
approach equilibrium if the starting temperature differential was large (for example,
emerging from cold late-winter water and basking in strong sunlight), but a small snake
would be close to equilibrium within a few minutes under the small environmental
temperature differences that prevail at night and through much of the year. Because giant
constrictors will generally attempt to achieve higher temperatures in the United States
mainland in the winter, the best opportunities for thermal contrast are likely to occur at
mid-morning with basking winter snakes. However, visual detection at mid-morning is
already near maximal due to excellent visible-wavelength lighting conditions. In the
evening, giant constrictors are apt to be in the water to take advantage of the daytime heat
that is retained longer by the higher thermal mass of water. As a submerged snake is not
detectable with infrared sensing equipment, the opportunities for enhanced detection at
night seem pretty limited.

There are practical difficulties in using FLIR equipment to spot giant constrictors
in daylight. Recall that snakes that have reached thermal equilibrium are not visible to
FLIR and are best seen with unaided eyes. Snakes that have just emerged into sunlight
from cooler water and those that have absorbed a lot of solar radiation and are basking
next to damp (evapotranspiring) vegetation are maximally visible to FLIR. One
presumes that the searcher wishes to detect all classes of snakes (those just arrived, those
at equilibrium, and any that are hotter than background). This implies that detecting all
snakes would require scanning each scene once with FLIR and once without. A plausible
solution involves using two observers (each dedicated to their own wavelength—and a
driver if conducted from a vehicle), but this increases costs over using a single observer.
It remains to be seen if such an arrangement would be more cost-effective than using the
excellent visible-wavelength light available at midday.

Brooding pythons showing shivering thermiogenesis should be thermally
detectable when they are shivering (among our giant constrictors, only P. molurus
unequivocally exhibits shivering thermiogenesis; Ellis and Chappell, 1987).
Unfortunately, Burmese Pythons shiver only under certain circumstances. For example,
the female may shiver if her clutch is somewhat cool, but not excessively so—if
excessively so, the brooding mother gives up attempting to warm the eggs (Vinegar and
others, 1970). We have no information on how often those circumstances would apply in
the United States mainland. The more likely impediment to the use of thermal imaging,
however, is that brooding pythons are usually hidden under dense and thick vegetative
cover. Thus, there would most likely be few or no visual angles from which the
temperature differential could be detected. Overall, the prospects for enhanced detection
through infrared signals are likely to have strong seasonal and temporal limits when
applied to giant constrictors in the United States mainland.

27



The relative difficulty of detecting giant pythons has vital implications for
controlling the population using either trained searchers or volunteers. If the average per-
day-detectability of a python is 0.001 and there is no heterogeneity among individuals in
their detectability, only a very small proportion of the population would be removed with
even a very substantial searching effort. With the number of searchers plausibly
available for python control, the rate of removal would be so low that natural recruitment
(roughly 50 eggs per female per year; see individual Bioprofiles) would presumably
exceed the capture rate.

An additional inference from so low a detection rate is that one should generally
assume that roughly 1,000 pythons are present for each one detected in habitats similar to
the Everglades. This should not be taken to imply that any individual sighting represents
a phalanx of undetected comrades; on average there will be many undetected individuals
(to the nearest order of magnitude, about 1,000) for each one detected. Naturally, the
exact detection probability is unknown and would presumably increase in areas that are
more accessible (for example, the rangelands and agricultural lands of Central Florida),
but the realized detectability may be lower on private lands that do not have the large
number of visitors and searchers found in the Everglades region. The point is not to
focus on the exact value, but to appreciate that all searching activity is seriously limited
by the low visibility of snakes, even giant constrictors, in low visibility and inaccessible
environments.

Detecting a giant constrictor is a key step in killing it, but one does need to
consider the challenges of capturing a snake that has been seen but not yet secured. Our
experience in Florida is largely limited to Burmese Pythons and Boa Constrictors, both of
which are remarkably easy to subdue unless they are very large or poised to flee into deep
murky water. They are “easy” in the sense that when on land they generally do not bolt
in response to visual contact with a searcher (in contrast to racers and other snakes whose
predator defense hinges on rapid flight). Though spectacularly muscular, most giant
constrictors do not move quickly at the sight of a human. In many cases they will hold
until they or the surrounding vegetation is contacted.

For safety reasons, no solitary searcher should touch a giant constrictor, but two
people can safely handle giant constrictors up to about 3—4 m in total length. Larger
snakes warrant additional handlers, though the basic approach is the same (noose or
obtain a grip behind head, and use additional handlers to restrain coils). Several
herpetoculturists have provided advice on the safe number of handlers needed for giant
constrictors of various sizes (Barker and Barker, 1997; de Vosjoli and Klingenberg,
2005). The latter paper cites with approval a guideline from the American Federation of
Herpetoculturists that solitary individuals should attempt handling only giant constrictors
less than 2.4 m (8 ft) total length, with an additional person present for each additional
1.2 m (4 ft) in total length. These standards comport well with our personal experience.

Bites from giant constrictors can do considerable tissue damage (see a particularly
ghastly wound from a Reticulated Python in Barker and Barker, 1997), so care is needed
to avoid their many sharply recurved teeth. Rapid flight is rarely a problem with solitary
Burmese Pythons on land. Individuals in shallow water can often be handled in the same
way, with the additional challenge of determining where the head is located, as it is often
obscured by murky water or vegetation. Capture of giant constrictors that are swimming

28



in deep water is probably best handled by noosing with the support of sufficient handlers
to keep the struggling animal from endangering the stability of the handlers or their boat.

Shooting. Shooting has often been suggested for safety in capturing and
restraining giant constrictors. Shooting is most attractive when the target is readily
detectable but will not easily allow a searcher to get close enough to permit hand capture
or noosing. Thus shooting is often used for ungulates, birds, and carnivores, but is rarely
used for small mammals (for example, rodents, with the exception of nutria), reptiles, or
amphibians (Witmer and others, 2007). Shooting is often restricted in National Parks or
urban settings for reasons of safety or visitor equanimity. Shooting may be warranted for
reptiles that are particularly dangerous to touch (for example, venomous snakes or
crocodilians); very large individuals of the giant constrictor species will fall into the
dangerous-to-touch category. An appreciable drawback of reliance on firearms is the
restriction to ricochet-safe areas and to use trained shooters. Mortally wounded reptiles
(even those shot through the head) are notorious for crawling some distance before dying,
and the head of a giant constrictor is a relatively small target; shooting can be an
unreliable method of euthanasia. Shooting with a stun gun is used in Australia to
incapacitate large crocodilians and probably could be used to advantage on giant
constrictors as well (G. Zug, pers. commun., 2009).

Primary Tool llb-Localize Targets: Public Reporting

Trained searchers are the best for visual searching, but there are comparatively
few of them (Stanford and Rodda, 2007). The general public is, or can be, well informed
on the significance of sighting giant constrictors, and most people will eagerly submit
such information to responsible authorities. Opportunistic sightings are presently being
reported to the Python hotline in southern Florida (S. Snow: 305 815-2080). Hotlines of
this sort have proven to be of enormous value in locating Brown Treesnakes on islands
where Brown Treesnakes are not established (Hawley, 2007). In addition, volunteers can
be induced to provide systematic searches in areas of special interest. Both approaches
(opportunistic detections and volunteer searches) are powerful tools that not only address
a crucial information need, but also generate interest and support among the public.

The pool of volunteers is not unlimited in number or stamina, however. The key
is to ensure that public reporting is used where it is most effective. Maximal efficacy is
likely to occur in areas where sightings are so rare that early detection is at a premium,
and too few professional searchers are available to address the need. Thus opportunistic
call-ins and volunteer searches are most productively steered towards areas at the fringe
of the known occupied range of an invasive giant constrictor.

This focus on peripheral areas may conflict with the desires of volunteers.
Volunteers are most enthusiastic about searches that result in many captures. Low
reward rate is well known to diminish the efficacy of searchers, even trained searchers
(Henke, 1998). The Brown Treesnake Rapid Response Team uses a variety of gambits to
minimize the inherent problem of low reward rate; for example, the placement of
physical target models (rubber snakes) in the search area with rewards for those who
detect them. Volunteers also participate in training workshops conducted in high-target-
density areas, with concomitant high-reward rates (Stanford and Rodda, 2007). Another
approach is to ask the searchers to report other species of interest. In Florida, for
example, searchers could be asked to report all snakes seen, so that the searchers’ minds
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stay focused on a vision of a slender cryptic reptile in the vegetation, while providing
valuable baseline data on encounter rates with competing species at risk.

One would expect that enthusiasm for volunteer searches would be highest in
areas where the presence of the snakes is novel. As the population of invaders becomes
better established, one would expect the pool of volunteers to wane. Unlike bird
watching, which is an established form of recreation often conducted from the comfort of
an automobile, searching for dangerous snakes in a swamp at night has fewer steadfast
devotees. During a high-profile snake hunting contest conducted on Guam at the peak of
the Brown Treesnake irruption, a fully loaded four-wheel-drive pickup truck was
awarded to the duo who collected the most snakes in one month (Rodda and others, 1998,
1999¢). Out of a human population of more than 100,000 potential searchers, hundreds
stepped forward to volunteer for snake searching, but at the end of the month 85 percent
of the snakes had been brought in by just three pairs. The ecological consequence of this
contest was that the island’s snake population was reduced by only an estimated 0.2
percent (Rodda and others, 1998, 1999¢).

Another consideration on the use of volunteers is that unlike Brown Treesnakes,
giant constrictors are potentially dangerous to hunters, and misidentification of snake
species in the southern United States can lead to fatalities. Legal liabilities need to be
addressed forthrightly and in advance. Also, if volunteers are to be used in nature
reserves (such as National Parks), some mechanism needs to be in place to ensure that
volunteers do not collect native species opportunistically while they are on “patrol.”

In summary, hunting for giant constrictors by sight probably offers the best
opportunity to involve the public in reporting new locations for a spreading population.
However, the low detectability of giant constrictor snakes in heavily vegetated
environments (especially in the southeastern United States) probably precludes use of this
tool for eradication. Searching may yet prove to be an important component for local
control, especially in high visibility environments such as mowed grass on public
property. Research opportunities exist to enhance the effectiveness of visual searching
by new optical tools, careful selection of searching times and conditions (for example,
only on days colder than X degree in sites with abundant basking sites, and so forth.), and
detailed knowledge of the behavior of snakes with regard to their visibility.

Primary Tool lll-Localize Targets: Trapping

In combination with toxicants, trapping is the backbone of control for most
secretive animals (Veitch and Bell, 1990; Witmer and others, 2007). The majority of
Brown Treesnakes are taken by traps (Vice and Pitzler, 2002). The vast majority of
invasive rodents are taken with toxicants (Veitch and Clout, 2002). As both tools rely on
food-based attractants, at least as now operationally deployed for snakes, the primary
difference is that traps provide greater opportunity for the release of non-target species,
but traps tend to be more expensive to build, deploy, and maintain.

The primary drawback for trap control of giant constrictor snakes is that there are
not yet any designs for giant constrictor snake traps that have demonstrated effectiveness.
A variety of ad hoc designs have been reported in the literature, but their effectiveness
has neither been demonstrated nor quantified (for example, Auliya, 2006). Thus they
may or may not be practical. Though traps have proven adequate for local eradication of
Brown Treesnakes (Campbell, 1996), Brown Treesnake traps suffer from inability to
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capture juvenile snakes (Rodda and others, 2007; Tyrrell and others, 2009). Thus
discovery of an effective giant constrictor trap design does not guarantee that traps can be
used efficiently for eradication (which requires the removal of all individuals).

The scope for improvement of giant constrictor traps is probably substantial, as
the capture rate of Brown Treesnake traps was improved by about two orders of
magnitude during research on that tool (Rodda and others, 1999b). However, there are
several additional challenges associated with trapping giant constrictors. Most obviously,
the traps must be much larger; this implies significantly greater challenges in fabricating,
moving, deploying, and storing giant constrictor traps. Also, Guam is largely upland
habitat, with no inundation at trap locations. Traps for use in South Florida, or for any
species that is often found in water (that is, most of the giant constrictors) would need to
accommodate a wide variety of water depths and periods of inundation. Giant constrictor
traps used in the mainland United States would need to provide avenues for escape or
release of the many species of non-targets present in the focal area. Among the key non-
targets are rats (which are sometimes endangered and in all cases prone to damaging traps
through gnawing), alligators (somewhat dangerous to remove from traps, and inclined to
damage traps when trying to escape), raccoons (notorious for dexterous destructiveness),
large species of protected snakes such as Indigo Snakes (cannot be automatically released
without allowing small giant constrictors to leave), venomous snakes (dangerous), and
birds (cannot be left in traps for extended periods). However, if traps are checked
regularly (for example, daily), it should be relatively straightforward to release the non-
targets safely.

A key consideration for traps is that giant constrictors appear to be primarily sit-
and-wait or ambush foragers (Shiroma, 1999, discusses trapping implications). A
fundamental premise of detection is that moving targets are best detected with stationary
devices and stationary targets are best detected with moving devices (Koopman, 1946).
To the extent that giant constrictors sit and wait for long periods of time, they may be ill-
suited to control with stationary traps. However, some traps are designed to force the
occasional movements of a target into the vicinity of a trap. When applied to reptiles, the
forcing device is called a drift fence, and it works for many species because the moving
animal tends to follow the line of the fence rather than change to an entirely new
trajectory. Basically the traps are placed alongside long stretches of barrier fencing; a
snake that runs into the barrier slithers along the barrier until it runs into a food-attraction
or barrier trap, which effectively collects the snakes from an area defined by the length of
the fence. As fences can be made very long, drift-fence traps can be highly effective, as
they are for the sit-and-wait Habu (for example, Hayashi and others, 1999). Whether this
concept will work for giant constrictors remains to be seen (anecdotal evidence suggests
that this concept does not work for Brown Treesnakes; our unpub. data).

The primary limitation of traps as a large-scale management tool is that they
provide no economies of scale. Two hundred traps cost about twice as much to run as
one hundred traps, largely because the cost is mostly the labor of baiting, checking, and
maintaining the traps. This limits the size of the area that can be controlled with trapping.
We are aware of no snake trapping operations that exceed a few thousand traps. The size
of the area covered by a few thousand traps depends on trap spacing. The successful use
of traps for sit-and-wait snakes has required very short intertrap spacings, such as 10 m
(presumably because sit-and-wait snakes move only short distances per day; see Shiroma
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and Akamine, 1999; Katsuren and others, 1999). At 10-m spacing, each hectare requires
100 traps (Shiroma, 1999, suggests 200 traps per hectare), and thus 1,000 traps would
service about 10 ha (about one-twenty-fifth of a square mile). In contrast, Brown
Treesnake traps are fully effective when deployed at about 16/ha or one-eighth the trap
density of Habu traps. In summary, traps may be a cost effective tool for local control of
invasive giant constrictors, but they need R&D and probably cannot be used for
eradication of extensive colonizations.

Primary Tool IV-Localize Targets: Detector Dogs

Detector dogs are widely used for transportation system interdiction of biological
agents, including invasive snakes (Shiroma and Ukuta, 1999; Engeman and others, 2002).
We can call such dogs cargo-sniffing dogs. Dogs are often used as an adjunct to hunting
ungulates such as pigs or goats (hunting dogs). However, dogs are rarely used for
landscape control of invasive reptiles, with the exception of some experimental use for
Brown Treesnakes (USGS unpub. data) and Habu (Shiroma and Ukuta, 1999). Our
experience with them is that they are reasonably good at finding Brown Treesnakes even
when the snake is too high in the trees for the dog to physically contact, but there are
challenges in searching dense vegetation with detector dogs (we have not attempted to
locate snakes in association with water, but doubt its practicality for that application).
Overall, USGS detector dogs on Guam have detected a known radiotelemetered snake in
a defined search plot in about 35 percent of our trials. This indicates that a substantial
fraction of the snakes was not located, but that dog teams are far more effective than
human searchers (humans detect 7 percent of available snakes per search at 16-m search-
transect spacing on Guam; Christy and others, unpub. data). Thus there may be a potent
role for detector dogs in locating giant constrictors, at least in appropriately accessible
habitat. This discussion is focused on dogs, but there is no compelling reason why other
types of sniffer animals could not be used. However, the limitations on detector dogs
would apply to a wide variety of other sniffer species as well (see below).

A likely drawback of sniffer dog detection of giant constrictors is that the dogs,
which are remarkably expensive to train and maintain, could be killed by their targets.
All of the giant constrictors have demonstrated an appetite for dogs. Even if an attempted
ingestion were to be unsuccessful, the dog could become reluctant to hunt for giant
constrictors if it had a bad experience with one. This was the outcome of a detector dog
encounter with a Habu (Shiroma and Ukuta, 1999); after getting bitten it was unwilling to
hunt snakes. Perhaps a large dog could be trained to signal the presence of a giant
constrictor at a safe distance. Considering the various limitations on use of a sniffer dog
for detection of giant constrictors in the United States (such as limited searchable habitat,
time of day, size of snake, and so forth), it seems unlikely that detector dogs would play a
large role in the landscape-level control of a giant constrictor. Where they might be
indispensible is in detection of the last few snakes in an incipient colonization that was
detected early enough to carry out an eradication by other means, or perhaps when
attempting to define the limits of the expansion of a population. Training of a sniffer dog
requires a substantial commitment of resources for facilities, and human and dog training.
If the dog were to be used to determine if an eradication had been completed, the dog
would have to be able to distinguish the target giant constrictor species from native
snakes (false positives are unacceptable when the question is whether any of the targets
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remain). Experience with detector dogs indicates that this capability is well within a
good dog’s abilities, but requires lengthy training (probably >1 yr). Training of detector
dogs is unlikely to be justifiable for a giant constrictor species that is not yet known to be
present in the United States. If training was delayed until the population was
unequivocally established, the requisite training and testing time might be too much for
the dog team to be available for the timely eradication of an incipient population. These
factors warrant due consideration in any plan to use detector dogs for giant constrictor
control.

Primary Tool V-Kill Unlocalized Snakes: Toxicants

Toxicants are the premier tool for eradicating introduced rodents (Wodzicki,
1978; Veitch and Bell, 1990), and they have also been used for invasive birds, mammals,
and carnivores (Witmer and others, 2007). Rodents are particularly attractive targets for
toxicants because rodents gnaw impulsively, some species cannot regurgitate, and their
small size and high metabolism dictate nearly continuous feeding (Wodzicki, 1978).
Snakes, on the other hand, often volunteer to go without eating for months at a time; this
is especially true of giant constrictors (see Bioprofiles; Murphy and Henderson, 1997,
recount multi-year fasts among most of the giant constrictors). Toxicants
(acetaminophen) have been successfully applied on a local scale for Brown Treesnakes,
and ongoing work may perfect aerial application for landscape scale use on Guam
(Savarie and others, 2007). However, there are few or no non-target species on Guam,;
there are no native terrestrial snakes on Guam (Rodda and others, 1999¢c). The key
challenge for toxicant application to invasive giant constrictors on the United States
mainland is finding a way to prevent harm to non-target species, especially non-target
snakes. In the southeastern United States, a special challenge is associated with
protecting the Indigo Snake (Drymarchon couperi), both a State and Federally listed
Threatened Species. Because the Indigo Snake is large (maximum total length 2.8 m)
and has a diet that overlaps with that of the giant constrictors, it is challenging to identify
a device that would exclude this particular non-target while poisoning all sizes of giant
constrictors. The Indigo is of special interest, but many other vertebrates may take
poison baits intended for giant constrictors, including most carnivorous or omnivorous
birds, mammals, and reptiles (and larger frogs), and as far as is known all of these native
species are vulnerable to acetaminophen toxicity. Brown Treesnakes are very slender,
facilitating their exclusive entry into narrow cylindrical bait stations, but the giant
constrictors are relatively, well, giant, making it more challenging to configure a bait
station that would allow their unimpeded entry while defeating such clever and dexterous
competitors as raccoons, or such numerous and relentless non-targets as crabs and rats.
Scientific opinion is divided on whether this problem is surmountable, but no definite
ideas for doing so have emerged. Toxicant developers routinely struggle with the issue
of preventing non-target take of poison baits, and we see little evidence that any of the
mechanisms proposed for other species would be applicable to acetaminophen use on
giant constrictor snakes on the United States mainland.

Although we are not aware of any giant snake toxicants that are chemically
harmless to the non-targets of concern, it is possible that such a compound may exist.
The cost of identifying and registering such a product would be sensitive to the
availability of appropriate pharmacological information. Acetaminophen was chosen for
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Brown Treesnake poisoning because it was already registered for other uses and was
associated with vast quantities of pharmacological data. At the time of acetaminophen’s
registration, the registrants judged that only known products were within the economic
range of practicality for the substantial expense of obtaining a registration for use on
Brown Treesnakes. Registering an entirely new product takes years of expensive testing
and perhaps a decade of experimental documentation. Presumably the same fiscal
constraints would apply for obtaining a registration for a giant constrictor toxicant. There
is presently no toxicant registered for use on any snakes in the United States mainland.

An additional challenge for giant constrictors is that the dosage would need to be
sufficient to poison snakes weighing up to about 150 kg (for anacondas; less for smaller
species). This is crucial, because many of the non-targets have smaller body masses and
would therefore be vulnerable, even if the toxin were to be relatively less toxic to them.
For example, acetaminophen is highly toxic to felines including domestic cats, a non-
target on Guam. Cats are protected to a degree on Guam because most cats are an order
of magnitude or more heavier than a typical Brown Treesnake. Whereas cats may be
sickened by ingestion of a Brown Treesnake bait on Guam, they would not receive a
lethal dose, as each poison bait contains only enough to kill a Brown Treesnake.
However, the non-targets on the United States mainland are uniformly smaller than an
adult giant constrictor, creating an additional challenge for the identification of a safe
toxin.

Summary of Primary Tools

Given current knowledge, the primary tools for eradicating invasive reptiles are
traps and toxicants. Both have been used successfully for control but not eradication of
invasive snakes. However, there are significant non-target challenges in using toxicants
for giant constrictors on the United States mainland. It is very difficult to see how one
would poison invasive snakes without considerable and possibly unacceptable ancillary
damage to non-target carnivorous or omnivorous birds, mammals, amphibians, and
reptiles. In the one use of snake toxicants to date (acetaminophen for Brown Treesnakes
on Guam), the poison baits (dead neonatal mouse with acetaminophen tablet inserted
inside) appear generally effective for adult snakes, but are not eaten by smaller Brown
Treesnakes (our unpub. data). There is no reason to think that such a limitation would
apply with equal force to giant constrictors, but the existence of such a limitation for the
well-studied Brown Treesnake is a reminder that one cannot assume that any
hypothesized tool for giant constrictors will be free of such constraints. Given the current
state of knowledge and funding, it would be presumptuous to assume that any
colonization of a giant constrictor could be eliminated through the use of toxicants, or
even that an appropriate toxicant could be discovered and registered in time.

Traps are also likely to have significant limitations for eradication of an incipient
colonization. Above all, the practical size of an area that could be trapped is small, and
thus it would be necessary for an incipient colonization to be discovered and treated
before the population spread very far. Successful traps for giant constrictors are presently
unknown, with an unknown time interval needed to develop effective models, if that is
even possible. Regardless, there may be serious constraints on their use, potentially
including a high requisite trap density (as the giant constrictors are sit-and-wait predators
and thus would be aware only of nearby traps), limitation of use to favorable substrates
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(may not be practical in areas of inundation or impassible vegetation), vulnerability to
wildland fires, and high labor and transportation costs needed with frequent monitoring to
release non-targets unharmed. However, there appears to be no intrinsic obstacle to the
development of cost-effective traps for effective local control, if timelines are sufficiently
accommodating. For example, traps could be an essential component of keeping
Burmese Pythons from spreading to the Lower Florida Keys, or to reduce their impacts
on colonial bird rookeries.

Other tools that have been used for invasive snakes are visual searching (unlikely
to result in eradication unless the infested area is very small) and detector dogs (most
useful for monitoring the completion of an eradication using some other tool).

Secondary Tools

Secondary Tools I-Judas Snakes

Judas animals have been used most often for highly social ungulates, such as
goats, as part of an eradication program based on shooting. The first several goats taken
in such an eradication effort are live-trapped and radiocollared, then marked
conspicuously (should be visible to any hunter) and released. The released goats seek out
their own kind and accompany them, allowing radiotrackers to locate and decimate each
Judas goat’s herd at will. When its last compatriot is shot, the Judas goat will most likely
seek out a new herd to accompany, with the same detrimental effect on its colleagues.
The Judas animal approach has been invaluable for invasive goat removal, as it
eliminates the need to find the herd, costs only one radiotransmitter per Judas animal,
provides locality information for all goats, including both sexes and all sizes, and
continues working as long as the radio works (and the Judas animal lives).

The application of the Judas animal stratagem to giant constrictors is more
circumscribed, as giant constrictors seek out their own kind primarily or exclusively for
mating. Thus juvenile snakes are not likely to be vulnerable to exposure by the Judas.
However, many of the giant constrictors accompany their prospective mates for long
periods of time during the mating season. Most notable are anacondas, Burmese Pythons,
and Southern African Pythons (boas accompany their prospective mates in small parts of
their range, and the other species may do so under some circumstances, but long-duration
cohabitation appears limited to a few species). From a demographic perspective the most
valuable targets are adult females; thus one would radio-mark adult males, which could
lead one (at the appropriate season) to adult females. On an informal basis this has been
done successfully with Burmese Pythons in Everglades National Park (S. Snow, pers.
commun., 2007). A constraint on this approach with giant constrictors is that the Judas
snake would generally lead one to only a single female at a time. Whereas several males
might be accompanying this female (so the yield of captured snakes may be more than
one per tracking event), the yield would rarely include more than one female. The cost of
the requisite radiotracking is substantial (radios must be surgically implanted; snakes may
need to be followed for weeks before one finds them with a mate), and the practicality of
this approach will hinge on the “force multiplier”: how many targets are killed for the
cost of the radiotracking effort. As with trapping, it is difficult to obtain any economies
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of scale when using Judas snakes, but the approach works and may benefit from research
to make it more cost effective.

Secondary Tools lI-Biocontrol

Biocontrol takes two forms: predator-based and pathogen-based. Predator-based
biocontrol is the introduction of a higher order predator, which it is hoped will depress
the population of the target. Pathogen-based biocontrol is the introduction of a disease,
parasite, or fungus that one hopes will be fatal and highly contagious, and thereby depress
the population. The primary advantage of biocontrol over other tactics is that the agent of
control is self-sustaining. The primary disadvantage of biocontrol is that the agent of
control is self-sustaining; if it has undesirable effects, there may be no way to eliminate
it. If it fails to sustain itself, it would not continue to control the target. An ideal
biocontrol agent would attack only one species and be just successful enough to sustain
itself without impacting non-target species, and with enough demographic vulnerability
itself that it could be destroyed if conditions warranted doing so. Caudell (2001)
screened 57 potential Brown Treesnake predators, but found that none was socially
acceptable as a biocontrol agent introduction to Guam. Vertebrate predator-based
biocontrol has been attempted on numerous occasions, especially on islands (Davis and
others, 1976; Howarth, 1999). The record of successes is small, and the number of
catastrophic failures (non-target species decimated or even driven extinct by the predator)
is large (Davis and others, 1976; Bykovskii and Kandybin, 1988; Howarth, 1991). Asa
result, it is against U.S. Fish and Wildlife Service policy to introduce predator-based
biocontrol agents for vertebrates (there is also a question as to which higher order
predator would qualify for preying on giant constrictors!), and we will not entertain that
notion further.

Pathogen-based biocontrol has a stronger track record, but almost exclusively
with invertebrate hosts (Davis and others, 1976; Bykovskii and Kandybin, 1988). For
example, Waage (1997) (and Waage and Mills, 1992) as President of the International
Association for Biological Control strongly promoted biocontrol agents for invertebrates,
but opined that no acceptable agents were known for vertebrates, because the putative
vertebrate agents lacked sufficient species specificity. Furthermore, whereas
invertebrates have rudimentary immune systems, they lack the ability of vertebrates to
rapidly mount immune responses triggered by pathogen-specific structures such as t-
cells, and to produce new types of t-cells in response to a new pathogen (Davis and
others, 1976). Vertebrate immune systems tend to interact with pathogens to produce
progressively lower virulence in the biocontrol agent over generations (Dobson and
others, 1992; Nokes, 1992). This has been a strong pattern, with few vertebrates that
have been subjected to arguably successful pathogen-based biocontrol (Nokes, 1992).
The most often cited example is the use of rabbit hemorrhagic fever and myxoma virus
with rabbits in Australia (Mutze and others, 1998). Both resulted in a significant
depression in the rabbit population immediately following the release of the disease
agent, but in both cases the rabbits recovered in a few generations as the pathogen
evolved lower virulence (Fenner, 1983; Bykovskii and Kandybin, 1988; see also Berthier
and others, 2000).

Pathogen-based biocontrol has been studied by a number of researchers in Brown
Treesnakes (primarily native range parasites and paromyxo virus) and Habu (primarily
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Entamoeba invadens), with no appropriate agents yet identified. Nichols (1990, 1999;
Nichols and Lamirande, 2001) studied captive Brown Treesnakes infused with paromyxo.
Dobson (1988) proposed the use of Entamoeba invadens for use on Brown Treesnakes,
but provided no data (see Telford, 1999, for support for use of parasites). Others have
screened a variety of putative control agents from natural populations (classical
biological control) of Brown Treesnakes (MacKerras, 1961; Schad, 1962; Ewers, 1968;
Whittier and others, 1997; Caudell and others, 2002), but found no agent that appeared to
lower populations. Ishii and coworkers have long pursued use of Entamoeba invadens
for population reduction in Habu (Ishii and others, 1971, 1976, 1979, 1981; Ishii and
Noboru, 1971; Ishii and Hayashi, 1978; Ishii and Sawai, 1999), without advancing to
field trials or identifying a species-specific or highly virulent strain.

It is noteworthy that biocontrol has not been used for the eradication of invasive
species (Simberloff, 2001). This is due to the unlikelihood of a disease agent causing the
extinction of its own species-specific host (and therefore itself). In general, disease
transmission slows and stops as the hosts become rare; thus pathogen-based biocontrol
has not been known to extirpate an introduced host (Holmes, 1982). When a disease
agent causes the extinction of a host, it is normally because the extirpated host is a
secondary host (secondary in the sense of lesser importance), and the numbers of the
pathogen are sustained by a persisting primary host (Holmes, 1982). However, one
would rarely get permission to release a pathogen in order to kill a secondary host, as that
implies a greater risk to a non-target species. If the primary host was also an undesirable
invasive species, one can imagine that such a scenario could be approved by regulatory
authorities, but we are hard pressed to envision such a scenario involving giant
constrictors on the United States mainland.

One highly significant impediment to the application of biocontrol for giant
constrictors or any snakes is that the science of snake epidemiology is primitive in the
extreme. Virtually nothing is known about the virulence, spread, or pathways of diseases
of snakes in the wild. Most snake diseases, such as the paromyxo studied in Brown
Treesnakes in the 1990s (Nichols, 1999), are unknown in the wild and may not propagate
there, though they do impact giant constrictors in captivity (Manvell and others, 2000).
Viruses are also notoriously unstable and prone to jump to non-target hosts (Hoddle,
1998). Presumably one would have to conduct a very substantial body of research to
obtain the necessary biological facts about a putative control agent. For example, in the
early 2000s a blue-ribbon panel was convened (under pathologist Thierry Work, USGS,
Honolulu) to guide research into pathogen-based biocontrol of the Brown Treesnake.

The panel concluded that such a research program was warranted only if one could
devote about 10 years and $50M to the program, as lesser amounts were unlikely to
progress to the point of a suitable agent. Many proponents of pathogen-based biocontrol
have advocated the use of advanced genomic science to enhance the virulence of a
pathogen-based agent (Interdisciplinary Center for Biotechnology Research, 1992).
While we do not doubt that such an enhancement is possible, one has to presume that
such an enhancement would engender substantial additional research cost, both for
development and testing of the novel biological product. In most scenarios, the
genetically modified enhancement would be vulnerable to the evolutionary pressures that
tend to diminish a pathogen’s virulence over generations. While pathogen-based
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biocontrol of giant constrictors in the United States mainland might be possible, the
requisite costs seem beyond that which would be available for this purpose.

Secondary Tools lll-Habitat Manipulation

Habitat manipulation is a tool to manage pests, not eradicate them. Habitat
manipulation of a gross sort is commonly used for control of Habu (Mishima and others,
1999) and Brown Treesnakes (Campbell and others, 1999), for example, by removing
trees from the vicinity of transportation facilities. Brown Treesnakes are less inclined to
cross mown grass to reach an objective, though they are capable of doing so. We can
think of no habitat manipulation that would absolutely prevent incursion by a Brown
Treesnake, and the same limitation is likely to apply to giant constrictors in the United
States mainland.

Secondary Tools IV-Bounties and Adding Value

Bounties do not have a very favorable reputation for the management of invasive
species, in that they tend to pay people for activities that the people would do anyway
(hence there is no gain), and bounties rarely result in eradication of a colonization
(Singleton and others, 1999). Typically bounties lose their potency as the target species
becomes rare because the financial reward becomes an insufficient motivator for the
progressively greater effort needed to capture the remaining individuals. Bounties have
never been used successfully with invasive reptiles. Given the various restrictions on
access inherent in the complex wetlands of southern Florida, it is difficult to see how a
bounty could be raised to a high enough level to stimulate hunting of rare giant
constrictor snakes in all suitable habitat.

If the bounty was raised to a level that would stimulate such hunting, one risks
creating a perverse incentive for hunters to both distribute the pest to new areas (spread
the wealth-yielding opportunities) and lobby for continuation of the lucrative business
(that is, prevent the pest’s extirpation). One can even imagine hunters holding a few
individuals back to insure continuation of their business model. In St. Lucia, Lesser
Antilles, bounty hunters turned to breeding Bothrops snakes (Fer-de-Lance) for the high
bounty payments they could obtain from the litters of nearly 100 neonates (Devaux,
1995). The giant constrictors also have very large litters/clutches. This perverse
potential of bounties can be generalized by noting that any feature that adds value to an
invasive species (selling the hides for leather, making tourist trinkets of them, and
promoting safaris to come see the novelty) creates economic pressure to assure the
population’s continuation, and further spread. If eliminating an invasive is a social good,
one should not create economic incentives for its persistence.

Secondary Tools V-Frightening Devices

Snakes appear relatively insensitive to sound (they can hear, but do not seem to
react to the sounds that startle humans, birds, and mammals; doesn’t every visitor bang
on the glass of snake cages at zoos, to no avail?), and thus audible frightening devices of
the sort used to scare birds from airports or crops are unlikely to be successful. With
reference to the Reticulated Python, Wall (1926) stated, “It lies for hours completely
inert, treating contemptuously all efforts on the part of spectators to provoke a

38



movement.” Visual cues and chemical means are the primary sensory channels that have
been suggested for repelling snakes. Both have been the subject of experiments with
Brown Treesnakes (McCoid and others, 1993; Caprette, 1997), though only chemical
sprays have been shown to have any effectiveness (see McCoid and others, 1993, for the
failure of a static chemical barrier). Chemical sprays such as cinnamon oil (including
cinnamon-scented air-freshening sprays) will induce Brown Treesnakes to flee from close
confinement (Clark and Shivik, 2002), such as in cargo, but there has been no suggestion
that this tool would have application on a landscape scale. We expect that the same
limitation would apply to repellents/ejectants discovered for use on giant constrictors.

Secondary Tools VI-Reproductive Inhibition

The first question to ask of any reproductive inhibitor is, “In what way is
contraception an improvement over a toxicant?” Bomford and O’Brien (1997)
formalized the search for circumstances favoring contraception and found few applicable
to Australia, as few contraceptive systems were effective or cost effective. When dealing
with charismatic large mammals in urban settings (typically deer), reproductive inhibition
may be chosen due to animal welfare promoters’ support for nonlethal tools (the public
would prefer not to kill ‘Bambi,” but they’re okay with deer being sterile) and concern for
non-target death of pets (which is a risk with many toxicants in urban areas). There is a
more subtle advantage of reproductive inhibitors that applies to social species in which
the dominant male (typically a harem master) behaviorally suppresses the reproduction of
same-sex social inferiors (Caughley and others, 1992; Kirkpatrick and others, 1997). In
this case, one gets a multiplier; for every dominant male whose reproduction is
suppressed, several subordinate males are also kept from reproducing. In contrast, if the
dominant male in such a species were to be killed, the harem master would quickly be
replaced by another sexually competent male. Thus there are three situations in which
reproductive inhibition might be favored over ordinary toxicants (Guynn, 1997): (1)
environments where non-target victims of a toxicant are highly valued (for example,
Endangered Species); (2) target species that society values alive, even if they are sterile;
and (3) behavioral dominance that keeps subordinates from breeding. Giant constrictors
are not known to be a magnet for animal welfare concerns, nor are they deemed better
alive and sterile than dead (pt. 2), and giant constrictor societies are not known to have
harem masters” (pt. 3), but many of the non-targets associated with giant constrictor
toxicant use are highly valued (for example, Indigo Snakes); thus point 1 might apply in
some contexts.

Could a reproductive inhibitor be found that would impair the reproduction of
giant constrictors in the United States mainland but not that of non-targets such as Indigo
Snakes? If so, reproductive inhibitors would have a clear advantage over use of a
toxicant. Unfortunately, nothing is known of reproductive physiology of giant
constrictors that suggests a uniqueness that could be exploited for the purpose of
contraception. Hormonal and immunological systems are thought to be relatively
conserved in the evolution of snakes (Hoddle, 1998) and would likely be identical
between giant constrictors and native American snakes.

? Subordinate individuals defer to the harem master, a pattern unknown in wild giant constrictors. Male-
male scramble competition is routinely seen, but this does not appear to have an element of deferring to the
dominant male except in captivity (Barker and others, 1979) where escape is impossible.
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This would appear to leave only two options for reproductive inhibition of giant
constrictors: (1) embark on a study of the reproductive physiology of giant constrictors in
the hope of discovering a vulnerability specific to these species (basic research
approach), and/or (2) prepare a delivery system that would keep native snakes from being
exposed to a generalized inhibitor of snake reproduction (exclusive delivery system).
Both approaches have potential, but the basic research approach runs a high risk of being
time consuming, expensive, and fruitless, and a putative exclusive delivery system could
just as easily be applied to toxicants (so why not apply it to toxicants?). As we discussed
in the toxicant section, there is no intrinsic reason that such an approach would fail, but
no one has yet suggested a plausible means to make it succeed.

In summary, reproductive inhibition remains a theoretical possibility, but would
require a substantial investment in research to discover a physiological basis for
distinguishing native snakes from giant constrictors, or invention of a non-target-
excluding delivery system more likely appropriate for toxicant application.

Secondary Tools VII-Egg/Nest Destruction

Egg/nest destruction is normally used only for birds, usually colonial nesting birds
whose nests are easy to find and destroy (but the birds themselves flee successfully).
Python nests (the other giant constrictors are live bearers and do not have nests) are
exceedingly difficult to find and are almost always guarded by the brooding female,
which is unlikely to flee. If one can find brooding females, it would be more effective to
destroy them.

Secondary Tools VIlI-Pheromonal Attractants

Pheromonal attractants have been suggested as the solution to the non-target
problem because they are species-specific. That is, if the attractant in a trap, toxicant, or
reproductive inhibitor is a chemical messenger (pheromone) recognized only by the
target species, few non-targets would fall prey to the trap/toxicant/reproductive inhibitor
(Mason, 1999). Furthermore, if evolved resistance to the delivery system is a concern
with long-term lethal control, one need not fear evolved resistance of a species to its own
pheromone(s). Evolved resistance should not be a concern if the introduced population
were to be eradicated, but could become a concern if eradication failed and chronic
control of the invasive species were to become necessary. Thus chemical
characterization and synthesis of a pheromone that draws giant constrictors into a trap or
to a poison bait would be a scientific accomplishment of the first magnitude; we see no
downside to this.

However, it could be difficult to do for the following reasons:

(1) Only one snake pheromone has been synthesized to date (Mason, 1992);
considerable work on other snake systems including Brown Treesnake pheromones has
failed to isolate the compound (Waye, 2007, was originally an attempt to isolate the
Brown Treesnake courtship pheromone). No one is certain how to solve this problem of
analytical chemistry. Ifthe Brown Treesnake pheromone being pursued turns out to be a
mixture (“bouquet”) of compounds rather than a single chemical, it could be very
challenging to identify the appropriate mixture as the number of potential combinations is
astronomical, and non-targets might respond to the mixture or some of its constituents.
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(2) If a pheromone were to be successfully synthesized, it might induce a behavior
that is not very useful. For example, Brown Treesnake mating pheromones clearly
induce Brown Treesnake males to attempt copulation with a pheromone-containing
substrate, but they have not been found to draw the snakes into a trap or ingest a bait.

(3) Most snake pheromones are believed to be nonvolatile (Mason, 1992). That
is, instead of wafting through the air, there must be a trail of the pheromone leading to the
target. In theory such a trail could lead a snake into a trap or to a bait, but to date no one
has induced a snake to do that. Substrate-born attractants draw snakes in from only a
very limited area (in contrast to airborne compounds), and there may be significant
practical problems associated with laying the trails inexpensively and as often as
required. Anecdotal suggestions that pheromones may be occasionally volatile in pythons
(for example, Diamond Pythons, Morelia spilota; Brien and others, 2008) have not been
confirmed by research.

(4) The leading model of snake attractant pheromones (Mason, 1999) has the
pheromone being released by the skin of gravid females, inducing approach by sexually
competent adult males. Though this has been studied and documented in Brown
Treesnakes and other colubrid snakes, it very probably occurs in giant constrictors as
well. A problem is that such a system captures only adult males. Adult males are the
most demographically expendable stratum of the population. Unless one eliminates all
adult males repeatedly until all of the juvenile males have matured and been killed, the
population reduction may be minor.

(5) It makes biological sense that a sexual pheromone should decay very rapidly,
as no male snake would want to be chasing a scent trail left weeks earlier (whose
perpetrator may be long gone). An artificial scent trail that needed frequent renewal
could be biologically successful but impractical.

(6) To be useful for managers, a pheromone must be species specific, but the
discovery of a species-specific pheromone requires considerable work with each species.
One has difficulty envisioning that the potentially large expense of discovering, isolating,
characterizing, and synthesizing a novel pheromone would be funded unless a specific
species were established in the United States to justify such a protracted research project.
In that case, the pheromonal product would be unlikely to be available in time to play a
role in eradicating an incipient colonization, and there is no guarantee that an appropriate
pheromone exists. Whereas the pheromonal “bullet” is potentially silver, it is unlikely to
be timely for the purpose of preventing establishment. If a synthetic pheromone becomes
available but attracts only adult males, it may still be useful for early detection of
individuals expanding the species’ range into new areas (for example, pheromonal
“sentinel traps” in the Florida Keys).

The leading pheromone attractant model mentioned above (female scent draws
adult males) is not the only possibility. It is theoretically possible for a pheromone to
apply to both sexes and all ages. For example, some snakes are attracted to scent left by
conspecifics of any age or sex (Burghardt, 1980, 1983). Waye (2007) found evidence for
the existence of a pheromone that promoted aggregation in Brown Treesnakes. Such
social (as opposed to sexual) pheromones could prove very useful for population control.
To our knowledge such social pheromones have not been isolated, much less
characterized or synthesized for any snake species, but they remain a very attractive
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scientific goal, especially if they should prove to be species specific, chemically stable,
and inexpensive to make.

Summary of Secondary Tools

Of the various secondary tools we have considered, one is likely to be actively
detrimental (bounties or adding value), and three are unlikely to be useful for landscape-
scale control (habitat manipulation, frightening devices, and egg/nest destruction). A
fourth (Judas snakes) has potential for local population control, but seems difficult to
scale up to the level needed for landscape control. Biocontrol, reproductive inhibition,
and pheromones are potentially applicable at almost any scale. Biocontrol is ill-suited for
eradication and success would likely require an unprecedented investment in ophidian
epidemiological research. Biocontrol has not had long-term success for vertebrate hosts,
but it has the theoretical potential for reducing snake populations on a large scale. For
reproductive inhibition to be species specific and an improvement over species-specific
delivery of toxicants, it would require either an unexpected breakthrough in our
understanding of basic snake reproductive physiology, or a delivery system that achieved
species specificity in a way that would not be available for delivery of a toxicant. No
such system has been suggested. Pheromones are a possible silver bullet, but the leading
paradigm for their use would deplete only adult males. Research into species-specific
social aggregation pheromones could solve this problem, but to date no such compound
has been characterized for any reptile.

Overall Summary

Many tools have the potential to benefit from additional research, but none is
ready for landscape-level control or eradication of giant constrictor populations.
Pheromone research might open a new pathway for control or eradication, but would
most likely require an appreciable increase in the level of research funding. It is highly
likely that visual searching and traps will continue to be the primary tools for control of
invasive giant constrictors. Improvement in these primary tools is probable as a result of
continued research, but current methods exhibit capabilities to eradicate an incipient
population only if the measures are vigorously invoked at the very beginning of a
colonization. However, a monitoring and response program for timely detection of
incipient colonizations of reptile invaders has not yet been established on the United
States mainland, and thus eradication is unlikely to be successful.
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Chapter Four-The Indian or Burmese Python,
Python molurus

Biological Profile

1.0 Introduction

Each species in this risk assessment package is described and evaluated in three
sections: