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Section 1. Executive Summary

The introduction of invasive wild boar (sus scrofa) in the 1990’s has posed a significant threat to
the native ecology, economy, and society of Brazil’s wealthiest and most populated state, Sdo
Paulo. The primary authority on this issue of in situ wildlife management, including invasive
species control, is the Secretariat of the Environment of Sdo Paulo’s Wildlife Department who
have the opportunity to establish a state Wildlife Conservation Policy during the 2015-2018
administration.

The damage created by invasive wild boar and questions about the role of public participation in
wild boar removal that S&o Paulo is currently facing has been a challenge experienced decades
longer in the United States. This report will draw upon the experiences and management
approaches taken primarily at the state-level of the United States to provide the Secretariat of the
Environment: (1) a review of policies and methods utilized at the state and federal-level in the
United States for managing wild boar, (2) a policy analysis of three state-wide wild boar
management policy alternatives revolving around public participation in wild boar management,
and (3) final recommendations for a state-wide policy approach for wild boar management with
an adaptive management framework, including a maximum entropy model for suitable wild boar
habitat in the state of S&o Paulo.

This report ultimately recommends that the Secretariat of the Environment of Séo Paulo (SMA)
adopt policy alternative 4, Government Implemented Wild Boar Control, and create a state-wide
wild boar management plan implemented by state and local wildlife agencies with minimal
private wild boar management efforts. This report recommends limiting public participation in
boar removal to control on private land and strictly prohibiting public participation on all State
and Federal Conservation Units within Sdo Paulo. The SMA’s Wildlife Department should
implement an adaptive management plan that maximizes removal effectiveness by (1) utilizing
modern removal methods in an effective sequence and (2) prioritizing removal efforts to protect
critical natural resources in areas susceptible to wild boar damage and invasion before resilient
populations can be established.
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Section 4. Introduction

The Wildlife Department of the State of Sdo Paulo’s Secretariat of the Environment has
designated wild boar, sus scrofa, as a top priority for invasive species management in the state of
Sao Paulo. The Wildlife Department is interested in invasive wild boar management approaches
abroad due to the threat that wild boar pose in the near future for Sdo Paulo’s native ecosystems,
economy, human health, and cultural resources. In particular, changes in legislative and political
factors such as the national authorization of wild boar control permitted by the IN 03/2013
decree and the 2015-2018 administration’s goal of creating a wildlife policy for the state of Sao
Paulo have created an opportunity for the Secretariat of the Environment to investigate different
approaches to wild boar management as the Secretariat considers a state-wide wild boar
management policy for the State of So Paulo.

This Master’s Project intends to explore invasive wild boar management in the United
States with a focus on state-level management methods, techniques, and policies where lessons
can be learned from different management approaches and outcomes.

The purpose of this Master’s Project is to provide a report to the Secretariat of the Environment
with:

» Context for wild boar damage to natural resources, economy, human health, and cultural
resources;
Understanding of methods and techniques for wild boar management in the United
States;
Policy approaches in the United States taken at the state-level;
Explicit trade-offs when these policy approaches are translated into policy alternatives for
Séao Paulo;
Recommendation for a policy alternative for State-wide invasive wild boar management;
and
Guidance for taking an adaptive management approach.

YV V. VYV V¥V

Section 5. Background

Wild Boar in Sdo Paulo

Wild Boar

According to the Invasive Species Specialist Group and IUCN, the wild boar, sus scrofa, is one
of the 100 most destructive invasive species in the world. Native to Eurasia and promulgated by
European settlers hundreds of years ago, wild boars have invaded every continent except
Antarctica. The wild boar has created enormous issues for ecosystem processes and human
welfare including: damage to agricultural production, predation of native flora and fauna,
outcompeting of native fauna for resources, disruption of native vegetation, facilitation of spread
of invasive flora, impaired water and soil quality, and transmission of diseases to humans and
wildlife (ISSG 2004). However, the degree of damage and certainty of causal effects in the



damage caused by wild boar varies depending on geographical, ecological, social, and political
contexts (Gabor et al. 1999).

In much of the management and scientific literature, wild boar, feral hogs, wild hogs, and sus
scrofa are often used interchangeably. For the purposes of this Master’s Project, “wild boar” will
encompass invasive sus scrofa and any hybrids with domestic swine or other breeds of swine.

Description

Similar in appearance to their domestic counterparts, wild boar have different variations in coat
patterns with mature individuals reaching a shoulder height of 36 inches and weighing from 45-
180 kilograms, with males generally growing larger than females. Wild boar have relatively poor
eyesight but possess an acute sense of smell and hearing (Taylor 2003).

Diet

Wild boar are omnivorous and exhibit a high level of plasticity in their diet which has
contributed to their successful invasion of its nonnative range (Barrios-Garcia and Ballari 2012
hogheaven). Although the diet of wild boar is primarily dominated by vegetation (Adkins and
Harveson 2006; Ditchkoff and Mayer 2009; Schlichting et al. 2015), wild boar also scavenge and
predate on vertebrates including reptiles, amphibians, birds, and mammals (Taylor 2003).

Reproduction and Breeding

Another major contributing factor to the wild boar’s success in their nonnative range as well as
their historic resistance to management is their reproduction and breeding characteristics.
Namely, wild boar: 1) reach sexual maturity at a young age; 2) farrow multiple litters a year; 3)
produce large litters; and 4) have low natural mortality rates (USDA 2005).

Puberty occurs between 6-10 months (Barrett 1978), with some females reportedly reaching
puberty as soon as 3 months of age. Capable of producing an average litter size of 4.8-7.5
squealers (Ditchkoff et al. 2012), wild boar are capable of farrowing twice a year, but can
reproduce up to three times a year under favorable conditions (Dzieciolowski et al. 1992).
Reproductive rates in areas of good habitat stay relatively high due to presence of domestic
swine genetics in some populations (Fulgione et al. 2016). Wild boar breed throughout the year,
with observed farrowing peaking in winter and early spring and again in midsummer (Barrett
1978).

More recent research has suggested that areas of higher levels of wild boar control pressure are
eliciting compensatory breeding and reproductive responses in wild boar as wild boar in more
heavily controlled areas are reaching puberty faster and producing larger litter sizes than wild
boar in areas of less pressure. (Servanty et al. 2011).

Behavior

Generally considered intelligent and highly adaptable, wild boar have been observed adapting to
different forms of management including moving home ranges away to areas with lower hunting
pressure and foraging at night to avoid day hunting (West et al. 2009; Tolon et al. 2009). It is
widely thought that wild boar become trap-wary or educated in escaping traps but little empirical
data exists on the matter.



The social structure for wild boar differs based on gender. Females often travel with related
females and their offspring in groups known as sounders, typically consisting of 3 generations
with 8 or less individuals (Kaminski et al. 2005). Males on the other hand typically exhibit more
solitary behavior (Gabor et al. 1999).

Distribution

The introduction of wild boar in Brazil has come in different waves. The first introduction of
Wild boar in Brazil occurred more than 200 years ago when domestic pigs escaped in the
Pantanal ecosystems. A second wave of wild boar was introduced on Brazil’s southern border
with Uruguay in 1989 when wild boar from Uruguay were reported in the south part of Rio
Grande do Sul, Brazil. Within three years, Brazilian corn producers had reported damage to
crops from wild boar (Deberdt and Scherer 2007). The third introduction of wild boar that is
primarily responsible for the most to the range expansion of wild boar in S&o Paulo began in the
early 1990’s when wild boar began to become imported from Europe and Canada to legal and
illegal breeding operations in Brazil to meet culinary demand for more “pure bloodlines” of wild
boar. The subsequent release of wild boar began between 2000 and 2005 when the government
halted additional breeding operations and culinary demand faded led many breeders to reduce the
economic burden of wild boar by releasing their stock of wild boar into the wild (Salvador
2012). By 2014, wild boar was observed in nearly a quarter of Sdo Paulo’s municipalities (156
municipalities) making wild boar exceedingly more prevalent in Sdo Paulo than any other
Brazilian state (Pedrosa et al. 2015). The continued modern spread of wild boar in Brazil comes
from 1) the dispersal from extant populations, and 2) translocation and introduction for meat
consumption and recreational hunting (*Salvador 2012, Deberdt and Scherer 2007). The spread
of the invasive species is exacerbated by crossbreeding between domestic swine and wild boar
where domestic swine are free-ranged. Estimates of population density of wild boar in southern
Brazil range from 0.22 — 22.3 individuals per km2. (Salvador 2012, Puertas 2015).



Figure 1. Distribution of Wild Boar in Southeast Brazil municipalities. Municipalities in green
display reported wild boar in 2007. Municipalities in orange display additional municipalities that
have reported wild boar as of 2014. Source: Pedrosa et al. 2015.
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History and Ecology of Séo Paulo

With an annual GDP that accounts for nearly a third of Brazil’s national GDP and over 42
million inhabitants living in 645 municipalities, the state of Sdo Paulo is Brazil’s most populous
and economically productive state (Governo Do Estado 2016). The metropolitan area around the
city of the Sdo Paulo occupies a mere thousandth of Brazil’s land but contains 10% of Brazil’s
entire population (20 million Brazilians) (Becker et al. 2012). The state has become Brazil’s
largest consumer market with a large industrial sector that produces 47% of vehicles used in
Brazil (Becker et al. 2012). Additionally S&o Paulo also holds a strong agricultural and livestock
sector that contributes to 9% of Brazil’s total agricultural producer and leading the world in
coffee, sugarcane, and orange production (Consulate General of India 2016; IBGE 2012, Becker
etal. 2012).

In addition to being one of the economic drivers of Brazil, the state of S&o Paulo rests in one of
Brazil’s most ecologically robust regions, housing the transition between tropical and subtropical
biomes “Mata Atlantica” and Savanna (SMA 2015). The Savanna biome contains roughly 10,00
plant species (44% of which are endemic) and 1,276 terrestrial vertebrate species (889 of which
are endemic). The Savanna Biome also contains over 11,000 invertebrate species and 800 fish
species (over 200 which are endemic). The Mata Atlantica Biome holds over 20,000 plant
species (8,000 of which are endemic) and 1,980 terrestrial species (599 of which are endemic).
Although the Mata Atlantica is considered one of the largest biodiversity repositories in the
world and deeply important to Brazil’s history, only 8% of its extent is left in the country, with



the largest contiguous area in the state of Sdo Paulo. Due to the rapid development of Sdo

Paulo’s service and industrial sectors in the latter half of the 20th century, much of Sao Paulo’s

historic range of Mata Atlantica and Savanna have been displaced by cropland and urban

development. The tropical Mata Atlantica forests historically covered 80% of the territory now

covers roughly 16.6%. The Savanna Biome which use to extend across 14% of the state now
covers approximately 1% of the State. Protected areas of terrestrial and aquatic habitat known as
Units of Conservation (UC) were created in S&o Paulo response to habitat loss and are managed

at the municipal, State, and Federal level (SMA 2013a).

Figure 2. MODIS land use/land cover for State of Sdo Paulo depicts Sdo Paulo’s agricultural and
urban development. Source: University of Maryland MODIS Land Cover 2016
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Legislative Background of Wild Boar in S&o Paulo
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wildlife and ecosystem protection. Regulations on hunting and fishing put into place as early as
1934 (Decree 23/672/34) and in 1967, the Brazilian Federal Government approved the Wildlife
Protection Law which placed strict restrictions on hunting and provisions for restricting the

introduction of invasive species. In 1988, Brazil established the protection of native flora and

fauna and the management of healthy ecosystems as responsibilities of the government and the

people (World Animal Protection 2014).
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Although invasive wild boars are most pervasive in the state of S&o Paulo, invasive wild boars
have become a national issue in the whole of Brazil. In 2013, wild boar were observed in 472
Brazilian municipalities, a fivefold increase of occupied municipalities in only five years. Partly
due to significant pressure from farming federations and associations, the Brazilian Institute of
Environment and Natural Renewable Resources (IBAMA) recognized the threat of wild boar in a
resolution (IN 03/2013) that created certain provisions for the management of wild boar,
including the authorization of lethal population control of wild boar under the Wildlife
Protection Law (Rosa et al. 2016). The changes to the Wildlife Protection Law passed by IN
03/2013 allows citizens to remove wild boar under certain conditions including the registration
of firearms with the armed forces, regular renewal of licenses, and quarterly reporting of killing
(IBAMA 2013). IN 03/2013 also strictly forbids the transportation of live wild boar as well as
the sale of deceased wild boar and its products which was intended to stop the illegal capture and
introduction of wild boar in new areas for recreational hunting or breeding. Public participation
of wild boar control on State and Federal Conservation Units must be authorized by the unit
manager (IBAMA 2013).

Client
The Secretariat of the Environment

Created in 1986, The Secretariat of the Environment of the State of Sdo Paulo (SMA) is
responsible for promoting preserving, and restoring the environmental quality of Sdo Paulo. The
SMA drafted and implemented the 1997 State Policy on the Environment which established the
Environmental System of Sdo Paulo as a body of institutions responsible for the environmental
management of Sdo Paulo. The Secretariat of the Environment is the central authority of the
Environmental System of S&o Paulo which includes 14 institutions such as the Forest
Foundation, Environmental Inspections Coordination, Biodiversity and Natural Resource
Coordination, and Environmental Planning Coordination. One of the goals of the 2015-2018
administration is the establishment of a State Wildlife Conservation Policy to organize the efforts
of different state institutions involved in wildlife management and conservation. Beyond the
SMA’s responsibility of preparing, approving, executing, evaluating, and updating the State
Policy on the Environment, the SMA is also accountable for day to day activities related
particularly to environmental licensing, control, and inspection (SMA 2013a).

Section 6. Problem Definition

Damage to Natural Resources

Habitat

Wild Boar have primarily herbaceous diets and consume large quantities of herbaceous
vegetation which can range from 3-5% of their body weight daily. Wild boar have been
linked to a 95% decline in understory vegetation in some systems and may have an
influence on future over-story composition and forest generation as they consume seeds,
nuts, and saplings (Cole et al. 2014, Campbell and Long 2009, Tolson and LaCour 2013).
Additionally, the rooting, soil compaction, and wallowing behaviors of wild boar
influence plant community structures, succession patterns, and nutrient cycles (Singer et
al. 1984).
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Wild Boar prefer wet environments and cause prominent habitat damage to wet
ecosystems where plant communities and soil are more sensitive to disturbance. Wild
boar root vegetation and create disturbances that damage native flora and have been
shown to provide alterations to native environments that allow invasive plants to become
established (Engeman et al. 2003, West et al. 2009).

Wildlife

Wild boar are well recognized for displacing and destroying both native fauna and flora
through their grubbing and omnivorous habits (Pedrosa et al. 2015). Wild boar will
predate on smaller native animals including threatened and endangered insects,
amphibians, ground-nesting birds, reptiles, and mammals as well as destroying nests of
reptiles and ground-nesting birds (Elsey et al. 2012). Although literature on the
magnitude of the effect of competition created by wild boar for native species is limited,
it must be noted that their diets and need for water resources do overlap with those of
native species and can create competition for limited resources.

Water and Soil Quality

The wallowing behavior of wild boar is especially destructive in Sdo Paulo as it pollutes
Sdo Paulo’s freshwater waterways and streams. Wild boar spend a significant amount of
time in water for thermoregulation. This combined with the soil disturbance and
vegetation loss causes issues with soil erosion and fecal contamination of water
resources. Siltation and water contamination from streams with wild boar activity have
shown declines in aquatic organisms as well as increases in waterborne bacteria levels
above thresholds for human health protection (West et al. 2009, Kaller et al. 2007). Wild
boar have also been identified as a vector for the spread of disease and parasites in
surface waters used for agricultural production (Atwill et al. 1997). Additionally, the
rooting and grubbing behavior of wild boar also impair soil quality by altering the
biological and chemical properties of soil composition as well as the facilitation of soil
erosion (Wirthner et al. 2012).

Damage to Agriculture

Crop

The presence of wild boar also threaten Sao Paulo’s agricultural sector. S&o Paulo is the
world’s number one producer of coffee, sugarcane, and oranges and in comparison to the
rest of Brazil, Sdo Paulo’s agricultural sector accounts for 16% of Brazil’s total
agricultural production (Consulate General of India 2016; IBGE 2012). Crop damage
caused by wild boar is already a reality in Sdo Paulo for agricultural producers. A survey
sent to S&o Paulo corn producers in 2015 reported a loss of 2.84 thousand tons of grain
attributed directly to wild boar; the equivalent to roughly $430,000 USD (Pedrosa et al.
2015).

Livestock Predation and Disease Risk

Those with livestock are highly concerned over the threat of both wild boar predation and
disease transmission to livestock. Wild boar have reportedly killed calves and lambs and
occasionally adult livestock when they are vulnerable giving birth (Pavlov and Hone
1982, Choquenot et al. 1997). Wild boar also serve as a vector for communicable
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diseases such as pseudorabies that can be passed from wild boar to domestic swine
(USDA 2005a).

Other Agriculture

Wild boar indirectly damage agricultural production by consuming and contaminating
agricultural water supplies and pastoral grasses. Wild boar also damage agricultural
equipment such as farm facilities and fences.

Damage to Human Health

Disease Transmission

Wild boar can carry at least 30 viral and bacterial diseases and 40 parasites that can be
transmitted to humans, domestic livestock, and other wildlife (Ruiz-Fons et al. 2008,
Meng et al. 2009). Additionally, the threat of spillover of diseases such as rabies,
hantavirus, coronavirus, and adenovirus from wild boar are steadily growing as the
increase in land use transformation in Brazil, coupled with the increase in wild boar
population, has shifted vectors for diseases such as vampire bats to predate more heavily
on wild boar. This is a concern for bush hunters who come into contact with wild boar
saliva and bodily fluids as well as hunting dogs and hunters that may be bitten or mauled
by wild boar (Galetti et al. 2016).

Vehicle Collisions/Aggressive Animals

Adult wild boar weigh on average from 45-180 kilograms and can cause serious injury
and property damage in a vehicle collision. Furthermore, there have been reports of wild
boar aggressively approaching humans recreating in urban and suburban parks (Mayer
2013). This can become a more challenging issue with habituation of humans due to
improper food storage and waste disposal.

Damage to Cultural Resources

Recreation

The effect of wild boar on recreation can be positive or negative depending on the nature
of recreation enjoyed by the public. However, due to the nonnative nature of wild boar in
Sé&o Paulo, the distribution and abundance of native plants and animals will be affected
by the presence of wild boar and will generally reduce opportunities for the public to
view wildlife and the native ecosystem.

Aesthetics
The wallowing, rooting, and trampling behavior of wild boar physical damage parks,
private property, and other locations valued for their cultural and aesthetic beauty.

Cultural Resources

Cultural sites impacted by wild boar include national and state historical landmarks,
archeological sites, and cultural sites used by indigenous people in Sdo Paulo. Wild boar
cause physical damage to sites as well as the damage to the distribution and abundance of
plants and animals used for traditional purposes.
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Unintended Consequences Due to Rigorous and Insufficient Legislation and Policy
Brazil’s IN 03/2013 resolution allowing for control of wild boar to alleviate damage caused by
the species has inadvertently created several satellite issues, including opposition from animal
welfare groups, illegal control of wild boar by private citizens, and the propagation of a shadow
market of wild boar meat and products (Pereira 2016).

Deter Legal Wild Boar Control Participation by the Public

IBAMA 03/2013 requires that participants in wild boar control to: 1) register in IBAMA
and obtain a license that requires renewal every three months and 2) report information
on wild boars killed (including sex, size, location, and method). Additionally, for those
utilizing firearms, citizens must become associated with a hunting or shooting club and
go through an exhaustive process with the Brazilian Army that can take up to a year to
process and cost upwards of $1,000 in paperwork, tests, examinations, and memberships
(Rosa 2016). The process of reporting and gaining reauthorization can take a month and
may be complicated by accessibility issues for those in rural areas.

A recent survey to participants of wild boar control in Brazil revealed that 60% of
survey takers were properly certified with IBAMA and 66% were properly processed
through the Brazilian Army. Of these participants, 48% were out of compliance with
reporting, citing economic reasons, inability to reach the agency’s office, unfamiliarity
with requirements, and struggles with filling out reports. Those operating without
authorization cited bureaucracy (46%) as the main reason, followed by lack of
information about authorization (33%) (Rosa 2016).

Moreover, firearms equipment and ammunition is expensive in Brazil (nearly three times
the price in the United States) and minimum restrictions for caliber size for hunting limit
which civilian firearms qualify for use in wild boar control. These factors limit access to
legal hunting guns for the use will boar control to those in shooting and hunting clubs and
virtually exclude all farmers (Rosa 2016).

Opposition from Animal Welfare Groups

Section 5 of IN 03/2013 prohibits the use lethal traps, including those that snare and
devices involving a firearm, however does not set aside the need to handle the removal of
wild boar humanely (IBAMA 2013). This has resulted in some wild boars being injured
or killed with inefficient or cruel weapons. As a result, SMA has received intense
backlash from animal rights and welfare lobbyists when pictures surfaced of mangled
wild boar bodies (Pereira 2016).

Lack of Carcass Disposal Policy

Due to concerns of disease transmission and incentivizing the breeding of wild boar,
Article 5 of IN 03/2013 prohibits the sale of any product of wild boars killed (IBAMA
2013). With no requirements mentioned for the disposal of wild boar bodies, some
hunters have begun to either consume wild boar meat without proper processing or
selling wild boar meat on the black market (Pereira 2016).
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Section 7. Review of Wild Boar Management in the United States

This report will make comparisons between the State of Sdo Paulo and the United States as both
experience the same primary drivers of population distribution including illegal transportation
and stocking of wild boar, dispersal from extant populations, and year-round access to food and
good habitat (particularly in the southern United States). Furthermore, the policies will have a
focus on the role of public participation, specifically the role of the public in wild boar removal
on public lands, as the recent IN 03/2013 decree has made this a possible option in S&o Paulo.

Wild boar are invasive to North America, initially introduced by both colonial and Spanish
settlers as free-ranging domestic swine that escaped hundreds of years ago. In the early 1900s,
Eurasian wild boar were introduced for hunting purposes and have since breed with and with
escaped domestic swine in the wild created hybrids (Mississippi State University 2016). As of
2012, wild boar has been observed in 39 states with an estimate of 5 million in the wild and
possibly over 10 million by 2018 if their population trends continue (Avalos 2014). Wild boar in
the United States have caused significant harm to natural resources, human health, cultural
resources, and the economy. In 2015, the USDA estimates roughly $1.5 billion worth of damage
caused by wild boar to agricultural production alone.

Figure 3. Feral Swine Distribution in the United States by County. Source: USDA 2016.
Feral Swine Distribution by County 1982-2015

Last Updated 06/27/2016
UGA-CGR
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Available Methods for Wild Boar Management
A compiled list of available methods utilized globally for the management of wild boar can be
found on the next page.
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Figure 4. Available Methods for Wild Boar Management

Method

Description

Strengths

Weaknesses

Status of Implementation in
National FSDM (Yes/No/In
Development/Under
Consideration)

References

Technical Assistance

IEducation, Communication, Qutreach|

Dissemination of information on technical guidance for
control, the adverse affects of wild boar, and regulations and
policies to stakeholders and the general public. May include

s . N/A N/A Yes USDA APHIS 2015
agency providing lectures, courses, demonstrations to
landowners, producers, municipality agents, college and
universities, and other interest groups.
Regulatory Support
D_eve]opment of _pollaes and.p}'cr\-'l_d.e support in coordination N/A N/A Yes USDA APHIS 2015
with other agencies and municipalities
Research and Development
Research and Development Development of scientific information and methods for
wildlife damage management that are effective and
environmentally responsible. In the case of wild boar, this can |N/A N/A Yes USDA APHIS 2015
include: control and trapping techniques, economic analysis,
and biological modelling
Monitoring
Telemetry/Judas Pigs Monitoring technique that requires a live-captured boar to be
radio-collared, preferably a female, to join a sounder. Once
the location of the sounder is established, the rest of the *Success of technique depends on
sounder is removed via capture, tracking with dogs, or *Minimum damage to nontarget species |formation and stability of groups which  |Yes Mayer 2009b, Pech et al. 2009
shooting and the "Judas Pig" is returned. The "Judas pig" can Can vary among seasons
be sterilized before release and tracked via hand-held antennas
and radio receivers or radio telemetry from fixed-wing
Night Vision and Forward Looking |Monitoring technique that can be used along side ground “Takes advantage of the nocturnal
Infrared (FLIR) Devices shooting to survey wild boar at night when they are most . _ N/A Yes USDA APHIS 2015
. behavior of wild boar
active
Camera Systems *Remote cameras that can upload video
can minimize expenses spent checking
traps and rebaiting
Remote cameras can be used to minimize human disturbance  [*Minimize human disturbances of traps
of baited traps, which is useful as wild boar have an excellent |and baits N/A Yes USDA APHIS 2015

sense of smell but poor eyesight. Trail cameras can be set to
meonitor activity without having to set up traps and bait.

*Allows for monitoring of wild boar
activity with little disturbance

*Can be used in tandem with remote
activated cage traps to maximize the
likelihood of catching an entire sounder

Aircrafts (including unmanned)

Monitoring technique utilized commonly in wildlife
management to monitor populations and wild boar damage
over a large or remote locations. Monitoring from manned
aircrafts can be combined with thermal imaging to facilitate
locating wild boar

+Can be less expensive for monitoring
remote areas

*Unmanned aircrafts can reduce: noise,
fuel costs, risks associated with safety of
flying manned aircrafts at low altitudes

*Effectiveness limited by heavy
vegetation

Yes (unmanned aircrafts not in use by
APHIS but are being utilized by hunters
to locate wild boar)

Watts et al. 2010, Koh and Wich 2012,
Martin et al. 2012
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Lethal Control (Shooting)

Ground Shooting Ground shooting used to remove free-ranging wild boar or
euthanize live captured wild boar in cage traps. Ground
shooti take pl t day or night with spotlights, night - .
stooting can take piace at day or mght with SpotMENs, MIgh P . . Yes (APHIS Wild Services employees
vision, or thermal imaging. The effectiveness of ground *Sensitive issue for the public due to .
. . o . ) L are required to attend an approved
shooting can be improved by using a noise suppressor (to +Otten the standard and accepted method |concerns of misuse N - - i
L= A, . A L . . firearms safety training within three USDA APHIS 2015

avold wild boar tendency of fleeing from the sound of gun for wild boar control *Requires individuals with hunting and - . -
. T L . . months of appointment and a refresher
fire) and nontoxic baiting. Ground shooting from an elevated tracking skills course every two years)
position such as a tree stand or truck bed should be utilized i y year:
when possible to improve safety as bullets that miss targeted
animals enter the ground or earthen embankments.

Aerial Shooting Aerial shooting involves shooting from an aircraft with

success varying based on wild boar population, climate,
terrain, and vegetated cover. Fixed winged aircrafts are
typically used in flat and gently rolling terrain while

*Can be a cost-effective solution in ideal-

*Expensive practice, with operation
costing in the range of XXX

Hone 1983, Saunders and Bryant 1988,

helicopters are utilized in rugged and timbered terrain to L Efficiency is lower in areas of either Yes Campbell et al. 2010a,M. Bodenchuk,
. . .- . . conditions . " )
utilize their greater maneuverability to improve safety. low wild boar densities or vegetated APHIS-WS Texas, pers. comm., 2014
Reported rates of wild boar removal range from 9-39 wild terrain
boar an hour, with as much as 70 an hour reported in ideal
conditions with high wild boar populations.
Tracking with Dogs Dogs are trained to track and "Bay" wild boar until an
employee can come and dispatch the wild boar. Dogs are . . - -
R . . . *Raises animal welfare concerns for wild
trained to follow the scent of wild boar and ignore scents of *Can be used to enhance ground
non-target species wild "Bay dogs surround and keep the wild [shooting efficiency boar and dogs
arget species wi ¥ (0gs < pihe! stooting o . +Can be impacted by weather due to heat |Yes Mayer et al. 2009
boar in a position. It is encouraged that dogs wear protective  |*Useful in heavily vegetated terrain . — .
. . . . . e impacts to dogs and unfavorable tracking
equipment and for dogs with less experience to be used with | where visibility is limited L.
. R conditions
more experienced dogs so that they do not inadvertently track
non-target species scents.
Lethal Control (Live Capture Systems)
Cage and Corral Traps *Some individuals can become cage-
wary
Cage traps are typically portable traps constructed from metal, *S0me nontarget species may associate
wire mesh, plastic, or wood suited best for catching small . . .. |baited cages with food and become
" . . . *Can be used in with remote monitoring .
quantities of wild boar when baited. Corral traps are typically . . purposefully trapped .
. . . . devices to reduce expenses and time M . R Saunders et al. 1993, Gaskamp and
large, circular traps consisting of panels anchored into the . ) . *Cages must be checked to avoid Yes . -
. . . checking traps as well as reducing . . . Biermacher 2013
ground via steel posts with a door for entrance. Corrals - . inhumane treatment of captured animals
Lo . . . ) capture of non-target species P )
maximize the chances of catching an entire sounder at once, *Some individuals may damage cage or
but are not portable. njure themselves while attempting to
escape
Drop Net . . +*Can be used t t tire sounders
rop et Drop nets are typically used over baited areas to capture other an be lised to capture entire Sounders
N N ) by avoiding the trap-wary behavior of . )
large ungulates but have more recently been used to capture Lo *Must be monitored by a nearby
. L .. . some individuals
wild boar. Studies in the United States have shown higher . observer . . .
. . *Monitoring by nearby observer can . . . Yes Gaskamp and Gee 2011
average capture rates with drop nets (1.9 hours for average . . *Wild boar must be euthanized before
S ) L reduce capture of non-target species .
capture) than traditional corral traps (2.3hours for average . . escaping the drop net
*Shows potential to have higher capture
capture). L )
rates than traditional corral traps
Cable Snares and Restraints Cable snares and restraints are made of wire or cable formed
into a loop to be fitted around an animal's foot, torso, or neck *May cause unintended injury or
as they pass through the loop and can be used for lethal and . potential death to nontarget species R Munoz-Igualada et al. 2010, Wegan et al.
. . N/A ~ Yes
nonlethal capture. Can be placed in confined areas to ensure *Must be checked to avoid inhumane 2014
passage by wild boar and loops can be fitted to the appropriate treatment of captured animals
height and diameter to minimize nontarget species capture.
Foothold Traps Foothold traps (or leghold traps) consist of tension loaded +Can be used to capture smaller wild
devices that hold imal with steel jaws when depressed.  |bo d may be utilized t t *May caus intended injury
evices that hold an animal with steel jaws when depresse ar and may be utilized to capture ay cause unintended injury or Yes USDA APHIS 2015

Foothold traps are not often used to capture adult wild boar

who can be strong enough to pull themselves out.

smaller individuals for research or radio

collaring

potential death to nontarget species

18




Lethal Control {(Chemical)

Immobilization and Euthanasia Drugs

immobilization drugs such as Tiletamine, Ketamine, and
Xylazine administered through dart via rifles, pistols, and
blowguns, syringe poles, or hand-fed baits followed by
euthanasia are used in urban, recreational, and residential
areas . Euthanasia drugs often contain forms of sodium
phenobarbital and both immobilization and euthanasia drugs
should be closely monitored and stored in locked contai

+*Can be utilized in areas and situations
where animal, personnel, and public
safety are compromised

Yes

USDA APHIS 2015

Toxicants

Chemical toxicants such as sodium nitrite, have been adopted
from use on either pests and ungulates to wild boar. To date,
use of chemical toxicants is for wild boar control is still
limited. A patented sodium nitrite wild boar called Hog-
Gone® is under developed in Australia.

*Toxicant may be self-delivered

+At the moment, the effects of chemical
toxicants for wile boar control on
nontarget species and potential
secondary poisoning due to scavenging
or human consumption are unclear

In Development- Warfarin is the only
chemical toxicant approved by the
Environmental Protection Agency for
wild boar control. Warfarin was briefly
approved by the Agriculture
Commissioner of Texas February 2017.
However, a State judge approved a
temporary restraining order on 3/2/2017
against the use of Warfarin and state
legislation has been filed to require
further research before implementation

Smith 2017, Lapidge et al. 2012

Non-Lethal Control

Exclusion

Physical exclusion can consist of using fencing and other
barriers to restrict wild boar access to resources. Fencing has

+Can be used for site-specific damage
management

*Exclusion is a notably expensive
technique due to construction and
maintenance cost

*Becomes inefficient if fence or barrier is

relatively small areas. Wild boar become habituated to
methods that use lights and sounds (such as pyrotechnics and
propane cannons) within a few days.

*May disperse animals into other areas
and will not help reduce wild boar
populations

[ - . +Can be used to prevent disease compromised Yes Parkes et al. 2009
been utilized in wild boar eradication operations to create . . . N -
. . transmission between wild boar and «May disrupt migration or injure other
zones and eradicate wild boar by zones. . . . -
‘ domestic swine species
*Use may be prohibited by legal
restrictions (access public lands, etc.)
Frightening/Harassment Devices |Frightening devices use lights, sounds, noise, pursuit or other «Efficiency is dramatically reduced as
methods to disperse wild boar from an area. Success with wild boar become habituated to devices
frightening devices s t for short-t tection of |, d methods . .
rightening devices seem to occur for short-term protection of |, o and methods No Vassant and Boisaubert 1984

Reproductive Inhibitors

Reproductive inhibitors are chemical contraceptives that can
be administered orally or via injection. Some reproductive
inhibitors registered for use on larger ungulates such as white-
tail deer, burros, and free ranging horses are also effective on
wild boar. Examples include GonaCon(tm), a gonadotropin-
releasing hormone (GnRH) immunocontraceptive vaccine that
binds to GnRH and stimulates the production of antibodies
that reduce the release of sex hormones. Research is being
performed in creating vaccines that can be orally delivered as
self-administered feed-based formulations would be the most
cost effective method of administration.

*Species-specific oral conception in
development could eliminate the risk of
targeting other species

sreproductive inhibitors specifically for
the use of wild boar management are still
being studied and have not been used in
wild boar management efforts

In Development- NWRC is currently
working on a oral delivery vaccine and
serval Universities are working on
species-specific oral contraceptives

Killian et al. 2006, Campbell et al.
2010b, Samoylova et al. 2012

Chemical Repellents

Chemical repellents for wildlife that have been developed
include olfactory and gustatory repellents but effectiveness of
chemical repellent use is still uncertain. Studies conducted in
China and France found odor repellents to be ineffective.
However, pen trials of topical repellents demonstrated a
reduction of corn consumption. It is suggested by the authors
of these studies that efficiency may be higher with
diversionary food was available.

*Effectiveness of chemical repellents is
still uncertain

+Less reliable in situations when
alternative food source is available or
wild boar are not familiar with food
source

Cai et al. 2008 Vilardell et al. 2008,
Santilli et al 2005
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Non Governmental and
Private Control Options

Private Control Operators

Private wildlife control operators are private enterprises that
trap, capture, transport, or euthanize wildlife that cause
damage, including wild boar for a fee with appropriate
permitting from government authorities.

*Has successtully assisted eradication in
instances where wild boar populations
existed in small, isolated geographic
scopes

«Effectiveness with large-scale
populations may be negatively affected
by factors such as the wide geographic
scope of the project, financial
disincentives for eradication, and lack of
overall regulation on wild boar
movement.

No- Utilization determined at the State
level

USDA APHIS 2015,

Parkes et al. 2010

Hunting

Capture and removal by the public for primarily food and
recreational purposes. Regulations on hunting usually regard
established hunting seasons, bag and possession limits, and
allowable take methods.

*Allows the public to participate in the
control of wild boar

*May encourage illegal movement and
release of wild boar to create local
hunting opportunities and further
contributing to the spread of wild boar.
*Public participation in hunting may
interrupt wild boar management
operations.

«May be limited by legislation governing
land use, safety concerns for the public,
and other potential adverse effects cause
by hunting on other land uses

No- Utilization determined at the State
Level

Bevins et al. 2014

Certified Removal Vol

An established certified volunteer system would allow
volunteers to receive special training and certification to

*Ensures that members of the public that

*May disincentivize public participation

participate in wild boar removal. Individual territories or . . . by requiring individuals to undergo a No USDA APHIS 2015
S . L .. participate in control are properly trained e
municipalities may establish their own training and certification process
requir ts for wild boar removal in their jurisdiction.
Bounty «Difficulty in verifying if swine killed is
Bounties are monetary incentives paid by governmental, state, |*Allows the public to participate in the  [wild boar
y L . . . o . L . No USDA APHIS 2015
or local government to public citizens for removing wild boar. |control of wild boar *May incentivize illegal transportation
and spread of wild boar
Carcass Disposal
Leave Onsite *May be offensive or upsetting to the
public sensitivity of viewing wildlife
carcasses and may disturb the aesthetic
. value of public land
*Low disposal cost - . . .
*Reduces potential of off-site disease *Does not prevent the risk of on-site
Leaving dispatched wild boar carcasses where they are killed. i i o disease transmission to other animals Yes USDA APHIS 2015

transmission from carcass
*Provide tood base for scavengers

that come into contact with a carcass
*Depending on how wild boars are
dispatched, there may be adverse
consequences on site (i.e. secondary
poisoning from chemical toxicants)

Food Use . . . *Risk of disease transmission or No- Animals euthanized offsite are not
Dispatched wild boar can be donated to meat processing . o . . . R
s L . o food consumption of toxic chemicals involved |accepted at USDA-licensed facilities but
facilities if they processing if they meet regulations for f in wild boar control will allow private landowners to use
safety. Wild boar dispatched on private lands may be *Provide food source for the Public " . . . P . USDA APHIS 2015

. . N . *Wild boars displaced with chemical removed wild boar for food in
requested by the private landowner for personal consumption . . e _—
el . . ) toxicants or euthanasia drugs must be accordance with federal, state, territorial,
it in accordance with all existing regulations. . .
excluded tribal, and local laws and regulations
Composting *Proper compositing can be resource

Involves the natural process of decomposition of wild boar
carcasses by microorganisms in predominately anaerobic
conditions. Composting can be conducted at facilities and by
private landowners if in accordance with all existing
regulations.

*Reduces potential of off-site/on-site
disease transmission from carcass
*Provides nutrients for plants

intensive as the process requires bulking
agents (sludge cake, spent animal
bedding, silage, manure, or leaves) and
bio filters to enhance microbial activity
and exclude birds and insects

No-APHIS will not create composting
facilities for wild boar

USDA APHIS 2015
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Burial (including in landfill)

Wild boar carcasses can be buried on the property where it
was killed if in accordance with all existing regulations.

*Reduces likelihood of offending or
upsetting the public's sensitivity to
viewing wildlife carcasses

Under consideration

USDA APHIS 2015

Open Air Burning

Wild boar carcasses can be incinerated on the property where
it was killed if in accordance with all existing regulations.

N/A

sIncreases safety risk and air quality
concern
*Labor and resource intensive

No- Utilization would be determined at
the local-level with environmental
impacts analyzed under NEPA

USDA APHIS 2015

Rendering Rendering uses mechanical processes (i.e., grinding, mixing,
pressing, decanting, and separating), thermal processes (1.e., *Rendering cannot be used for wild boar |No- Rendering facilities that will accept
cooling, evaporating, and drying), and chemical processes +*Carcass meal can be used as animal feed [removed via lead ammunition or animals euthanized offsite are not readily |USDA 2005
(i.e., solvent extraction) to convert carcasses into carcass chemical euthanization available
meal, tat, and water.
Digestor Alkaline digestors use sodium or potassium hydroxide under *Contamination risk associated with

heat and pressure, to digest the carcasses into minerals of bone
and teeth and liquid effluent that can either be discharged into
municipal sewers or dehydrated and used as fertilizer (if
digested with potassium hydroxide). Anaerobic digestors use a
mixed bacterial culture to digest carcasses into biosolids
methane, and digestor liquor.

*Biosolid and liquor byproducts can be
applied as fertilizer

*Methane can be used as an energy
source in larger operations

application of anaerobic digestor
byproducts as the process not destroy all
pathogens

*Digestors are water intensive

*Require sludge management and
disposal

No

USDA 2005, NABCC 2004
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Wild Boar Management Policies Implemented at the State Level

Although invasive wild boar have posed considerable damage in recent decades in the United
States, the Federal Government has only begun to implement a national management plan as
recently as 2014. However, invasive wild boar have been managed for decades at the state-level,
with many policies for the management and removal of wild boar varying from state to state and
evolving due to factors including access to management resources, drivers of wild boar invasion
(i.e., warm climate, illegal transport, domestic swine release), cultural values of hunting, and
availability of research and technologies for wild boar management. The diversity in
management policy options exhibited at the state level will provides insight into optimal policy
decisions for Séo Paulo.

Of the states that have recognized the need to manage wild boar through removal, all have
implemented a policy option at the state-level, formal or informal, that delegates responsibilities
for wild boar removal to either governmental wildlife management agencies, private citizens, or
a combination of both. This report provides case studies of states and their experiences
implementing one these three policy alternatives.

1) Integrated Government & Private Control
A common and more traditional policy towards wild boar management is an integrated approach
where wild boar control is implemented by both governmental wildlife management agencies
and the public in the form of sport hunting. In the United States, many states have adopted this
policy such as California, South Carolina, Hawaii, North Carolina, Oklahoma, Alabama, and
Arkansas with the loosening of regulations on hunting wild boar, such as bag limits, as their
populations increased. With states such as Louisiana, Florida, and Texas, there are virtually no
restrictions on season or bag limit (Xu 2013).

Texas

Wild boar was introduced by Spanish settlers hundreds of years ago and by the late 1800s, wild
boar was considered numerous across the thicket of Eastern Texas. Since their introduction, the
wild boar population in Texas has exploded to over 2 million individuals with wild boar reported
in every county, making Texas the state most overrun state in the United States (McAdams 2016,
Selk 2017).

In 1982, Texas Parks and Wildlife Department enacted government implemented wild boar
control as well as permissive regulations on hunting including no restrictions on hunting season
or bag limits and legislation allowing licensed hunters to hire helicopters and contract with
landowners to conduct aerial shooting (Grissom and Aaronson 2011).

Roughly 750,000 individuals (30% of the total wild boar population in Texas) are removed
annually by hunters, trappers, and the Texas Parks and Wildlife Department. However, the wild
boar population in Texas has become so severe that biologists estimate that 70% of the wild boar
population must be removed annual in Texas just to stabilize wild boar populations. In lieu of
ground shooting, aerial shooting, trapping, and caging efforts being made in Texas, wild boar
populations are increasing annually by 20% (McAdams 2016).

Texas Park and Wildlife Department began experimenting with the chemical toxicant Warfarin
at wildlife centers. When Warfarin was registered with the EPA in early 2017 for use in wild
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boar control, Texas commissioner approved its use by the Texas Park and Wildlife Department.
Since then, there has been pushback from concerned citizens and wild boar meat venders due to
fear of unknown adverse effects on human and ecosystem health. On March 71, 2017, a state
judge put a temporary retraining hold on the use of warfarin and two state bills have been filed
requiring more research to be conducted before warfarin can be used (Peterson 2017).

It is important to note that although the policy of using both government implemented control
and sport hunting participation by the public was an informal policy, sport hunting for wild boar
IS so popular in the state that it is extremely unlikely that the state government would garner
enough public support to reserve this policy. In the case of Texas, Integrated Government &
Private Control has poor irreversibility as sport hunting has become an important cultural activity
in the state.

Hawaii

In Hawaii, no official actions were taken to manage or eradicate wild boar until 1910 when the
Hawaiian Territorial Board of Agriculture and Forestry instituted a state implemented
management policy to eradicate wild boar from State and Forest Reserves (Diong 1982).
Although thousands of wild boar were removed, wild boar populations spread passed reserve
boundaries at a rate of 4 km/year (Hone and Stone 1989). Responsibility for wild boar
management was transferred to Hawaii Fish and Game Department in 1959 and wild boar
populations were managed with public hunting (Stone and Loope 1987). Even with hunting
success and the removal of hundreds of wild boar from state parks, wild boar populations
continued to remain high. It was found that hunting conducted by the public was only effective
in areas that were accessible and had no effect on populations that were not accessible.
Eradication efforts have taken place since using tracking with dogs, trapping, baiting, snaring
and fencing (Stone and Loope 1987). There is an ongoing effort to protect native forested
watersheds by fencing to exclude wild boar (Billy 2006, pers com).

2) Facilitation of Private Control
Although there are no cases of states with wild boar where there is no governing agency
managing wild boar in some capacity (i.e., pest control), there are some cases where government
implemented control was minimal and in lieu, wildlife management agencies facilitated private
control options. Typically, this has taken the form of non-governmental operations conducted by
solely by contractors, public-private initiatives with hunting organizations, and public hunting
(including sport hunting and hunting for the purposes of removal on private land).

Georgia

Georgia’s Department of Natural Resources has recognized that wild boar cause extensive
damage to Georgia’s flora and fauna. Although the Department of Natural Resources” Wildlife
Resources Division (WRD) has implemented control activities on one island (Ossabaw), removal
of wild boar on the mainland of Georgia has not been undertaken by the WRD (Georgia
Department of Natural Resources 2009). In 2014, Georgia’s Department of Agriculture and the
Georgia Department of Natural Resources formed a private lands initiative called “Hunters
Helping Farmers” that matches wild boar hunters with local farmers in need of assistance with
wild boar removal. In this initiative, hunters and farmers can be matched online. The initiative
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allows the landowner to set the guidelines for the types of weapons or traps permitted on their
property (Georgia Department of Agriculture 2017).

Tennessee

Tennessee’s policy for managing wild boar in the late 1990s and 2000s is a case that
demonstrates the devastating potential for hunting to increase the spread of wild boar to new
locations. In 1999, the Tennessee Wildlife Resources Agency (TWRA) made an attempt to
control the expansion of wild boar population by creating a statewide wild boar hunting season
with no bag limit. During this period of unrestricted statewide hunting, wild boar populations
exploded from two localized populations to 80 of 95 Tennessee counties. The TWRA believes
much of this is the result of illegal capture and stocking of wild boar by individuals establishing
local hunting opportunities. In 2011, the TWRA enacted new regulations to remove incentives to
relocate wild boar. Wild boar has since been considered a destructive species to be controlled by
methods other than sport hunting (Tennessee Wildlife Resources Agency 2017).

3) Government Implemented Control
A more recently emerging policy towards wild boar management that has been in implemented
in the last 20 years is the near exclusive management of wild boar by governmental entities. This
policy option prohibits nearly all form of private wild boar control (including sport hunting) but
usually allows exemptions for private landowners and farmers. The restriction on private wild
boar control intend to: 1) Stop private interference with government implemented wild boar
control programs and 2) de-incentivize the illegal capture and release of wild boar (New York
Department of Environmental Conservation 2017).

Private efforts to control wild boar are often unorganized and may jeopardize the management
efforts of wildlife management agencies. For example, it is typically best practice to remove an
entire sounder when possible. However, sport hunting often only removes a few individuals from
a sounder while dispersing the rest of the individuals while making them wary of ground
shooting. Often times, these individuals do not come back together and instead form more
sounders.

Additionally, allowing the public to participate in wild boar control may actually cause the
distribution of wild boar populations to grow more quickly. The leading contributor to the
expansion of wild boar in the United States is the legal and illegal release of wild boar by the
public to establish wild boar populations in new areas that can be used for sport hunting.
Although legislation may be in place that prohibits the transport of live wild boar, a near
complete ban on public participation of wild boar control would greatly relieve most of the
incentive to illegally transport and stock wild boar (New York Department of Environmental
Conservation 2017). This policy is currently adopted by several states such as Missouri, who as
recently as late 2016 banned public hunting of wild boar statewide.

Kansas

In 2006, after the urging of USDA biologists and the Kansas Department of Agriculture, Kansas
passed legislation to prohibit sport hunting and transport of live wild boar to combat the spread
of the wild boar population in Kansas. The state has been utilizing USDA funds to locate and
begin to remove known populations on public lands. Wild boar removal is still allowed on
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private land and over 4,000 wild boars have been removed by landowners outside of areas
targeted for Kansas state implemented removal projects (Pearce 2014). Kansas has been cited by
other states as a successful case of how early aggressive management actions taken to remove
populations before they become established combined with the elimination of public
participation of wild boar removal on public lands may be the proper management policy for
states experiencing budding wild boar populations within their borders.

New York

Whereas states such as Texas, Florida, Alabama, and California have experienced the largest
concentrations of wild boar due to warm climate and year-round access to food, New York has
experienced a much slower growth of wild boar in the state due to the colder climate (Foderaro
2012). Although New York historically has held strong regulations against hunting, wild boar
were considered “fair game” for individuals with small game licenses. In this time, wild boars
began to be reported throughout the state, and confirmed in six counties. In order to slow the
spread of wild boar, legislation was passed in 2014 and 2015 to prohibit public hunting of wild
boar and the transportation of live wild boar respectively (New York Department of
Environmental Conservation 2017). Part of this ban on public hunting of wild boar was initiated
to learn from the mistake that Tennessee experienced a decade earlier. Farmers that experience
crop damage due to wild boar can apply for a permit with the New York Department of
Environmental Conservation to shoot wild boar on their farm (New York Department of
Environmental Conservation 2017).

Wild Boar Management Tool in-lieu of Wildlife Agency Capacity: Professional
Contractor Aid

An important tool that can be used with both Integrated Government & Private Control as well as
Government Implemented Control policy options is the use of professional contractors to remove
wild boar on public lands. Such contractors have been used by wildlife management agencies
when capacity to implement wild boar management had not been developed. It is important to
note that effectives can be improved when contracts are written to provide payment for
performance and outcomes and monitoring to demonstrate achievement.

Santa Cruz Island

The wild boar management effort on Santa Cruz stands as one of the prime case studies of
successful and efficient eradication of wild boar. Located 40 km off the coast of Southern
California, Santa Cruz Island is 76% owned by The Nature Conservancy (TNC) and the
remainder is owned by the National Park Service (NPS). Wild Boar were introduced to the island
in the mid-nineteenth century and again in 2005. Due to ecosystem degradation, TNC and NPS
co-sponsored a request for proposal to contract for the eradication of wild boar which was won
by Prohunt Inc. A fixed-priced contract was created in order to incentivize the contractor to
maximize efficiency to maximize their profit (Parkes et al. 2009). The 25,000 ha island was
zoned into 5 zones through fencing and in a total of 411 days, 5036 wild boar were removed
from the island. The success of the eradication program is generally attributed to the sequence of
wild boar removal methods used, with methods that taught surviving wild boar the least utilized
first. The same general sequence of wild boar removal methods were used to remove boar. In
order: 1) trapping (16% removed in 1660 trap-nights), 2) aerial shooting (77% removed), ground
shoot using dogs for tracking (5% removed), and the remainder removed via telemetry tracked
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sterilized Judas pigs and ground shooting. Although 10% of the last 102 wild boar on the island
were removed via the Judas pig technique, the technique accounted for 43% of the wild boar
removed once hunting ceased (Parkes et al. 2009).

Common Standard Operating Procedures at the State Level

Listed below are some procedures that are common to many states currently managing wild boar.
Some of these procedures such as the protocols for carcass disposal and concern for animal
welfare are protocols outlined by APHIS at the Federal Level but implemented at the State level.

Monitoring
e Research and understanding of established breeding populations

Control
e Inalmost all cases, private removal of wild boar is permissible by private landowners
o Wildlife management agents formally trained on following labels for chemical toxicants,
using firearms, frightening devices, trapping, etc.

Minimize Harm to Non-target Species

e Monitor impacts (i.e., dispersed, captured, injured, Killed)

e Euthanization of nontarget species that sustain life-threatening injuries as humanely as
possible

e If trapping is conducted, traps are checked as often as possible

e Minimize human presence

e Additional consultation and efforts to minimize harm where threatened and endangered
species habitat exists

Carcass Disposal
e Follow APHIS-WS Directive 2.515
e Burial should be conducted with considerations for soil conservation to minimize soil
erosion, runoff, loss of topsoil, and effects on vegetation as well as any considerations for
historical/cultural resources

Concerns for Animal Welfare
e APHIS-WS Directives for euthanizing captured swine and humanly and quickly as
possible (2.430, 2.505)

United States Federal Management

Although it may be too early to learn lessons from the recent nationwide approach to managing
wild boar in the United States, information on the type of goals set out, such as working with
bordering sovereignties, can be useful in the context of creating a state-wide plan for Sao Paulo.

APHIS National Feral Swine Damage Management Plan

The main federal authority on the management of invasive species in the United States is the
Animal and Plant Health Inspection Service’s Wildlife Services (APHIS-WS) of the United
States Department of Agriculture. In 2014, USDA announced the first federally authorized feral
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swine management plan. The National Feral Swine Management Plan is a $20 million program
to aid states in dealing with rapidly expanding populations of wild boar within their states. In
2015, the USDA decided to move forward with a national approach that would allow the APHIS-
WS to form partnerships with states, territories, and tribes that wish to eliminate wild boar to
help as well as form partnerships with states, territories, and tribes that wish to retain wild boar
for cultural or recreational purposes to meet locally determined management objections (USDA
APHIS 2015).

Goals of the APHIS National Feral Swine Damage Management Plan:
e Stabilize and eventually reduce the range and size of feral swine populations in
the United States and territories in accordance with management objectives of states,
territories and tribes.

e Further develop cooperative partnerships with other pertinent federal, state,
territorial, tribal, and local agencies, and private organizations working to reduce
impacts of feral swine to agriculture, natural resources, property, animal health, and
human health.

e Expand feral swine management programs nationwide to protect agriculture,
natural resources, property, animal health, and human health.

e Monitor feral swine for pathogens that affect domestic swine, other livestock, and
human health.

e Develop and improve tools and methods to manage feral swine populations,
including field tests to assess the efficacy for reducing risks to agriculture, natural
resources, property, animal health, and human health.

e Develop predictive models for population expansion and economic impacts of
feral swine, along with risk analyses to agriculture, animal health, and human health.

e Develop outreach materials and activities to educate the public about feral swine
damage and related activities to prevent or reduce damage.

e Coordinate with Canada and Mexico to establish a collaborative plan to address the
feral swine threat along the common borders, including monitoring, research and
operational responses as appropriate.

Section 8. Ex Ante Multigoal Policy Analysis

As described in Section 7, states within the United States that have been managing wild boar for
removal on a state-wide level through can be broadly categorized into three state-wide policy
alternatives: 1) Integrated Government & Private Control, 2) Facilitation of Private Control, and
3) Government Implemented Control. This section presents three state-wide wild boar
management policy alternatives created for Sdo Paulo based on the attributes of the major state-
wide wild boar management policies used in the United States. Wild boar management goals for
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the Wildlife Department of the SMA and their sub-goals, or “Impact Categories,” were created
for this analysis. Each policy’s ability to attain the management goals and Impact Categories
were described by the direction and magnitude that each policy intervention would have on
management goals based on subjective assessment of available evidence. The Wildlife
Department is the entity responsible for deciding which wild boar management policy alternative
would be implemented throughout the state of Sao Paulo and thusly, the Wild Department’s
views on which management goal prioritization were considered in the analysis. The objective of
this policy analysis is to explicitly acknowledge the nature of trade-offs between policies in
attaining management goals.

Although the priority of the Secretariat of the Environment is to protect the natural resources of
Séo Paulo, this policy analysis will make considerations for public health and agriculture as any
wild boar management approach taken by the Secretariat of the Environment will ultimately
have implications for the public health and agricultural production of Séo Paulo.

Uncertainty

At the moment, there is not a database or large body of literature on the extent of wild boar
damage in Sao Paulo state-wide (i.e., damage to native species abundance, human health,
domestic livestock production, crop production, etc.) and therefore uncertainty exists involving
the precision of an analysis of wild boar management policies in Sdo Paulo. Although we do not
possess precise information of the extent of wild boar damage in S&o Paulo, we do have both
quantitative and qualitative evidence of management interventions in the United States that have
generated consist trends, at varying degrees, on wild boar damage reduction. With the
similarities in factors such as the drivers of wild boar distribution between Sdo Paulo and
southern states in the United States, it is reasonable to construct a policy analysis that predicts
the performance of policy alternatives in achieving management goals in terms of the direction
and relative magnitude. For this reason, the analysis was conducted qualitatively to account for
uncertainty.

Method

In the case of wild boar management in S&o Paulo, multiple management goals were identified
include two substantive goals (effectiveness and efficiency) and three instrumental goals
(political feasibility, administrative feasibility, and technical feasibility). Because at least more
than two other goals were identified beyond efficiency, an ex ante multigoal analysis is the most
appropriate approach to policy analysis (as opposed to formal cost-benefit analysis, qualitative
cost-benefit analysis, modified cost-benefit analysis, or cost-effectiveness analysis) (Weimer and
Vining 2010). The process of conducting this ex ante multigoal analysis includes: 1) identifying
wild boar management goals and associated Impact Categories, 2) constructing policy
alternatives for wild boar management, 3) predicting performance of policy alternatives in
Goals/Alternatives Matrix, 4) assessing alternatives based on Wildlife Department value
criterion for management goals, and 5) recommending a policy alternative.

1) Goals and Impact Categories
Two substantive goal (effectiveness and efficiency) and three instrumental goals (political
feasibility, administrative feasibility, and technical feasibility) were developed based on the

28



priorities of the SMA and progress to achieving a decrease in the damage to natural resources,
agricultural sector, and human health caused by wild boar. Substantive goals are defined as
essential in achieving management goals while instrumental goals such as political,
administrative, and technical feasibility were determined to be important instrumental goals
required in order to support the two substantive goals (Weimer and Vining 2010).

Effectiveness is the likelihood that a policy alternative will achieve set upon objectives.
Effectiveness is a vital consideration in creating a policy that can reduce the damage of wild boar
to ecosystems, the economy, and human health.

Impact Categories
e Reduction in cases of sus scrofa-livestock transmission
Reduction in cases of sus scrofa human direct disease transmission
Reduction in number of municipalities invaded by sus scrofa
Reduction in overall native species abundance loss in areas invaded by sus scrofa
Reduction in agricultural damage (including livestock)

*Efficiency expresses the benefits of the program in relation to the costs. Efficiency is important
in understanding the economic implications of this policy to the state of S&o Paulo and valued by
the Wildlife Department. Generally, when uncertainty exists on around the performance of
policy alternatives on the same management goal, it is typical to assign a range to capture and
make explicit the uncertainty. However, due to a significant range of uncertainty around the
relative magnitude of policy implementation costs to the relative magnitude of benefits (i.e.,
magnitude of cost of implementing different forms of control in relation to the associated
benefits of crop damage reduction), the range of cost-to-benefit ratios were significant enough
that performance across all policy alternatives was commensurate. Efficiency was therefore
removed from the analysis as best practice in policy analysis when performance of attaining one
goal is commensurate across all policy alternatives is to remove it from the analysis as it does not
contribute to the understanding of tradeoffs between alternatives (Weimer and Vining 2010). It is
important to note that the decision to remove efficiency from this analysis should not be
misunderstood as a devaluing of efficiency as a management goal.

Proposed Impact Categories
e Cost-Benefit ratio of crop and livestock damage reduction
e Cost of reduced case of direct disease transmission to human and domestic livestock

Political Feasibility refers to the likelihood that elected officials would approve of a specific
policy alternative. In the case of wild boar management in the State of Sdo Paulo, stakeholders
such as the agricultural sector, swine producers, and animal rights groups influence the will of
the Secretariat of the Environment.

Impact Categories
¢ Political support from livestock (including domestic swine) producers
e Political support from agricultural producers
e Political support from animal welfare groups
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Administrative Feasibility is the ability for public institutions to implement the policy. The cost
of the initiation and maintenance is a serious consideration for the Secretariat of the
Environment’s Wildlife Department as financial considerations will ultimately be a component
in the approval process of a state-wide wild boar management plan.

Impact Categories
e |Initial cost to implement program
e Cost for program maintenance and upkeep

Technical Feasibility refers to the logistical and operational capability for the public institution
to implement the policy. In this scenario, this would represent the lag time between the Wildlife
Department official implementation of a policy and when the benefits of the policy materialize.

Impact Categories
e Implementation lag time

2) Policy Alternatives

A suite of 4 potential policy alternatives for wild boar management have been developed from
state policies within the United States. Policies have been adapted in consideration in accordance
with existing national legislation for Sdo Paulo.

Alternative 1: Status Quo

The Status Quo policy alternative refers to current actions being taken by the Secretariat
of the Environment of the State of Sdo Paulo and will serve as a starting point for
comparison with the other alternatives. Wildlife management agencies including the
Wildlife Department of the SMA have not implemented actions to remove wild boar
from public or private lands. Since the passage of IBAMA 03/2013, the Wildlife
Department has worked with biologists to collect data and track the distribution of wild
boar in S&o Paulo based on verified sightings and boar removed legally by private
citizens. However, no government funded and implemented efforts have been made to
monitor or detect populations in ways beyond sightings by citizens and legal wild boar
hunters (Pedrosa 2015). All legal control of wild boar has been performed by the public
on private land with permission of private land owner and in State and Federal
Conservation Units with permission of the Unit Manager.

Alternative 2: Integrated Government & Private Control

An Integrate Government Control policy alternative would join wildlife management
agency efforts to manage and remove wild boar with legal boar hunters and/or contracted
non-governmental operators on public and private lands. This alternative would require
the SMA’s Wildlife Department to expand its capacity and begin operations with
Wildlife Department agents to detect, monitor, remove, research and develop effective
methods and tools for managing wild boar in coordination with local wildlife
management agencies. The Department would begin utilizing appropriate methods for
monitoring and removing wild boar from Figure 4 such as: aircraft thermal imaging,
biological modelling, camera systems, ground shooting, cage and corral traps, and drop
nets.
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This alternative would permit legal wild boar hunters to control wild boar in Sao Paulo’s
State and Federal Conservation Units where many of the state’s wildlife resources reside.
However, areas that are inaccessible for the legal boar hunters will likely require control

efforts from the Wildlife Department or local wildlife management agencies.

This alternative will require substantial capacity building from the Wildlife Department
and may even require the development of a specialized division. An advantage of this
alternative is that deficiencies in the Wildlife Department’s capacity to manage boar can
be addressed by contracting private operators (i.e., lack of equipment, knowledge, etc.)

Alternative 3: Facilitation of Private Control

An apparent issue with the current status of Brazil’s national policy for wild boar is the
difficulty in receiving authorization to perform population control is discouraging the
public from participating in wild boar control in compliance with IN 03/2013 (Rosa
2016). Contributing to this issue is a lack of knowledge on best practices for population
control (i.e., trap and snare construction, shooting methods, etc.) (Rosa 2016). This policy
alternative would enlist state government resources in facilitating public participation in
population control by helping reduce administrative barriers to receiving authorization
(i.e., allowing for submission of records online) as well as disseminating information and
public workshops to help the public engage in effective population control. This
alternative would also include public-private partnerships or initiatives between the
Wildlife Department and hunting associations.

This policy is likely to be far less expensive to implement than a government
implemented population control and less politically taxing as it only furthers a currently
accepted policy. However, disadvantages of facilitating public participation in population
control include less organized and strategic population management overall and the
potential to create demand for recreational hunting and illegal transportation and stocking
of wild boar.

Alternative 4: Government Implemented Control

The Government Implemented Control alternative would make the SMA’s Wildlife
Department responsible for the introduction and implementation of a wild boar
management plan with an identified management objective (i.e., acceptable level of wild
boar). The Wildlife Department would also be responsible for gathering data, setting
targets, strategizing, and implementing wild boar management throughout the State in
coordination with local wildlife management agencies.

In this alternative, the Wildlife Department would be required to develop the capacity to
fully manage wild boar populations and prohibit public hunting on all State or Federal
Conservation Units. Although public participation in wild boar removal would still be
allowed on private land with landowner permission in pursuant to IBAMA 03/2013 and
other Federal, State, and local regulations, public participation in wild boar control would
be strictly prohibited on public lands including State and Federal Conservation Units.

This alternative does allow for the Wildlife Department to work with private entities such
as universities, laboratories, and contracted private operators to assist in aspects of the
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management plan (population monitoring, biological modelling, thermal imaging from
aircrafts), but makes it the responsibility of the Wildlife Department to meet management
plan objectives.

3) Goals/Alternatives Matrix

A qualitative goals/alternatives matrix was developed for this policy analysis to visually depict
the predictions of each policy alternative on management goals and ultimately the trade-offs
associated with each alternative. The matrix compares the relative likelihood of policy
alternatives in attaining management goals. These management goals are broken into “Impact
Categories”. This matrix aims to explicitly express the qualitative nature of each alternative in
achieving management goals and ultimately reveal the trade-offs associated with each policy.
Some evidence from available literature is provided below.

Effectiveness

Reduction in cases of sus scrofa-livestock (including domestic swine) transmission
Wild boar serve as a reservoir for many infectious diseases for domestic swine including
classic swine fever, brucellosis and trichinellosis. Wild boar have served a role in the
reintroduction of infectious diseases into some domestic swine populations in Europe
(Meng et al. 2009)

Reduction in cases of sus scrofa-human direct disease transmission

Increases in land conversion for agricultural use, hunting, and consumption of wild boar
meat have increased the chances for exposure to infectious diseases such as hepatitis E,
tuberculosis, leptospirosis and trichinellosis. Canada experienced an outbreak of
Trinchinellosis contracted from meat consumption and six hunters in Florida contracted
Brucella Suis from wild boar (Meng et al. 2009).

Reduction in number of municipalities invaded by sus scrofa

The spread of wild boar through Brazil has been driven by illegal transportation and
stocking of wild boar (Deberdt and Scherer 2007). In 1999, Tennessee Wildlife
Resources Agency (TWRA) attempted to facilitate public control of wild boar by
permitting hunting all year with no bag limits and in a decade, incidentally saw an
increase from 2 localized wild boar populations in Tennessee to a population distribution
that had invaded 80 of Tennessee’s 95 counties (New York Department of Environmental
Conservation 2017). Additionally, it has been noted that eradication attempts on Hawaii
that hunting conducted by private citizens had no effect on wild boar populations in less
accessible area (Stone and Loope 1987).

Reduction in overall native species abundance loss in areas invaded by sus scrofa

A negative correlation has been established between frequency of wild boar rooting and
wild boar abundance and native plant species abundance (Hone 2002) through reducing
vegetation cover, seed recruitment, species composition, regeneration of plant
communities (Massei and Genov 2004, Barrios-Garcia and Ballari 2012, Kaizer et al.
2014). Wild boar also disrupt native animal species composition by increasing
competition, predation, and habitat and nest destruction (Massei and Genov, 2004;
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Ditchkoff and Mayer, 2009; Barrios-Garcia and Ballari, 2012 via Kaizer et al. 2014).
Additionally, studies have suggested that wild boar play a role in the introduction of
invasive plant species in fragmented forests (Rosell et al. 2001). Wildlife are more
plentiful in less accessible areas where they are untouched by human development and
land use. However, there is evidence that management by private citizens in less
accessible areas is ineffective, which may be the areas that require the most management
(Stone and Loope 1987) .

Reduction in crop and livestock damage

Wild boar have become a source of concern for policymakers as the they have been
reported across the United States and Australia to cause billions of dollars worth of
damage to crop and livestock production due to predation alone (Pimentel et al., 2001,
2005; Campbell and Long, 2009). Wild boar distribution patterns and behavior have
suggested that wild boar opportunistically invade areas of agricultural production due to
the ease in access to food sources. Studies have suggested that early detection in areas
such as croplands and early attempts at eradication of newly formed populations have
shown positive effects (Hog Heaven paper).

Political Feasibility

Political support from livestock (including domestic swine) producers

Livestock producers have a large stake in wild boar control being implemented within
Séo Paulo. Although livestock producers may experience similar damages to crop
producers due to wild boar predation, livestock producers have to manage the additional
risk of disease transmission to their livestock (Pedrosa 2015). With thousands to
potentially millions of dollars of damage that may be incurred on livestock producers,
any form of control would be likely to be positively received. Disease monitoring or at
least technical assistance in disease monitoring provided by the Government would likely
be very well received.

Political support from agricultural producers

The push to enable control of wild boar nation-wide in Brazil was in part due to pressure
from farming federations (Pedrosa 2015). Any form of control would likely be positively
received by agricultural producers and support would likely be scaled with the amount of
control of wild boar control. Even if control efforts were not taken directly in agricultural
lands, wild boar control efforts would help eliminate the potential of agricultural
production loss by reducing the spread of wild boar populations into additional
agricultural land.

Political support from animal welfare groups

Some of the pushback from the public that the Secretariat of the Environment received
upon the enactment of IBAMA 03/2013 involved the inhuman treatment of wild boar and
general opposition to the killing of wildlife by animal welfare groups. In particular,
members of the public were upset by photographs surfaced on the internet of managed
carcasses (Pedrosa 2015). Although animal welfare groups would likely oppose all forms
of lethal control, animal welfare groups would most likely provide the most significant
opposition if the government itself were enacting to conduct wild boar control. However,
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some of this opposition may be mitigated to a degree by implementing protocols for the
humane removal of wild boar and carcass disposal that is sensitive to public viewing.

Administrative Feasibility

Initial cost to implement program

Initiating and maintenance of management plans for the control of wild boar through
private operators or state wildlife agencies can be very costly. New York State contracted
the responsibility of implementing their wild boar management to the Federal
Government. In 2013, USDA-APHIS began operation in New York on a $385,000
budget for a 3-staff team (Figura 2014).

Cost for program maintenance and upkeep

The cost of maintenance will be reflected in the amount of control being implemented by
wildlife agencies and the cost of hiring private operators. Texas has utilized a cost-
sharing mechanism to reduce costs by currently running an initiative called the County
Hog Abatement Management Program (CHAMP) that matches state funding dollar for
dollar (up to $30,000) with municipalities for wild boar control, which is then paid to
private contractors or used as an incentive for sport hunting (Xu 2013). However, a wild
boar management plan completely implemented by governmental agencies would be
particularly costly to maintain as it requires a full-time staff and other administrative
costs. By 2013, Texas had already spent 7 million dollars on Government implemented
management plans alone (Xu 2013).

Technical Feasibility

Implementation lag time

Other state implemented wild boar management plan as South-West Western Australia
have indicated long time lag between action and benefits and incorporated the use of a
discount rate of these benefits as a performance indicator of the implementation of their
wild boar management strategy. Discount rates used and further information can be found
in “Feral Pig Control Strategy South-West Western Australia 2015-2020” (Bain and

Kinnear 2015).
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Figure 5. Goals/Alternatives Matrix

Goal Type

Goals

Impact Category

Policy Alternatives

1) Status Quo

2) Integrated Government/Private Control

3) Facilitation of Private Control

4) Government Implemented Control

Substantive

Effectiveness

Reduction in cases of sus-scrofa-domestic swine disease transmission

Disease transmission opportunities are influenced
by the eurrent amount of contact between
domestic swine and wild boar

Reductions are more likely than Alternative 1 due
to management efforts made by the wildlife
agencies and private wild boar control to reduce
populations and spread into new municipalities

Reductions are more likely than Alternative 1 due
to management efforts made by private wild boar
control efforts

Reductions from government management effarts
similar to Alternative 2. However, reductions could
be further enhanced by disease monitoring and
prevention research condueted by the Wildlife
Department

Reduction in cases of sus-scrofa-human direct disease transmission

Disease transmission opportunities are influenced
by the current amount of contact between hunters
Swild boar and human consumers/wild boar
products

Reductions are more likely than Alternative 1 for

government control efforts if protocol is in place

and followed for human safety and proper carcass

handling. Reductions uncertain for private control
efforts

Reductions are less likely than Alternative 1 as
there will be increases in human/wild boar
contact and lack of human safety and proper
carcass handling. This can be mitigated with
initiatives for public outreach/education on wild
boar control safety

Reductions more likely than in Alternative 2 due to
restriction an private wild boar control efforts

Reduction in number of municipalities invaded by sus scrofa in the next 5 years

Reduction in the number of municipalities invaded
by wild boar is extremely unlikely to oceur as the

current policy only incentivizes private landowners

to remove wild boar once they have already been
observed. No preemptive actions are taken and

lack of clarity on hunting perpetuates an incentive
for sport hunters to illegally transport and stock

wild boar

Reductions are more likely than Alternative 1 due
to management efforts made by the wildlife
agencies. Reductions unlikely to be affected by
private wild boar control as the methods used do
not typically remove entire populations, The
magnitude in a reduction would be partially
determined by the level of capacity developed in
the Wildlife Department and aggressiveness of
measures taken by the Wildlife Department

Reductions are extremnely unlikely as private wild
boar control as the methods used do not typically
remave entire populations

Reductions more likely than in Alternative 2 as the
ban on hunting would eliminate illegal transport and
stocking of wild boar

Reduction in overall native species abundance loss in areas invaded by sus scrofa

Reduction in native species abundance are very
unlikely in this alternative as many of Sdo Paulo's
native wildlife reside in Federal and State
Conservation Units. It is unlikely that many legal
boar hunters have permission from Unit Managers
to hunt or the equipment to remove wild boar in
more inaccessible areas

Reductions are more likely than in Altemnative 1
and 3 if government control efforts are targeted
at areas of important to native species that is
otherwise cost-prohibitive or inaccessible for
private control efforts to reach

Reductions more likely than Alternative 1 but
may only occur in accessible areas for private
control efforts. Unlikely to reduce the loss of
species abundance with more effectiveness than
Alternatives 2 and 4

Reductions more likely than in Alternative 2 as
private control efforts will no interfere with
government control efforts

Reduction in crop damage

Effective reduction in crop damage is unlikely to
occur legally as the callber reguirement for
firearms used in wild boar removal nearly exclude
all farmers. Crop damage is only being managed
where wild boar have invaded and do not take into
account potential crop damage from municipalities
susceptible to future wild boar Invasion

Reductions more likely than Alternative 1 to
reduce potential crop damage due to government
contral efforts to prevent the spread of wild boar
to susceptible agricultural municipalities

Reductions more likely than Alternative 1 due to
public-private initiatives and facilitated legal wild
boar removal efforts on private land.

Same as Alternative 2

Institutional

Political Feasibility

Political support from livestock producers

Moderate support from domestic swine producers
as the current policy allows swine producers to
remove wild boar on their property that may cause
damage

Significant support from domestic swine
producers

Very significant support for public-private
initiatives that allow producers to profit from
allowing hunters remove wild boar on private

property

Same as Alternative 2

Political support from agricultural producers

Moderate to significant support as farming
associations pushed for the provision of IBAMA
03/2013

Significant support from agrieultural producers

Very significant support for public-private
initiatives that allow producers to profit from
allowing hunters remove wild boar on private

property

Same as Alternative 2

Political support fram animal welfare groups

Moderate opposition to the passage of IBAMA
03/2013 and outrage towards perceived inhumane
treatment of wild boar

Moderate to significant epposition to government
control efforts. Wildlife Department-issued
protocols for humane treatment and sensitivity te
public viewing of wildlife carcasses may lessen
degree of opposition to government control
efforts.

Significant opposition due to lack of incentive by
private control efforts to humanely remove wild
boar

Same as Alternative 2

Institutional

Administrative
Feasibility

Initial cost to implement policy alternative

Mo implementation cost

Meoderate to significant implementation lag due
to capacity building

Low implementation cost associated with
creating public-private partnerships/initiatives, a
online repository for wild boar data, and
education content and workshops.

Significant costs associated with implementing a
wild boar 1t plan

Cost for policy/program maintenance and upkeep

Minimal cost currently assoclated with continual
tracking populations with wild boar data collected
by hunters

Moderate to significant costs associated with
government contral efforts

Low costs associated with maintaining Initiatives,
online database for wild boar data, providing
technical assistance, and public
outreach/education. However, costs will likely
rise over time for contracting private operators if
wild boar population growth is unchecked

Significant costs assoclated with maintaining a
S ide wild boar it plan

Institutional

Technical Feasibility

Implementation lag time

Nao Implementation Lag time

Moderate to significant implementation lag due
to capacity building. Implementation lag time can
be mitigated by working with universities and
contracting private operators

Minimal implementation lag

Significant implementation lag due to capacity
building. Implementation lag time can be mitigated
by working with universities and contracting private

operators
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4) Stakeholder Value Criterion

To understand how the Wildlife Department values these trade-offs in goal attainment, a survey
was distributed to five members of the Wildlife Department to gain insight on varying values of

management goals within the Wildlife Department. Survey takers were asked to rank

management goals and then describe their subjective importance for obtaining each impact
category on an interval scale from 1-10. A goal weight factor was created for each individual

based on their subjective rankings of management goals and multiplied against their subjective
importance score. These were then summed and normalized to create a profile of each person’s
relative values, which are displayed in Figure 6. Tables for the construction of stakeholder value

criterion are displayed in Figures 7 through 9.

Figure 6. Secretariat of the Environment Wildlife Department Stakeholder Value Criterion

SECRETARIAT OF THE ENVIRONMENT
WILDLIFE DEPARTMENT
STAKEHOLDER VALUE CRITERION

M Effectiveness M Efficiency M Political Feasibility Administrative Feasibility B Technical Feasibility

B B B

15.4 15.4 22.0

STAKEHOLDER 1 STAKEHOLDER 2 STAKEHOLDER 3 STAKEHOLDER 4 STAKEHOLDER 5

17.6
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Figure 7. Stakeholder Value Criterion

Management Goal Impact Category Stakeholder 1 Stakeholder 2 Stakeholder 3 Stakeholder 4 Stakeholder 5
Relative Relative Relative Relative Relative
IC scoring | Weighted | IC scoring | Weighted IC (IC scoring | Weighted |IC scoring | Weighted |IC scoring | Welghted IC
(1-10) IC Score [1-10) Score (1-10) IC Score {1-10) IC Scare {1-10) Score
Reduction in cases of sus-scrofa-domestic swine disease transmission 5 17.5 5 17.5 5 17.5 5 17.5 5 17.5
Reduction in cases of sus-scrofa-human disease transmission 5 17.5 5 17.5 5 17.5 5 17.5 5 17.5
Effectivenass Reduction in & of municipalities invaded by sus scrofa in the next 5 years 10 35 10 35 10 35 10 35 10 35
Reduction in overall native species abundance loss in areas invaded by sus
serofa 10 35 10 35 10 35 10 35 10 35
Weight Factor 35 35 35 35 35
Cost-Benefit ratio of crop damage reduction 5 15 5 15 10 o 10 30 7 21
Cost per reduced case of disease transmission to human and domestic
Efficiency
livestock 5 15 5 15 5 15 5 15 5 15
Weight Factor 30 30 30 30 30
Political support from Domestic Swine Producers 5 4 5 k] 5 4 5 ] 5 7.5
Political Feasibility Pol?t?cal support from Agricultural Praduc.crs 9 7.2 9 7.2 10 8 10 12 8 12
Political support from Animal Rights Activists Groups k] 7.2 9 72 1 08 1 1.2 8 12
Weight Factor ] 8 ] 12 15
Cost for policy/program implementation 10 15 10 15 10 15 10 8 10 12
Administrative Feasibility| Cost for policy/program maintanence 10 15 10 15 10 15 10 10 12
Weight Factor 15 15 15 ] 12
Length of time from the implementation of the policy/program to when the |N/A (Full MSA (Full M/A (Full MSA (Full M/A (Full
Technical Feasibility | policy/program benefits materialize Waight) 12| Waight) 2| Weight) 12| Waight) 15| Waight) 8
Weight Factor 12 12 12 15 8
Total 195.4 185.4 204.8 192.2 204.5
Normalized Value Criterion Stakeholder 1 Stakeholder 2 Stakeholder 3 Stakeholder 4 Stakeholder 5
Efficiency 15.4 15.4 22.0 225 17.6
Political Feasibility 9.4 9.4 6.3 9.6 15.4
Administrative Feasibility 15.4 15.4 14.6 8.0 11.7
Technical Feasibility B.1 B.1 59 7.5 EX]
Figure 8. Stakeholder Relative Rankings of Management Goals Figure 9. Weight Factor
Relative Ranking Ranking Ranking Weight
Management Goal |5takeholder|5takeholder|5Stakeholder|Stakeholder |Stakeholder 5 Factor
Effectiveness 1 1 1 1 1 L 35
Efficiency 2 2 2 2 2 ; 30
Political Feasibility 5 5 5 4 3 3 15
Administrative Feasibility 3 3 3 5 a : 1;
Technical Feasibility 4 4 4 3 5 Total 100
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Although there is variance in opinion on the relative importance of administrative feasibility,
political feasibility, and technical feasibility- effectiveness is overwhelmingly the most valued
management goal across all survey takers.

Effectiveness:

e Reduction in cases of sus scrofa domestic swine transmission

e Reduction in cases of sus scrofa human direct disease transmission

e Reduction in number of municipalities invaded by sus scrofa

e Reduction in overall native species abundance loss in areas invaded by sus scrofa

e Reduction in crop damage
Alternative 4, Government Implemented Control, is more likely to achieve effectiveness in all
four Impact Categories for effectiveness. The Wildlife Department unanimously expressed in
their survey answers that Impact Categories “Reduction in number of municipalities invaded by
sus scrofa” and “Reduction in overall native species abundance loss in areas invaded by sus
scrofa” as top priorities for effectiveness. In particular, Alternative 4 was more effective than
Alternative 2 in these two Impact Categories mainly because Alternative 4 1) removes the
incentive for individuals to illegally transport and stock wild boar (the leading driver in the
spread of wild boar in Brazil) and; 2) prevents interference from private wild boar control in
government management efforts on public lands such as Federal and State Conservation Units.

Political Feasibility:

e Political support from domestic swine producers

e Political support from agricultural producers

e Political support from animal welfare groups
Alternative 3, Facilitation of Private Control, will likely have the most political support from
domestic swine and agricultural producers as the facilitation of public-private initiatives would
allow both operators to have the direct benefits of wild boar removal on their property as well as
any additional profit for permitting legal wild boar hunters on their property. However,
Alternative 3 will also likely draw the most opposition from wildlife welfare groups as there are
no incentive for those participating in private boar control to euthanize or treat wild boar
humanely.

Otherwise, Alternatives 2 and 4 will be generally supported by domestic swine and agricultural
producers as both alternatives would help alleviate wild boar damage to livestock and crops and
would allow private landowners to remove wild boar on their own property. Both alternatives
may also draw less opposition than Alternative 3 from animal welfare groups if government
control efforts were conducted pursuant to a Wildlife Department protocol for the humane
treatment of wild boar and sensitivity to public viewing of wild boar carcasses.

Administrative Feasibility:

e Initial cost to implement program

e Cost for program maintenance and upkeep
Alternative 1, Status Quo, requires no implementation cost. Alternative 2 and 4 have the highest
associated implementation cost as implementing government control efforts will necessitate
significant capacity building within the Wildlife Department. Current administrative costs for
Alternative 1 are minimal and revolve around the continual tracking of wild boars removed and
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reported by legal wild boar hunters. Alternative 4 would be the most expensive alternative to
maintain as it would likely require full-time staff responsible for wild boar removal.

Technical Feasibility:

e Implementation lag time
Alternative 1, Status Quo, is currently implemented and therefore, has no implementation lag
time associated with it. Although Alternatives 2 will likely result in moderate to significant
implementation lag time and Alternative 4 will likely result in significant implementation lag
time, components of Integrated Government & Private Control and Government Implemented
Control (i.e., population monitoring, biological modeling, and research and development) can be
implemented faster with the assistance of private entities such as universities, laboratories,
consultants, and private operators.

5) Policy Recommendation

Taking into account the values and priorities of the Secretariat of the Environment’s Wildlife
Department, | recommend Alternative 4, Government Implemented Control, for a state-wide
wild boar management policy.

Government Implement Control in S&o Paulo would entail:
» Capacity building within the Secretariat of the Environment to implement a wild boar
management plan
> Private participation in boar removal limited to control on private land
» Private participation in boar removal strictly prohibited on all State and Federal
Conservation Units within S&o Paulo.

This alternative is most likely to minimize a primary driver of wild boar distribution in Brazil,
the incentive for illegal transportation and stocking of wild boar on private lands, as well as
prevent interference from the public in management efforts to on public lands.
Recommendations on the implementation of a state-wide Government Implemented Control
Program are in Section 11. Although Alterative 4 was likely to perform the worst in
administrative feasibility and technical feasibility, partnerships with the assistance of private
entities such as universities, laboratories, consultants, and private operators during the capacity
building can help mitigate the administrative burden and implementation lag time.

Section 9. Recommendation for Adaptive Management Framework

Adaptive Management as a Wild Boar Management Decision-Making Tool
Decision-making for the management of wild boar is confounded by institutional and technical
conditions such as multiple management objectives, limited management authorities and
capacities, dynamic ecological systems, and uncertain management responses. An emerging tool
in the space of natural resource management is adaptive management, a structured approach that
emphasizes the explicit acknowledgement of uncertainty in management impacts, iterative
learning to reduce this uncertainty, and improved management as a result of learning. The
operational definition of adaptive management from the National Research Council well captures
the purpose of adaptive management (US DOI 2009):
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“Adaptive management [is a decision process that] promotes flexible decision making
that can be adjusted in the face of uncertainties as outcomes from management actions
and other events become better understood. Careful monitoring of these outcomes both
advances scientific understanding and helps adjust policies or operations as part of an
iterative learning process. Adaptive management also recognizes the importance of
natural variability in contributing to ecological resilience and productivity. It is not a
‘trial and error’ process, but rather emphasizes learning while doing. Adaptive
management does not represent an end in itself, but rather a means to more effective
decisions and enhanced benefits. /¢’s true measure is in how well it helps meet

environmental, social, and economic goals, increases scientific knowledge, and reduces
tensions among stakeholders. ”

Adaptive management is a particularly appropriate decision-making tool when dealing with
situations where (1) a moderate to high amount of uncertainty that influence management
performance is present; and (2) capacity to influence the system being managed exists.
Specifically, adaptive management is a well-suited framework for the development of a state-
wide wild boar management policy in S&o Paulo because it recognizes the uncertainty associated
with the resilient demographic and behavioral characteristics of invasive wild boar and limited
understanding of effective wild boar control management policies, and seeks to reduce this
uncertainty to improve management (US DOI 2009).

Figure 10. Approaches to decision making in a natural resource system. Source: US DOI
2009
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Inherent strengths of an adaptive management approach include:

Providing flexibility to adjust management actions in the face of uncertainty

Learning from evaluation of management actions are used to inform subsequent actions
Making explicit management goals and when and how actions should happen and be
adjusted

Encouraging long-term stakeholder collaboration

Enabling optimal decision making with the information available

Inherent challenges of an adaptive management approach include:

Institutional reluctance towards change

Commitment to monitoring and evaluation for the life of the project
Significant time lag between management actions and their impacts
Complex legal environment

Collecting sufficient information to evaluate progress

Figure 11. Diagram of Adaptive Management Framework. Source: California Department
of Fish and Wildlife 2017
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Adaptive Management Framework for a Government Implemented State of S&o Paulo
(SSP) Wild Boar Adaptive Management Plan

Although there are various approaches to setting up an adaptive management plan, properly
implemented adaptive management plans all contain a version of the following steps: (1)
Problem Assessment, (2) Creating Goals & Objectives, (3) Designing Management Alternatives,
(4) Planning for Modeling and Monitoring, 5) Decision Making, 6) Monitoring and Assessment,
and 7) Learning and Making Adjustments. This section will outline these steps and specific
recommendations for a Government Implemented State of S&o Paulo Adaptive Management
Plan. Note that “e” are general notes and recommendations and ““>” are specific
recommendations for S&o Paulo.

Two Phases of Learning in Adaptive Management Framework

Process and institutional learning involve recurring reconsideration of the set-up components of
an adaptive management plan, while technical learning involves the iterative process of decision
making, monitoring, and assessment. Both of these phases have significant influence on the other
as the set-up phase structures the components of the iterative phase and components of the
iterative phase guide the periodic reviews of components in the set-up phase (US DOI 2009).

Figure 12. Depiction of the Set-up and Iterative phases of adaptive management. Source:
US DOI 2009
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1. Set-up Phase

Step 1: Problem Assessment

An important component of an adaptive management plan is having stakeholders assess the
scope, management goals, and potential management alternatives for invasive wild boar
management (US DOI 2009).

e First, stakeholders should be identified and encouraged to participate, which may involve
personal contacts, public announcements, and informal and formal consultations.
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e Second, a process must be developed for soliciting stakeholder input for the adaptive
management plan for wild boar including management goals and management
alternatives. This can be structured with the help of formal consultations and legally
mandated and administered procedures.

e Third, once stakeholders have agreed on the scope, goals, and management interventions
for an adaptive wild boar management plan, stakeholders must commit to an objective-
driven, iterative decision-making process.

The Secretariat of the Environment of Sdo Paulo should seek participation from appropriate and
relevant internal stakeholders including: The Wildlife Department, Biodiversity and Natural
Resources Coordination (CBRN), Environmental Planning Coordination (CPLA), Environment
Inspection Coordination (CFA), Environmental Education Coordination (CEA), Environmental
State Council (CONSEMA), Forestry Foundation (FF), Institute of Forestry (IF), Institute of
Geology (IG), and Urban parks Coordination (CPU). These internal stakeholders may be integral
to the environmental planning, monitoring, evaluation, research, enforcement, and public
outreach that will be required to successfully implement an adaptive management plan (SMA
2013b).

Due to the geographic, administrative, and political scale of the issue of wild boar damage,
external stakeholders to be considered should include the Secretariat of Agriculture and Supplies,
the Secretariat of Heath, and leaders from wildlife management agencies from municipalities
significantly impacted or concerned about potential significant impacts from wild boar.

Lastly, the issue of increasing wild boar populations and wild boar damage in S&o Paulo does not
exist in a vacuum. It will be valuable to talk to corresponding representatives from surrounding
states and the federal government of Brazil, as the possibility of a partnership or complementary
adaptive management plans could be have significant impacts towards reaching long-term
objectives of reducing wild boar impacts within S&o Paulo.

It is important that stakeholders are fully aware of the commitment of active participation
required to properly implement an adaptive management plan which will require a commitment
of time, resources, and active engagement. Responsibilities of each stakeholder should be
explicitly stated in program documents and every effort to meet these responsibilities for the life
of the project should be made.

Step 2: Creating Goals & Objectives

Management goals need to developed that are substantial in influencing decision-making and
management objectives need to designed to reducing uncertainty and measuring performance of
management alternatives over time. Additionally, both management goals and objectives should
be developed to reflect the ecological, social, and economic values of stakeholders. “Objectives”
are similar to the “Impact Categories” used in Section 10 can be used as attributes of
management goals. Creating successful objectives require technical features to be valuable in
decision-making and evaluation including:

e Specific: Objectives should have unambiguous specific metrics and targets
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Measurable: Objectives should have elements that are measurable and, when possible,
quantifiable

Achievable: Objectives should be based within the capacity of associated institutional,
political, and natural systems

Results-Oriented: Objectives should have end-points, conditions, or targets that indicate
when the objective is achieved

Time-fixed: Objectives should indicate timeframes for achievement consistent with the
life of the project

The management goals and Impact Categories developed in Section 10 have been adapted
below to management goals and objectives for an adaptive management plan and can be
incorporated with the targets and timeframes agreed upon by stakeholders. Due to the
implementation lag of capacity building to monitor and evaluate progress towards goals of
wild boar populations and the damage they inflict on S&o Paulo, there should be a realistic
timeframe that allows for benefits of management materialize, which could be anywhere
from, 5 to 10 years (Bain and Kinnear 2015).

Effectiveness:

YVV YVVVVVY

Reductions in native plant and animal species abundance/richness in protected areas
Loss of endangered and threatened plant and animal species habitat

Reductions in water quality (pathogens, sediment load, etc.)

Reductions to soil quality (soil erosion, soil composition, etc.)

Reductions in non-target species incidents, injuries, and fatalities

Reductions of number of wild boar distribution in new areas (property to municipality
scale)

Reductions in cases of direct disease transmission to humans

Reductions in cases of direct disease transmission to livestock

Reductions in crop and livestock monetary damage

Efficiency:

>
>

Cost benefit ratio of crop and livestock damage
Cost benefit ratio of every reduced case of disease transmission to human

Political Feasibility:

YVVVYY

Support from >50% of farming federations

Support from >50% of livestock production associations

Support from >50% of animal welfare groups

Support from >75% wildlife management agencies of municipalities
Support from >50% general public

Administrative Feasibility:

>
>
>

Cost of initial implementation of management alternative
Cost of maintenance and upkeep of management alternative
Probability of receiving sufficient appropriations for implementation
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» Probability of receiving sufficient appropriations for the life of the project
» Enforceability (i.e., environmental inspections, permitting, etc.)

Technical Feasibility:
» Number of days between implementation and expected benefits

Step 3: Designing Management Alternatives

The design of management alternatives should involve stakeholders and should be both explicit
and documented. Management alternatives should be developed that will produce different
responses to promote learning. Often, this means minimizing the number of alternatives
(somewhere between 3-5) and maximizing the differences between them. It is also important to
keep in mind that adaptive management plans for natural resources typically focus on potential
change in resource status or a change of process rate.

For a government implemented SSP Wild Boar Adaptive Management Plan, there are different
lenses at which to develop a suite of appropriate alternative management actions including:

» Degree of wild boar monitoring and removal responsibility between wildlife management
agencies at the local, municipality, and state level

» Geographic scale of wild boar management efforts (i.e., selection of critical areas to focus
efforts)

» Suite of methods to implement for monitoring, removal, research and develop, and
technical assistance required to meet objectives

Specific Recommendations to Consider:

> Prioritize removal efforts first in areas that contain 1) suitable habitat for wild boar; 2)
critical natural resources (such as endangered species, fresh water resources), and 3)
unestablished wild boar populations. As seen in the USDA-APHIS’s approach to
implementing FSDM and utilizing resources, states with areas that are susceptible to
invasive wild boar are prioritized before states that are saturated with wild boar (such as
Texas) due to the difficulty of eradicating wild boar populations once they become
established (Nordrum 2014).

» Utilize removal methods in a sequence that helps maximize effectiveness by first using
methods that do not teach wild boar to become adapted to ground shooting (i.e.,
trapping, aerial shooting) in the invaded area and using methods such as the ground-
shooting with dogs later in the sequence of removal methods to produce less
individuals that become elusive. For the eradication of wild boar on Santa Cruz Island,
contractors used a strategic sequence of removal methods to eradicate all 5,036 wild boar
in 411 days in all 5 zones that were created through fencing. The order and corresponding
% of wild boar removed are as followed: trapping (16%), aerial shooting (77%), and
ground shooting with hunting dogs (5%). The used of Judas Pig/telemetry was used to
monitor success and radio telemetered individuals were responsible for locating 43% of
the last individuals removed (Parkes et al. 2009). In Parkes findings, wild boar were more

45



vulnerable to ground shooting in evergreen vegetation than aerial shooting but more
vulnerable to aerial shooting than ground shooting in open herbaceous or grassland
habitats (Parkes et al. 2009).

> Create protocols for proper carcass disposal by government contractors and wildlife
agencies and guidelines for proper carcass removal for private landowners. Examples
of protocols in the United States for disposal of wildlife carcasses include the "U.S.
Department of Agriculture National Animal Health Emergency Management System
Guidelines-Operation Guidelines: Disposal.” (USDA 2005b)

Step 4: Planning for Modeling and Monitoring

Modeling Resource Status and Management Alternative Performance

Once management goals, objectives, and management alternatives have been identified, it is
important to use appropriate models to compare and contrast management alternatives in terms
of costs, benefits, outputs over time, and more importantly, forecast the impacts of management
alternatives (US DOI 2009).

Overall, appropriate and beneficial models for an adaptive management plan:

e Characterize system behavior and responses to management actions

e Incorporate different hypothesizes and ideas about how natural resource system functions
and how the system would response to management

e Work with a suite of models that capture uncertainty about system behavior and
responses to management

e Compatible with and calibrated to available data and knowledge

Appropriate and beneficial models for a SSP Wild Boar Adaptive Management Plan should
describe resources changing over time (to allow for learning and management adaptation),
characterize the fluctuating environment conditions contributing to these dynamic changes, and
distinguish resources in terms of processes that are directly influenced by management.
Dependent on the availability of data and knowledge, models of the dynamic relationships within
the natural system that wild boar inhabit in Sdo Paulo may include a wide range of models from
informal verbal descriptions of system dynamics to formal mathematical expressions and
complex geospatial/temporal models (US DOI 2009). Models for a SSP Wild Boar Adaptive
Management Plan should seek to describe:

» Wild boar population, abundance, distribution

» Susceptible areas to future invasion (habitat suitability, population dynamics, etc.)
» Environmental inputs to wild boar suitable habitat (minimum mean temperature,
maximum mean temperature, proximity to agriculture, proximity to water
resources, heterogeneity of land cover, etc.)

native plant and animal (including endangered and threatened) habitat,
abundance, richness

Water quality (pathogens, sediment load, etc.)

Soil Quality (soil erosion, soil composition, etc.)

Human/Domestic livestock disease monitoring

VVV VYV
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» Crop and livestock damage

Planning for Monitoring Performance

Proper monitoring is one of the key components that promotes learning in the adaptive
management approach. Through comparing model-based predictions against monitoring data, the
Secretariat of the Environment can:

e Evaluate progress towards management goals and objectives
e Identify appropriate management actions by determining the status of resources

e Increase understanding of resource dynamics by comparing predictions to
monitoring data

e Inform and refine models of resource dynamics

Although monitoring and field surveying may contribute to overall scientific understanding, its
main purpose in the context of adaptive management is to focus on the information needed to
make management decisions and evaluate their impacts. Therefore, monitoring plans can be
made more efficient (providing maximum precision for a given cost or minimum cost for a
predetermined level of precision) if the data collection is specific to the attributes of management
goals, objectives, and models being used to contribute to the adaptive management process.

Demonstration of Suitable Wild Boar Habitat Modelling for Sdo Paulo

In order to explore the factors of suitable habitat that influence the most current distribution data
of wild boar in Sdo Paulo, | investigated the general constituents of suitable habitat and how
these translated into the specific ecological factors that provide an appropriate environment for
wild boar to thrive. Generally, suitable habitat for wildlife involve factors such as: shelter from
weather and predators; food and water availability; space to obtain food, water, and attract a
mate, and climate. Using the most current geospatial data on the distribution of wild boar in Séo
Paulo at the municipality level (2014), | used a Maximum Entropy model developed by
Princeton University to identify the influence of these environmental variables based on the
likelihood of environmental variables at current distribution and extrapolating the influence of
these environmental variables to estimate occupancy probabilities throughout Sdo Paulo. The
Maximum Entropy model uses specific training points to predict similar areas. The objective of
this geospatial analysis is to provide a map of suitable habitat for wild as a resource for
prioritizing early detection and management control efforts. Additionally, this analysis will serve
as a demonstration of the potential of incorporated geospatial analysis for modeling resource
status (Phillips et al. 2017).

Model for Probability of Occurrence of Suitable Habitat

This Maximum Entropy model was created to show the probability of suitable habitat for wild
boar across Sao Paulo based on the current municipality level data on invaded municipalities in
2014 (Pedrosa 2015). This should not be confused with a depicting probability of invasion or
population distribution as this would require much more data and considerations for wild boar
population and migration dynamics.
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The Maximum Entropy models the probability of occurrences based on the environmental
factors inputted as well as its corresponding importance in model fit. 1) The percent contribution
describes the impact that environmental variable had on predicting the occurrence. 2) The
permutation importance is calculated by randomly permuting the values of environmental factors
amount the training points (both presence and background) and the resulting drop in training
AUC (a ranking approach for assessing model fit). The larger the decrease, the more validity that
the environmental factor is influential on the model. These results are presented in the form of a
map, showing the occurrence probability across the state as well as a table of percent
contribution and permutation importance.

Factors of Suitable Habitat for Wild Boar

After an initial literature review, environmental variables affecting suitable habitat for boar
slightly varied by region but were often identified as maximum temperature, minimum
temperature, proximity to agricultural lands (Hog heaven paper- temperature, water, and
proximity to agriculture). Additionally, proximity to water and heterogeneity of land cover also
have been cited as affecting habitat suitability. Due to availability of data with sufficient
resolution, mean maximum temperature, mean minimum temperature, and land use/land cover,
specifically agricultural land use, were used for the Maximum Entropy model.

1) Maximum & Minimum Mean Temperature

Multiple studies ranging across North America, Europe, and Asia (McClure et al. 2015,
Melis et al. 2006, Rosvold & Andersen 2008) identified minimum temperature and maximum
temperature, to an extent, as primary drivers and limiters in the likelihood of wild boar
distribution. Particularly in the contiguous United States, McClure et al. found that
distribution of wild boar was strongly limited by cold temperatures and high probability of
occurrence was associated with frequent high temperatures, up until a threshold. However, it
is important to note that at least in the United States, part of the distribution of wild boar and
therefore what also being represented in their model, to a certain degree, is the historic
release in the southern United States where temperatures are generally higher than the
northern portion of the country.
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Figure 13. 2013 Mean Maximum Temperature in Sdo Paulo.
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Figure 14. 2013 Mean Minimum Temperature in S&o Paulo.
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2) Land Use/Land Cover

Land cover has also been cited as an important factor for shelter and foraging. Wild boar
generally seek shelter in the vicinity of forests, swamps, tall grass, and shrub thickets
(Engeman et al. 2013) and use of pastoral areas for foraging and agricultural lands when
available because of the relative ease of access to food sources (Choquenot 1998).

Figure 15. 2013 Land Cover of Sao Paulo. Source: University of Maryland MODIS Land

Cover 2016
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Model Results

Figure 16. Probability of Occurrence for Wild Boar Suitable Habitat in Sao Paulo. Municipalities
in green and yellow observed wild boar in 2007 and 2014 respectively
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Figure 17. Table of Percent Contribution and Permutation Importance by Mean Minimum
Temperature, Agricultural Land Use, and Mean Maximum Temperature

|Variable||Percent contributionHPermutation importance|
| min|| 80.3| 45.5|
| ag|| 15.7| 20.8|
| max|| 4| 33.6|

The results of the model show that of the environmental factors in the model, mean minimum
temperature is the leading factor in predicting occurrence probability of wild boar suitable
habitat in S&o Paulo. Mean minimum temperature contributes to 80.3% of occurrence probability
and a decrease of 45.5% for the fit of the model once it is removed. This finding of this model
are supported by similar findings in the United States where minimum temperature has been
suggested to be the limiting factor for wild boar distribution in the United States (McClure et al.
2015). Following the contribution to occurrence probability are agricultural land use and mean
maximum temperature.
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Lessons Learned for Modelling
» Data on wild boar presence with latitude and longitude coordinate precision would vastly
improve the accuracy of the suitable wild boar habitat model.

> Data collection needs to be performed by more wildlife agencies on public lands that are
inaccessible to most of the public as current wild boar presence data is based on public
wild boar control efforts and reporting and do not take account areas that inaccessible to
the public.

Limitations of the Model:

o Autocorrelation between environmental variable inputs affects the validity of the
occurrence probabilities. For example, there is often strong autocorrelation
between mean maximum temperature and mean minimum temperature in most
regions.

o Environmental variables as inputs will be limited by data availability. Maximum
Entropy was developed to process a variety of environmental variables. However,
although there are many factors that contribute to species suitable habitat,
availability of data at an appropriate spatial scale (i.e., availability of fresh water
resource, etc.) may be one of the limiting factors for model validity.

Lessons Learned for Monitoring
> Focus early detection efforts in most susceptible municipalities and areas.

» Collect data on wild boar populations with much more spatial precision to facilitate finer
resolution in geospatial modelling. This can be accomplished with GPS.

» Create monitoring protocols that allow comparisons over time and between areas.

2. lterative Phase
Set up components of the adaptive management plan should be in place at this point
(problem assessed, management goals, objectives, and alternatives determined, modelling
and monitoring plans created). The Iterative Phase will incorporate these elements into an
iterative decision making process that leads to better understanding and management actions.

Step 5: Decision-Making
Selection of a management alternative and its associated management actions should be
made based on current resource conditions and understanding. As both of these change
over time based on the impact of management decisions, the management decisions
should be adjusted as well. This process can be done through a formal computerized
optimization method or more qualitative approaches such as assessment through a
goals/alternative matrix like the one used in Section 10.

Step 6: Monitoring and Assessment

In this particular case, it will be likely that data collection needs to be initiated prior to the first
iteration of the adaptive management plan to establish a baseline for status of resources. Camera
systems, Judas Pig/telemetry, remote sensing, thermal imaging, and ground proofing and

52




verifying signs of wild boar damage can be used to help estimate first verify a baseline and then
to evaluate the effectiveness of both management decisions and the confidence placed in each
model. Models and their underlying hypotheses can evolve overtime through a comparison of
model predictions against monitoring data.

Step 7: Learning and Making Adjustments

Technical Learning

The technical learning achieved through the iterative process of decision making, monitoring,
and assessment can be entered at any point of the cycle, though in most cases, decision making is
the natural entry point. The cycle should be predetermined to terminate at the end of the
timeframe created when scoping the adaptive management plan (US DOI 2009).

Institutional and Process Learning

An important concept that distinguishes adaptive management plans from traditional
management plans is that the adaptive management process itself can periodically adjust the
underlying components of the set-up phase of the adaptive management plan (problem
assessment, management goals & objectives, management alternatives/actions, and planning) as
technical learning from the iterative phase may further understanding and influence stakeholder
perspectives and institutional arrangements (US DOI 2009).
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