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Abstract: Commercial harvests have been effectively employed to manage wildlife populations
across the world. Although commercial harvesting of the nonnative, invasive axis deer (Axis axis)
in Maui, Hawaii, occurs at small scales and only on private lands, there is potential for large-scale
implementation to be used as a population management tool. To investigate local stakeholder
interest in a hypothetical, large-scale commercial harvest of axis deer, we used an online survey of
individuals and businesses in Maui to analyze their attitudes towards axis deer populations and
management, their experiences with axis deer, and potential to utilize axis deer venison and products,
as relevant. We found evidence of public support for commercial harvesting to be employed as one
of the many tools available to manage axis deer populations. Additionally, we documented support
on both the supply-side and demand-side for axis deer-derived products that may be available if
large-scale commercialized harvesting were implemented. We leverage these results to contribute to
conversations about commercial wildlife harvesting in the United States by challenging assumptions
that the practice is inconsistent with the public’s perceptions of the North American Model of Wildlife
Conservation and suggesting policies and programs that would ease axis deer commercial harvest
growing pains.
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1. Introduction

Recreational hunting is recognized as a useful wildlife management tool contributing
to livelihoods, culture, and leisure [1]. Cervid species throughout Europe and North Amer-
ica, in particular, have increased to the extent that recreational hunting is considered vital
to achieving population management goals [1]. However, there is also acknowledgment
that, in many contexts, recreational hunting alone is not enough to reduce overabundant
wildlife populations. For example, Blossey et al. [2] found that recreational hunting was not
sufficient to reduce white-tailed deer (Odocoileus virginianus) populations in central New
York State, USA, nor their browse rates and associated ecological impacts (e.g., seedling
depredation). This is particularly true of nonnative, invasive species that benefit from
life-history characteristics that allow them to thrive in new habitats (e.g., rapid growth,
high fecundity, high tolerance of a range of habitat conditions, and a lack of natural preda-
tors [3]). In these instances, recreational hunting opportunities are not adequate to control
invasive species populations [4].

A variety of wildlife population control methods are used in attempts to manage over-
abundant population numbers (e.g., sterilization, trap and transfer, culling/
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sharpshooting [2,5,6]), yet each requires financial resources that are not always available [3],
unlike recreational hunting. As such, wildlife managers have explored and implemented
commercial harvests as another management tool, where allowing hunters to profit from
the sale of harvested wildlife creates a financial incentive for hunters to harvest beyond their
personal thresholds [6]. Globally, commercial harvests have been effectively implemented
to manage native wildlife populations, such as urban western gray kangaroo (Macropus
fuliginosus) populations in southwestern Australia [7], and nonnative wildlife populations,
such as red deer (Cervus alaphus) in New Zealand [8].

Similarly, the strategy has been utilized to attempt to control various nonnative, inva-
sive fish species (e.g., black carp (Mylopharyngodon piceus), bighead carp (Hypophthalmichthys
nobilis), and silver carp (H. molitrix Valenciennes)) in the United States [3]. Although com-
mercial harvests of white-tailed deer have been discussed [2,6], the United States has yet
to see the commercial harvest of any native mammals due to its perceived incompatibil-
ity with the North American Model of Wildlife Conservation (NAMWC) and associated
regulations [6]. However, the commercial harvest of nonnative invasive species has the
potential to operate outside of the fundamentals of the NAMWC.

Axis deer (Axis axis) are native to India, Nepal, Bhutan, Bangladesh, Sri Lanka, and
Pakistan, where large carnivores regulate populations. In 1867, eight axis deer were
introduced to the Hawaiian island of Molokai as a gift to King Kamehameha V, and without
natural predators, competition, or mortality-affecting diseases/parasites [9], the population
increased to nearly 7000 within 30 years [10]. Small populations were transported to other
Hawaiian islands, including Maui in 1959, for the purpose of providing hunting game, and
populations exploded in many of these instances, as well. Today, an estimated 50,000 deer
inhabit Maui alone [11], and the deer have caused ecological and socioeconomic damage
throughout the island, including the degradation of native ecosystems (due to a lack of
coevolution with cervid species), over USD 1 million in damage to crops, golf courses,
and ornamental gardens [9], and deer–vehicle collisions [11]. Despite their high cultural,
economic, aesthetic, and recreational values as recognized by local residents and hunters
in Maui and across the islands [11,12], the damage axis deer cause has prompted the
governor’s “30 by 30” plan to fence 30% of the state’s priority watersheds by 2030 in an
attempt to protect them from axis deer [11]. However, criticisms of the plan highlight
problems with fencing in general; fencing can be prohibitively expensive, it is not always
effective in keeping persistent deer out, and merely excludes deer from areas rather than
reducing populations [11].

To encourage population control via recreational hunting, Hawaii’s Department of
Forestry does not restrict axis deer hunting on public lands with bag limits or seasons [9].
Further, commercial harvesting of the nonnative axis deer in Hawaii is permitted on
private lands when conducted in accordance with stringent United States Department
of Agriculture (USDA) oversight for food safety; but it is not legal on public lands and
is currently only conducted at very small scales due to these regulations [11]. Although
axis deer commercial harvesting is in its infancy, it represents a significant opportunity for
population control if it is allowed to mature in scale.

A key component of exploring the large-scale viability of commercial harvesting as a
population management strategy for axis deer (or other mammals) in the United States is
understanding stakeholder support. Indeed, wildlife management agencies rely on surveys
of stakeholders to measure preferences towards and support for population management
alternatives, particularly as they relate to cervid [13] and nonnative, invasive [14] species
management. However, as Lohr et al. [12] note, human dimensions research for Hawaii’s
terrestrial species is limited, and studies documenting stakeholder support for axis deer
management alternatives are lacking. The purpose of this research was to help fill this
gap and to serve as an exploratory study to investigate local stakeholder preferences for
management alternatives, specifically focusing on interest in a hypothetical, large-scale
commercial harvest and its subsequent axis deer-derived products. To achieve this aim, we
surveyed individuals and businesses in Maui (island) and analyzed their attitudes towards
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axis deer populations and management, their experiences with axis deer, and the potential
to utilize axis deer venison and products, as relevant. Our goal was to use these results
to provide evidence of the level of local support for commercial harvests as a population
control strategy and contribute to conversations about commercial wildlife harvesting in
the United States by challenging assumptions that the practice is inconsistent with the
public’s perceptions of the NAMWC and suggesting policies and programs that would
ease commercial harvest growing pains.

2. Methods

We developed two different survey instruments for this study, both of which re-
ceived IRB approval (University of Delaware Human Subjects Approval # 544885-1) and
resulted in data analyzed using StataBE 17 statistical software. The first instrument was
designed to explore the perceptions of individuals who lived or hunted in Maui related
to axis deer populations and management. The instrument included attitudinal ques-
tions about population growth and its effects on people and the environment, questions
measuring preferences towards population management alternatives (e.g., fencing, trap
and transfer; each of which included a brief description of the alternative), questions
about perceptions of large-scale commercial harvesting as a population control strategy,
and demographic questions. To reduce the length of the survey for any given respondent,
respondents who indicated that they had purchased a Hawaiian hunting license within
the past two years were asked about their willingness to participate in a hypothetical
commercial axis deer harvest. Those who had not purchased a Hawaiian hunting license
within the past two years were asked about their willingness to potentially purchase axis
deer-derived goods.

We administered the survey online using Qualtrics survey software and we collected
data from January through March 2014 using a combination of systematic random sample
and convenience sample approaches [15], which involved dissemination over a variety
of channels. First, we used the Maui Yellowbook “Business and Resident: 2014–2015”
section to generate a random selection of 1000 residents. Approximately five residents
per page were selected by selecting every tenth resident listed. If the tenth entry was a
business, the next residential entry listed was selected. We mailed a one-page, push-to-
web letter [16] to each address, which included information explaining the background
and purpose of the survey and a shortened web link to the survey. Additionally, web
links to the survey were published in articles in The Maui News and Maui Now local
newspapers, as well as shared on the latter’s Facebook page. Finally, to increase the
likelihood of reaching hunter respondents, we shared the survey information and web
link on multiple Maui hunting group online bulletin boards and with various hunting
groups and axis deer hunting guides so they could forward it to their membership and
clients. Each channel used to distribute the survey provided potential respondents with
the same information regarding the purpose of the survey and research, how to complete
the survey, and informed consent information.

The second instrument was designed to investigate local Maui businesses’ interests in
offering axis deer venison and other products that would be available should large-scale
commercial harvesting be adopted as a population control strategy. Using extensive Google
searches, we generated a sampling frame of locally owned and operated businesses that
might be impacted by such a large-scale commercial harvest based on the products or the
services the business offered. Specifically, we searched for local hunting guides, businesses
in the food industry (e.g., restaurants, chefs, grocery stores, delis, meat suppliers), pet food
companies, zoos/animal sanctuaries, businesses in the jewelry industry (e.g., jewelers,
bead sellers/manufacturers), and leather smiths/tanners. Using the Google searches and
follow-up phone calls to businesses, we generated a list of 133 viable email addresses of
businesses that fit into one or more of these categories. Given the small available sampling
frame, we attempted a census [15] by emailing each address with information about the
study, the purpose of the research, and the link to the survey. We programmed logic into
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the instrument to ensure that only relevant questions were displayed based on the type of
business participating in the survey. The initial email and four reminder emails were sent
from September through December 2013.

3. Results
3.1. Individual Survey

A total of 180 respondents completed at least 75% of the survey and were included in
data analysis. Approximately 56% of respondents were male and ages ranged from 18 to
79, with an average age of 52 years old (SD = 13.77). Most respondents (93.10%) indicated
they primarily resided in Maui, whereas 3.45% lived in another Hawaiian island and the
remainder lived in another US state or country. Over half of respondents (59.30%) had a
bachelor’s or graduate degree, 16.28% had an associate’s degree, and 23.26% had a high
school degree or equivalent. The majority of respondents (71.11%) owned land in Maui,
with most of these respondents (83.59%) owning <1.2 ha (3 ac), 11.72% owning 1.2–4.1 ha
(3–10 ac), and 4.69% owning >4.1 ha (10 ac).

Approximately 65% of respondents believed that there were a lot more deer in Maui
as compared to the previous five years. An additional 17.22% of respondents believed
there were a few more deer, 7.78% believed populations were about the same, 3.89%
believed there were either a few less or a lot less, and 6.67% were unsure. Along with
a perception of the increased axis deer population, there also was an accompanying
perception of damage. A total of 29.13% of landowners had experienced damage from
axis deer on their property, where 19.69% of landowners had experienced landscap-
ing/yard damage, 13.39% experienced agricultural damage, 11.02% experienced damage
to personal gardens, 3.15% had fencing damaged, and 1.57% experienced competition
for forage in their cattle pastures.

In response to the perceptions of increased populations and damage, 42.22% of respon-
dents indicated the axis deer population should be greatly decreased, 32.22% believed the
population should be decreased, and 20.00% believe it should stay the same. Of note, no
respondents indicated axis deer populations should be greatly increased, 2.78% believed
they should increase, and 2.78% were unsure. Recreational hunting was the most sup-
ported management alternative, on average, with commercial harvesting and fencing also
garnering support (Table 1). On average, respondents were neutral regarding support for
the remaining alternatives, although the prospect of not taking any management action
was not supported. We then specifically asked about concerns regarding the potential for
large-scale commercial axis deer harvesting as a population management strategy and
34.27% did not foresee any problems, 42.70% foresaw few and/or minor problems, 18.54%
of respondents indicated they foresaw many and/or serious problems with this strategy,
and 4.49% were unsure.

Of the 45 respondents who indicated they had purchased a Hawaiian hunting license
within the past two years, 71.11% only or primarily hunted axis deer, 17.78% occasionally
hunted axis deer but mostly hunted other species, and 11.11% had never hunted axis deer.
Greater than a third of respondents who had hunted axis deer (37.50%) spent over 100 days
within the past two years hunting axis deer. Approximately 23% had hunted between one
and 39 days within the past two years, 20.00% had spent 40 to 99 days, and 20.00% were
unsure. Nearly half (46.15%) of hunter respondents indicated they would be interested in
participating in a commercial axis deer harvest, 38.46% indicated they might be interested,
and 15.38% were not interested. More than half of hunter respondents indicated their
hunting behavior would change if they could sell axis deer meat they had harvested, with
27.50% indicating they would hunt much more often and 25.00% indicating they would
hunt a little more often. Nearly a third (32.50%) indicated their behavior would not change,
whereas 5.00% said they would hunt much less and 10.00% were unsure. Approximately
35% of hunter respondents strongly agreed or agreed they would benefit from being able to
sell harvest axis deer meat, whereas 32.50% neither agreed nor disagreed, 5.00% disagreed
or strongly disagreed, and 10.00% were unsure.
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Table 1. Support for management actions of axis deer among respondents of the individual survey,
in Maui Island, Hawaii, USA, 2014.

Percentage of Response (%)

Mean Completely Support
(1) (2) Neutral

(3) (4) Do Not Support at All
(5) n

Recreational hunting 1.59 76.00 8.57 4.57 2.29 8.57 175
Commercial harvesting 2.10 54.29 16.00 9.14 6.29 14.29 175
Fencing 2.13 51.15 13.22 17.82 7.47 10.34 174
Hired sharpshooting 2.84 34.69 10.98 16.76 10.40 27.17 173
Contraceptives 2.96 34.88 5.23 20.35 8.14 31.40 172
Trap and transfer 3.10 32.56 7.56 13.95 9.30 36.63 172
Take no management action 4.26 7.74 4.17 11.90 6.55 69.64 168

Of the 128 non-hunter respondents, 71.88% indicated they would be interested in
purchasing axis deer meat at the store and/or as a dish in a restaurant. Similarly, 68.63%
of non-hunter respondents who owned pets (n = 102) were interested in purchasing pet
food or treats (e.g., axis deer bones, antlers, or hooves as chew toys) made from axis deer
meat/parts. Approximately 47% of non-hunter respondents who wore jewelry (n = 86)
were interested in purchasing jewelry made from axis deer antler beads.

3.2. Business Survey

Of the 133 businesses in our sampling frame, 22 completed the survey (Table 2),
representing a response rate of 16.54%. Four hunting guides responded, two of whom
served as part-time hunting guides mostly for novice bowhunters and two of whom
worked as guides as their main source of income. All four guides noted that they did
not believe current customers’ behaviors would change if hunters could sell the axis
deer meat they harvested; however, two indicated that they might see a small increase in
new customers (i.e., hunters who had never hunted with a guide before), whereas the
other two did not believe they would see any change in new customers. When asked
about concerns regarding the potential for large-scale commercial axis deer harvesting
as a population management strategy, two did not foresee any problems. One guide
foresaw a few and/or minor problems, citing access to deer herds as a potential issue,
and another guide foresaw many and/or serious problems, noting that “illegal poaching
and liability would heavily increase on private land, which would be a safety issue”.
Similarly, when asked about their (dis)agreement regarding if businesses would benefit
from customers being able to sell their harvested venison, one strongly agreed they
would benefit, one agreed, one neither agreed nor disagreed, and one disagreed, citing
the potential for poaching as a problem.

Table 2. Survey responses from businesses in Maui Island, Hawaii, USA, 2013.

Number Contacted Number Responded

Hunting guide 6 4

Restaurant/catering industry 19 9

Grocery store/deli 39 1

Meat supplier 5 2

Zoo/animal sanctuary 2 1

Pet food company 11 2

Jewelry industry 50 3

Leather smith/tanner 1 0

Total 133 22
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Nine respondents categorized themselves as some combination of a restaurant, café,
catering business, and/or personal chef. All of these respondents answered that they
cater to customers preferring local and organic products and none of these respondents
currently offer venison products or dishes. All but one respondent indicated they would
be interested in offering axis deer venison products or dishes, where the exception was a
vegan restaurant. Of those interested in offering axis deer venison, five indicated this was
due to the added benefit of helping to control deer populations and three indicated this
was unrelated to the overpopulation problem.

One grocery store responded to the survey, indicating they cater to customers who
prefer to buy local and organic products. Although the store did not sell venison at present,
the respondent answered they would be interested in selling ground axis deer venison in
the future, particularly due to the added benefit of helping to control deer populations.
Two businesses described themselves as meat suppliers, where only one indicated they
cater to customers preferring local and organic products. One supplier noted they would be
interested in buying axis deer venison because they carried farmed New Zealand venison,
although it was not a top-selling item. This respondent was interested in axis deer venison
because “a local, wild product would have a lot more customer interest”. The other
meat supplier indicated they were not interested in supplying axis deer venison due to a
perceived lack of demand.

Two pet food companies responded, both indicating they cater to pet owners looking
for organic and local pet food. They both noted an interest in buying axis deer meat or
parts for their food/treats. One respondent was interested in buying axis deer meat, meaty
bones, bones stripped of meat, antlers, hooves, livers, and hearts, whereas the other stated
they would have to explore which deer parts were marketable but was not interested in
including axis deer bones stripped of meat or antlers in their product line. Similarly, the
one respondent from a zoo/animal sanctuary indicated they currently purchase beef and
chicken for their five carnivorous bird species, but would only potentially be interested
in purchasing axis deer meat for their tiger “if the price were substantially cheaper than
beef or chicken and if the meat was inspected”. The respondent indicated the zoo was not
interested in buying carcasses, meaty bones, bones, antlers, hooves, or other axis deer parts.

Two jewelry makers responded to the survey, both of whom stated their customers are
predominantly from US states other than Hawaii. One indicated that, although they do not
often use beads in their jewelry, they would be interested in using axis deer antler beads
because cattle bone beads carved in traditional Polynesian designs tend to be very popular.
This respondent was also interested in selling packages of pre-made axis deer antler beads.
The other jewelry maker respondent was not interested in making jewelry from axis deer
antler beads nor selling packages of beads due to a perceived lack of demand. One bead
seller/manufacturer responded indicated they would be interested in selling packages of
pre-made axis deer antler beads but did not have the equipment to create beads if given
axis deer antlers.

4. Discussion

Our findings provide two key takeaways regarding the potential to use large-scale
commercial axis deer harvesting as a population management strategy. First, we provide
evidence that there is public support for commercial harvesting to be employed as one of
the many tools available to manage axis deer populations. Our results mimicked patterns
found in public perceptions of white-tailed deer population control studies, where recre-
ational hunting is the most preferred management alternative, but additional alternatives
(e.g., sharpshooting) are often supported when recreational hunting alone cannot achieve
population goals [17,18]. In fact, our study found that commercial harvesting was more
supported than hired sharpshooting in this context. Second, we documented support on
both the supply-side and demand-side for axis deer-derived products that may be available
if large-scale commercialized harvesting were implemented. As VerCauteren et al. [6] note,
commercial harvests are only feasible if there is a demand for markets to exist for deer
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products. Notably, recent research has linked novice hunter interest in obtaining local food
and game meat to the growing “locavore” movement [19], and our study offers an initial
indication that Maui consumers may share this interest in local organic meat and products.
Due to the exploratory nature and age of this research and associated methodology, we
recognize that these results are not necessarily representative of the populations discussed,
although axis deer populations have continued to increase in the time between the survey
was conducted and present. The small sample size and response biases, particularly from
the convenience sample, may limit the generalizability of our survey findings [15], but
we contend that the data collected achieves the purpose of this study in serving as an
exploration of previously unstudied local stakeholder preferences and attitudes.

More generally, this study contributes to the limited literature regarding commercial
harvest as a wildlife population control strategy, particularly in a United States setting.
Although the NAMWC expressly prohibits commercial markets for game as a direct reaction
to the unsustainable harvest and decimation of wildlife populations due to market hunting,
there have been arguments that the NAMWC paradigm must be amended to account for
new realities [6,20]. Furthermore, there is also a recognition that the NAMWC has always
allowed for exceptions, including exceptions of the elimination of commercial markets for
wildlife, as fur markets, commercial fisheries, and captive cervid breeding all exist today
within the NAMWC [20].

We argue that developing the necessary policies and programs to feasibly implement
a large-scale commercial harvest of axis deer in Maui would be an ideal case to pilot
commercial harvesting for cervid population control in the United States as the jurisdiction
is geographically contained and public support for population control is likely greater for
such an invasive, nonnative species, as compared to native species. Currently, food safety
regulations and associated logistics are the greatest hurdles to a large-scale commercial
harvest. The few, small-scale commercial harvest operations in Maui must report straight
to the USDA as Hawaii does not have a meat inspection service [11]. Thus, for each
harvest, a USDA inspector must accompany the harvester and examine each deer prior to
harvest. Successful harvesting can only involve a single shot to the skull, rendering the
deer immediately unconscious [11]. Furthermore, the lack of state resources available to
inspect and approve game meat processors means that the harvester must bear the burden
of providing processing as well [11].

Hawaii must allow for creative solutions to these regulatory issues while still ensuring
food safety. As VerCauteren et al. [6] suggest, proof of proficiency and training in harvest
techniques and proper handling of meat in the field could be provided by all who aim to
participate in commercial harvesting as a way to avoid the cost of hiring a USDA inspector
each harvest. A plan of work with a private meat-processing facility with proper food safety
oversight would also be necessary [6], or Hawaii could modify the strategy employed by
other states that have successfully developed public–private partnerships between deer
processors and recreational hunters seeking to donate their venison [11]. Alternatively,
a small fleet of mobile game abattoirs could be funded by the state and made available
for rent. These mobile game meat abattoirs are gaining popularity in South Africa as an
effective way to safely process game meat in the field during excess game culling operations
on private wildlife ranches [21]. By allowing for innovative approaches to comply with
food safety regulations, Hawaii can simultaneously and more effectively control invasive
species that cause negative human–wildlife interactions and ecological damage and provide
residents with a sustainable supply of locally sourced protein and other organic products.
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