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Preferences for prioritizing species conservation

Case Study Details

Barred versus spotted owls. Northern spotted owls (Strix occidentalis) are a federally
endangered species threatened by loss of old growth forest throughout the Pacific
Northwest of the U.S. (Wiens, 2012). In more recent years, barred owls (S. varia), a
congeneric species ranging across North America, have expanded into spotted owl
range and begun displacing spotted owls (Dugger, Anthony, & Andrews, 2011; Kelly,
Forsman, & Anthony, 2003). Protection of old growth forest is a critical factor for spotted
owl conservation, but scientists and managers have argued that barred owls should
also be lethally removed to ensure survival of spotted owls (USFWS, 2008; Kelly et al.,
2003). Experimental control programs have been carried out by the U.S. Fish and
Wildlife Service (USFWS) to measure the extent to which broader lethal control of
barred owls could increase spotted owl survival (USFWS, 2008). These efforts have
been met with mixed public reaction, which the USFWS has tried to proactively
manage, even hiring an ethicist to review the decision-making process (Shogren, 2014).
Some groups support lethal control to protect a rare species over a more common one
and argue that nonlethal removal is unpractical (Shogren, 2014). Spotted owls may
contribute to local economies by encouraging birding-related tourism (but also famously
conflict with logging interests). Others do not support valuing and prioritizing one owl
species over another; reasons may include the intrinsic value of barred owls or a
worldview that humans should avoid intervening in nature (Lute & Gore, 2014; Vucetich
et al., 2015).

Brown-headed cowbirds versus Kirtland’s warblers. Brown-headed cowbirds (Molothrus
ater), once restricted to prairies due to their association with bison, have benefited from
agricultural expansion as livestock replaced bison and are now found throughout North
America (Decapita, 2000). Contrastingly, endangered Kirtland’s warblers (Setophaga
kirtlandii) have not fared as well in human-dominated landscapes as their fire-
dependent habitat has disappeared with human suppression of wildfires (Probst, 1985).
They can now only be found in several counties in the northern lower peninsula of
Michigan, USA. Because cowbirds are nest parasites, they may also contribute to
Kirtland’s warbler precarious situation (Decapita, 2000). To protect warblers, cowbirds
have been lethally removed in warbler habitat since 1972; since inception of lethal
control, nest parasitism markedly declined but the warbler population remained stable
(Decapita, 2000). This has led some scientists to conclude cowbird removal is not
justified, unpractical to continue in perpetuity and distracts resources from more
effective conservation efforts (i.e., habitat restoration; Rothstein, 2004). Another
consideration is the likelihood that Kirtland’s warblers will forever remain dependent on
active protection from people and whether such efforts are feasible (Scott, Goble,
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Haines, Wiens, & Neel, 2010). Still others argue it is important to protect endangered
and aesthetically pleasing species such Kirtland’s warbler; their popularity among
birders is such that until recently Mio, Michigan held annual warbler festival in
celebration of the bird.

Caribou versus gray wolves. Boreal woodland caribou (Rangifer tarandus) are declining
across their ranges in Canada. Factors attributed to the decline include cascading
ecosystem changes stemming from development; habitat alteration and fragmentation
from roads, pipelines and logging has occurred to the detriment of caribou but is a boon
for moose and deer, which in turned benefited gray wolf and black bear populations
(Canis lupus; Faille et al., 2010; Marris, 2015). Wolves and bears also predate on
caribou and thus add to the factors contributing to caribou endangerment. In one study,
annual wolf culls totaling 980 wolves since 2005 were found to stabilize but not increase
a caribou herd numbering about 100 individuals (Hervieux, Hebblewhite, Stepnisky,
Bacon, & Boutin, 2014). Because habitat restoration and protection would take decades
before caribou could benefit, wolf culling is ongoing in British Columbia and Alberta as a
stop-gap measure. These lethal control measures have been highly controversial;
environmental groups and tribes have spoken out against the culls as unethical,
especially in the face of continued logging and drilling permits (Marris, 2015). Others
argue that alternative methods, such as maternity pens to safeguard female caribou and
their newborn calves, are less effective and ceasing development unlikely.

Coqui frogs versus happy-face spiders. Coqui frogs (Eleutherodactylus coqui) have
become established on the island of Hawaii (and are largely controlled on Oahu and
Kauai) while they have declined in their native Puerto Rico (Choi & Beard, 2012).
Concerns over this invasion center on the potential threat to endemic invertebrate
species; research suggests coqui frog predation may decrease certain classes of
insects (i.e., ticks and mites) and increase others (i.e., flies; Choi & Beard, 2012). They
may also alter nutrient cycling that confer advantages for non-native plants (Sin, Beard,
& Pitt, 2008). Eradication is considered a losing battle in part because frogs are often
found in high densities in residential areas, making control efforts difficult (Kalnicky,
Brunson, & Beard, 2014). In fact, one study reported a positive relationship between
frog density and property owners tolerance of coqui frogs (Kalnicky et al., 2014). But not
all residents are fond of the frog and have formed groups to organize lethal control
efforts, citing concerns that frogs might threaten charismatic and endemic species, such
as the happy-face spider (Theridion grallator, e.g., http://coquifreewaimea.org/).

Salmon versus California sea lions. California sea lions (Zalophus californianus) were
once harvested by people and have now rebounded as a result of protection under the
Marine Mammal Protection Act. Sea lions can damage fishing gear and compete with
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fisherfolk along the west coast of North America for salmonids (Oncorhunchus spp.)
either by direct removal of fish from hooks or predation that decrease stocks (Weise &
Harvey, 2005). Research has found that relatively few individual sea lions contribute to
most fish removed from hooks and recommend nonlethal deterrents because lethal
control would need to target the offending individuals to be effective (Weise & Harvey,
2005). Pacific salmon species have been declining in recent years, which are
predominately attributed to overharvesting and change and degradation in both ocean
and upstream habitats (Bradford & Irvine, 2000; Miller et al., 2014). The extent to which
sea lion predation contributes to salmon declines is not entirely clear, but evidence
suggests that sea lions may have local impacts, especially where salmon congregate in
front of dams (Naughton et al., 2011). The National Oceanic and Atmospheric
Administration has carried out various nonlethal and lethal control programs in the
Columbia River. Controversy over lethal control programs as well as interactions
between fisherfolk and sea lions highlight the value tradeoffs between animal welfare,
endangered species protection, economies and livelihoods (Weise & Harvey, 2005).

Pretesting

Pre-testing consisted of recruiting volunteers matching the target population (i.e., 218
years old, no formal training in environmental science) to take the survey. We asked
them to explain their understanding for each question and if they needed any
clarifications. Based on feedback, we revised the survey instrument before pre-testing
again, to ensure vignettes and phrasing were believable, clear, and covered appropriate
information for lay audiences. Pre-testing continued until no further changes were
needed (N = 15).

Statistical Analyses

As stated in the main document, we used the user generated command —gologit2—
(Williams, 2006) in Stata 13.1 to conduct generalized ordered logistic regression
(Statacorp, TX). Constrained (i.e., forced variables to meet parallel lines assumptions)
and unconstrained models were run and compared with a global test. Final models used
the autofit option to estimate partial proportional odds that best fit the data (i.e.,
constrained the variables that met parallel lines assumptions). If interested in seeing all
constrained and unconstrained model results or Stata code to explore the data, please
contact the first author.

Case Study Responses and Considerations

Generally participants showed low support for lethal control and high support for habitat
protection with the frog-spider case study as a notable exception (Sl Tables 1 and 2).
Participants also rated ecosystems and moral principles as the most important
considerations in determining their chosen response to each case study.
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Sl Table 1. Descriptive statistics of case study responses and species
characteristics (alpha refers to Cronbach’s alpha, further denoted as alpha).

M SD Alpha
Case Study Responses (0-1)
Lethal Control 0.04 0.10 0.37
Owils 0.01 0.11
Sea Lion-Salmon 0.01 0.1
Wolf-Caribou 0.03 0.17
Cowbird-Warbler 0.04 0.19
Frog-Spider 0.10 0.30
Habitat Protection 0.63 0.34 0.79
Owils 0.68 0.47
Sea Lion-Salmon 0.74 0.44
Wolf-Caribou 0.74 0.44
Cowbird-Warbler 0.65 0.48
Frog-Spider 0.36 0.48
Both Lethal Control and Habitat Protection 0.08 0.17 0.60
Owils 0.07 0.25
Sea Lion-Salmon 0.05 0.21
Wolf-Caribou 0.09 0.28
Cowbird-Warbler 0.09 0.28
Frog-Spider 0.14 0.35
No Action 0.24 0.31 0.80
Owils 0.24 0.43
Sea Lion-Salmon 0.20 0.40
Wolf-Caribou 0.14 0.35
Cowbird-Warbler 0.23 0.42
Frog-Spider 0.40 0.49
Species Characteristics (1-5)
Important to Ecosystem 4.01 0.64 0.90
Attractive 3.67 0.59 0.80
Endangered 2.9 060 0.76
Familiar 2.79 0.69 0.84
Important to Economy 2.77 0.73 0.90
Nuisance 2.39 0.58 0.79
Dangerous 2.31 0.58 0.82
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Sl Table 2. Descriptive statistics of case study considerations and intrinsic value.

Decision Considerations (1-5)

Ecosystem 4.29 0.67 0.89
Owils 4.26 0.81

Sea Lion-Salmon 4.34 0.76
Wolf-Caribou 4.34 0.75
Cowbird-Warbler 4.27 0.80
Frog-Spider 4.20 0.86

Moral 4.07 0.84 0.95
Owils 4.11 0.92

Sea Lion-Salmon 4.15 0.91
Wolf-Caribou 4.13 0.88
Cowbird-Warbler 4.03 0.93
Frog-Spider 3.91 0.99
Practical 3.81 0.80 0.91
Owils 3.75 0.95

Sea Lion-Salmon 3.80 0.94
Wolf-Caribou 3.76 0.93
Cowbird-Warbler 3.85 0.90
Frog-Spider 3.84 0.92
Cost/Benefit 3.40 1.00 0.94
Owils 3.35 1.15

Sea Lion-Salmon 3.41 1.13
Wolf-Caribou 3.37 1.10
Cowbird-Warbler 3.42 1.11
Frog-Spider 3.42 1.10
Economy 2.99 1.01 0.91
Owils 2.90 1.19

Sea Lion-Salmon 3.17 1.17
Wolf-Caribou 2.94 1.15
Cowbird-Warbler 2.96 1.16
Frog-Spider 2.94 1.16
Intrinsic Value (1-5) 4.24 0.60 0.79
Humans 4.11 0.93

Some Animals 4.41 0.71

All Animals 4.20 0.80

All Life 4.30 0.74
Ecosystems 4.20 0.86
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Response choices (e.g., lethal control) were highly correlated among case studies (Sl

Table 3). The large majority of participants (n=900) did not support lethal control in any

case study; no participant chose lethal control for all cases. Participants were also
consistent in not choosing the option of “both lethal control and habitat protection”
(n=801). Participants were relatively less consistent in choosing habitat protection

(chosen for all cases, n=311; chosen for no cases, n=149) and no action (chosen for all

cases, n=99; chosen for no cases, n=512).

S| Table 3. Correlation of response choices among case studies.

Barred - Sea Cowbird
Spotted Lion - Caribou | - Frog -
Owl Salmon | - Wolf Warbler | Spider

Lethal Control

Barred - Spotted Owl

Sea Lion - Salmon -0.012

Caribou - Wolf 0.08 0.13

Cowbird - Warbler 0.12 0.07** 0.18

Frog - Spider 0.22 0.11 0.09 0.16 \

Habitat Protection

Barred - Spotted Owl

Sea Lion - Salmon 0.49

Caribou - Wolf 0.50 0.47

Cowbird - Warbler 0.51 0.48 0.45

Frog - Spider 0.37 0.32 0.31 0.36 |

Both Lethal Control and

Habitat Protection

Barred - Spotted Owl

Sea Lion - Salmon 0.32

Caribou - Wolf 0.32 0.29

Cowbird - Warbler 0.36 0.33 0.20

Frog - Spider 0.15 0.19 0.13 0.21 |

No Action

Barred - Spotted Owl

Sea Lion - Salmon 0.50

Caribou - Wolf 0.51 0.49

Cowbird - Warbler 0.55 0.52 0.50

Frog - Spider 0.37 0.40 0.30 0.38 |

all p<0.01 except ? = not significant and ** = p<0.05
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Species Characteristics

Participants were consistent in how they rated species characteristics, regardless of
whether the species was the target of protection or lethal control in each case study (Sl
Table 4). Uncertainty about species characteristics (indicating “I don’t know”) correlated
with a number of other factors. Greater uncertainty positively related to choosing no
action (r=0.09; p<0.01), dangerous (r=0.13; p<0.01), nuisance (r=0.10; p<0.01) and
economic species characteristics (r=0.09; p<0.01). Uncertainty negatively related to the
habitat protection policy choice (r=-0.08; p<0.01), attribution of intrinsic value (r=-0.07;
p<0.05), attractive (r=-0.08; p<0.01) and familiar species characteristics (r=-0.17;
p<0.01), considerations of economics (r=-0.08; p<0.05) and ecosystems (r=-0.12;
p<0.01) and respondents with higher incomes (r=-0.07; p<0.05).

Sl Table 4. Descriptive statistics of species characteristics.

don't don't
know know
M SD % Alpha* M SD % Alpha*

Barred 0.44 Spotted 0.49
Owils Owils
Attractive 404 082 0.3 Attractive 409 083 0.2
Dangerous 2.23 091 7 Dangerous 2.03 0.85 8
Endangered 2.56 1.04 9 Endangered 3.62 097 8
Nuisance 232 094 Nuisance 202 082 7
Familiar 257 112 1 Familiar 268 115 1
Importantto 2.48 1 10 Importantto 2.61 1.04 11
Economy Economy
Importantto 4.02 0.84 7 Importantto 4.16 0.8 7
Ecosystem Ecosystem
Sea Lions 0.49 Salmon 0.53
Attractive 3.73 098 0.3 Attractive 3.14 115 0.6
Dangerous 243 1.03 4 Dangerous 1.56 0.71 1
Endangered 2.58 1 7 Endangered 3.11 1.07 4
Nuisance 234 1 4 Nuisance 1.7 074 2
Familiar 3.59 1.07 0.6 Familiar 391 1.02 0.3
Importantto 2.81 1.01 7 Importantto 4.15 0.79 2
Economy Economy
Importantto 4.22 0.76 4 Importantto 4.36 0.67 3
Ecosystem Ecosystem

* Negative characteristics (i.e., dangerous, nuisance) reversed coded.
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Sl Table 4 continued. Descriptive statistics of species characteristics.
I I
don't don't
know know
M SD % Alpha* M SD % Alpha*
Woodland 0.40 Gray 0.52
Caribou Wolves
Attractive 3.97 0.84 0.6 Attractive 421 079 04
Dangerous 2.13 0.96 4 Dangerous 3.83 09 2
Endangered 3.44 096 5 Endangered 2.78 1.03 8
Nuisance 1.97 0.83 5 Nuisance 276 1.07 4
Familiar 3.21 112 0.6 Familiar 358 11 0.5
Importantto 2.95 1 9 Importantto 2.6 1 9
Economy Economy
Importantto 4.24 0.73 5 Importantto 4.17 0.82 5
Ecosystem Ecosystem
Brown-Headed 0.56 Kirtland's 0.45
Cowbirds Warblers
1
Dangerous 2.24 1.01 4 Dangerous 1.73 0.75 4
Endangered 2.32 1 8 Endangered 3.63 097 7
Nuisance 282 11 7 Nuisance 192 081 ©
Familiar 221 1.06 2 Familiar 223 1.02 1
Importantto 2.35 0.97 9 Importantto 2.89 1.11 8
Economy Economy
Importantto 3.78 0.96 8 Importantto 4.13 0.78 7
Ecosystem Ecosystem
Coqui 0.11 Happy-Face 0.53
Frogs Spiders
Attractive 294 114 0.5 Attractive 264 134 0.5
Dangerous 2.2 094 6 Dangerous  2.67 1.03 17
Endangered 2.02 094 6 Endangered 3 1.01 5
Nuisance 3.36 1.08 3 Nuisance 258 1.08 8
Familiar 206 1.02 2 Familiar 1.92 0.92 1
Importantto 2.2 097 7 Importantto 2.26 1 10
Economy Economy
Importantto 3.3 121 7 Importantto 3.92 096 8
Ecosystem Ecosystem

* Negative characteristics (i.e., dangerous, nuisance) reversed coded.

Socio-demographic differences

Significant differences were consistently found between sexes (S| Tables 5 and 6).

Women significantly indicated higher ratings for the following measures: habitat
protection responses; intrinsic value of all entities; attractive, endangered, important to
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the economy and ecosystem species characteristics; conservation of individuals and
species; conservation everywhere; conserving at the global level; and considering moral
principles, economies and ecosystems in conservation policy. Men significantly
indicated higher ratings for the following measures: lethal control for cowbird-warbler
and frog-spider case studies and no action responses; dangerous and nuisance species
characteristics; conservation in protected areas only; people as beneficiaries of
conservation; and practical considerations.

Significant differences were also consistently found across political orientation
(collapsed into liberals versus conservatives for simplicity; S| Tables 5 and 6).
Conservatives indicated higher ratings for the following measures: lethal control
responses for sea lion-salmon, caribou-wolf and frog-spider case studies and no action
responses; conservation in protected areas only; people and both people/nature as
beneficiaries of conservation; and considering economies, practicality and cost-benefits
analyses in conservation policy. Liberals indicated higher ratings for the following
measures: habitat protection responses; intrinsic value of all entities; endangered and
important to the ecosystem species characteristics; conservation everywhere; nature as
beneficiaries of conservation; conservation of populations, species and ecosystems;
conserving at the local, intermediate, and global levels; and considering ecosystems in
conservation policy.

S| Table 5. Sex and political differences in case studies policy choices (only significant
t-tests reported).

Men Women Liberal Conservative
(n=582) (n=455) (n=565) (n=216)
Lethal Control M M t p M M t p
Barred - Spotted Owl | 0.02 0.01 0.01 0.02
Sea Lion - Salmon 0.02 0.01 0.00 002 -215 *
Caribou - Wolf 0.03 0.02 0.02 0.07 -3.70 **
Cowbird - Warbler 0.05 0.02 -2.79 ** 0.04 0.06
Frog - Spider 0.13 0.07 -3.01 * 0.08 017 -3.58 **
Habitat Protection 0.59 0.69 485 ** 0.70 0.51 7.37 **
Both 0.09 0.08 0.09 0.07
No Action 0.27 0.20 -3.62 ** 0.18 0.36 -7.36 **

* = p<0.05
**= p<0.01
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Sl Table 6. Sex and political differences in case study considerations, species
considerations and general conservation beliefs (only significant t-tests reported).

Men Women Liberal Conservative
(n=582) (n=455) (n=565) (n=216)
M M t M M t p
Considerations
Moral 3.99 4.16 3.29 ** 4.11 4.05
Economic 2.92 3.05 211 * 2.84 3.28 556 **
Ecosystem 4.20 4.39 452 ** 4.37 412 444 *
Practical 3.85 3.74 -223 * 3.73 3.98 -3.93 *
Cost/Benefit 3.40 3.39 3.33 3.62 362 **
Characteristics
Attractive 3.60 3.77 46 ** 3.69 3.64
Dangerous 2.36 2.25 -3.11 ** 2.3 2.27
Endangered 2.85 2.97 3.31 * 2.93 276 3.65 *
Nuisance 243 2.35 212 % 2.39 2.38
Familiar 2.78 2.82 2.81 2.77
Important to 2.68 2.88 2.73 2.79
Economy 427 **
'mEpO”a”tto 391 414 569 *  |405 392 258 **
cosystem
Conservation:
Location
Backyard 0.01 0.009 0.01 0.01
Protected Areas | 0.20 0.13 -2.95 ** 0.13 0.28 -5.01 *
Everywhere 0.79 0.86 3.08 ** 0.86 0.71 4.78 **
Beneficiaries
People 0.06 0.03 -2.32 * 0.02 0.12 570 **
Nature 0.34 0.39 0.45 0.24 540 **
Both 0.59 0.58 0.53 064 277 *
Level
Local 0.72 0.73 0.77 0.69 220 *
Intermediate 0.74 0.71 0.78 0.66 3.32 **
Global 0.78 0.84 2.66 ** 0.86 0.65 6.77 **
Entities
Individuals 0.53 0.63 3.15 ** 0.57 0.55
Populations 0.79 0.81 0.83 0.74 3.04 **
Species 0.87 0.91 225 * 0.91 0.83 3.14 **
Ecosystems 0.93 0.94 0.96 0.86 543 **
Intrinsic Value 417 4.34 453 ** 4.28 412 3.40 **
* = p<0.05

**= p<0.01
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