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Abstract

Evidence points to past bee-mediated crop pollination deficits in Chanthaburi province,
Eastern Thailand. Conversely, no such evidence has yet been reported for Chiang Mai prov-
ince (Northern Thailand), suggesting that wild pollination is delivered there above the
requirements of local orchards. Discrete choice experiments (DCE) were conducted to elicit
the preferences of pollinator-dependent orchard farmers with regard to three pollinator con-
servation measures and their possible effects on of native bee populations in each region.
We fitted random parameter logit (RPL) models on the resulting data to capture preference
heterogeneity and to obtain willingness to pay (WTP) point estimates. To test our results’
robustness, we also inspected for scale heterogeneity by fitting generalized mixed logit
(GMXL) models on the pooled and individual datasets. This yielded WTP space estimates
(i.e., directly from WTP distributions) and made possible the comparison of farmers’ prefer-
ences for a native bee conservation policy in both regions. The results hint at significant
WTP differences for some of the conservation policy attributes between both provinces. Fur-
thermore, unobserved contributions to choice seem to have been more random in Chiang
Mai. Our analyses also suggest that farmers who engage in bee-related activities are WTP
more for a conservation policy that includes bee husbandry.

1. Introduction

1.1. Context: Current status of beekeeping and pollination services in
Thailand

With the exception of the European honeybee, all other eight honeybee species are native to
Southeast Asia [1]. This region is also characterized by its stingless bee (Apidae, Meliponinae)
diversity, with 32 species of the genus Trigona identified in Thailand to date [2, 3]. Beekeeping
in Thailand traditionally consists of attracting wild swarms of the Eastern honeybee (Apis cer-
ana F.) to bait-hives (typically an unsophisticated wooden box or hollowed-out trunk), where
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the colony will reside until a disturbance (e.g., honey harvest) causes them to abscond [4]. It is
also a custom in rural Thailand to keep stingless bees (a practice known as meliponiculture),
which has gained economic relevance in the past few decades. Farmers collect colonies from
several stingless bee species in the forests and place them in artificial hives (of varying degrees
of sophistication) on their farms for their pollination services and to harvest their honey [5, 6].

Native bee husbandry has gained popularity in the Eastern Thai provinces of Chanthaburi
and Trat, where-some of the most widely cultivated fruit crops are rambutan (Nephelium lap-
paceum), mangosteen (Garcinia mangostana), durian (Durio zibethinus) and longan (Dimo-
carpus longan)-orchardists started managing stingless bees to compensate for past pollination
deficits [6-8]. Moreover, in our 2013 survey in Chanthaburi, some respondents informed us
that prior to finding this solution to the pollination deficit, some orchard farmers of the region
had experimented with renting A. mellifera colonies from beekeepers. They preferred keeping
stingless bees over honeybees due to their relatively simple maintenance and shorter flight
range, which can protect them from possible contact with pesticides from neighboring farms
[8]. Compared to the wide foraging range of honeybees (A. mellifera), typically reaching dis-
tances of 5 km [9], stingless bees have a considerably smaller flight radius: e.g. ~600 m for the
subgenus Trigona [10]. The anecdotes described above corroborate a similar report by Boon-
gird [7] and raise the suspicion that a local pollination crisis might have taken place in this
region in the past.

Habitat loss and fragmentation (through, e.g., deforestation), pesticide overuse and patho-
gens are among the main drivers of pollinator declines worldwide [11-13]. The occurrence of
localized pollinator crises in Thailand is thus not unlikely, given the country’s sustained defor-
estation rates [14] and the four-fold increase in pesticide imports for agricultural applications
over the past decade [15-17]. The official promotion of capital-intensive commercial crops
within the framework of a national development strategy was one of the main drivers of defor-
estation in Thailand in the past [18, 19]. More recently, the continuing increase in the price of
rubber (Hevea brasiliensis) has led to the conversion of forests in the east, northeast and north
of the country, as the rubber plantation area has become limited in Southern Thailand [20,
21]. Furthermore, the overuse of pesticides in Thailand may be a result of the preventive
(rather than curative) pesticide application strategy that cash-crop farmers have adopted [22,
23].

Currently, the Northern Thai lowlands are extensively cultivated with longan (Dimocarpus
longan), a Sapindaceae fruit tree that relies heavily on bee-mediated pollination, particularly
from A. cerana and stingless bees [24-26]. Northern Thailand is the leading exporter of longan
worldwide (US$274.3 million in fresh fruit in 2013), with approximately 138,500 ha and
206,000 households (47,300 ha and 69,330 households in Chiang Mai province) devoted to
producing this fruit in 2013 [27], thus rendering this region’s economy highly dependent on
this crop [28-30]. The extensive cultivation of longan in Northern Thailand has also attracted
large-scale beekeeping operations, which (February-March) move their ~120,000 A. mellifera
hives to farms around the Chiang Mai-Lamphun valley each season in search of longan nectar
foraging sources. They produce ~4,200 metric tons of longan honey per annum, which is
highly valued in the Asian markets, where it can be sold at a premium price [31-33].

Thailand is also one of the world’s leading producers of rambutan and durian, the former
of which is a close relative of longan that also depends on bee pollination, i.e., predominantly
from stingless bees and A. cerana [6, 34, 35]. Rambutans are mostly consumed domestically
(i.e., ~91% of the country’s total production) and partly exported fresh and canned (~US$20.2
million in 2013). The cultivation of this fruit tree employed 116,200 households and 47,900 ha
of land in 2013 and is mainly established in Eastern Thailand, with ~45% of the country’s pro-
duction concentrated in Chanthaburi province [27, 30, 36]. In Chanthaburi, rambutans are
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commonly intercropped with mangosteens (Garcinia mangostana), which are often heavily
sprayed with insecticides to comply with the high aesthetic standards (that, e.g., reject fruit
presenting any signs of insect damage on its surface) imposed on fruits destined to export mar-
kets [37, 38].

Although the accuracy of this information is disputed, honeybees (Apis) and stingless bees
have also been credited with the pollination of durians, a belief that is commonly shared
among durian farmers in Chanthaburi [7]. In truth, durians owe this service exclusively to
nocturnal pollinators [39]. For this reason, a decline in the population of bees would have no
consequence on durian yields. Nevertheless, we mention durian in this context as in our study
we focus on farmers’ perceptions regarding the pollination of their crops.

1.2. A policy to conserve native bees in Thailand

Considering the economic importance of the pollination services provided by native bees to
Thailand’s orchards, it would make sense to implement a policy to conserve them and their
habitats. This is especially relevant for regions such as Northern and Eastern Thailand, where
the agricultural output is vulnerable to future pollination shortages.

The International Pollinator Initiative’s Plan of Action (IPI-POA) provides guidelines to
enhance wild pollinator conservation and habitat restoration. Its adaptive management pillar
recommends, among others, the following conservation strategies: i) offering farmers bee-
friendly alternatives to conventional pesticides (e.g., biological control and integrated pest
management); ii) encouraging the protection and improvement of natural bee habitats within
agro-forest ecosystems; and iii) fostering the husbandry of native bee species [40]. We con-
ducted expert interviews and focus group discussions with farmers where we identified these
measures as potentially having the greatest impact and implementation chances in Thailand’s
current agricultural and political context.

In a recent study, Narjes and Lippert [41] conducted a discrete choice experiment (DCE)
with longan farmers in Chiang Mai province. Their per capita WTP for the combined imple-
mentation of the native bee conservation measures mentioned above and for avoiding a poten-
tial 50% native bee population decline were estimated at €18.1 and €40.5, respectively. These
estimates strongly contrast with the comparatively high economic losses from a potential polli-
nation deficit in longan orchards, as approximated using the pollination-dependence ratios
given by Blanche et al. [25] and Pham [26]. On the other hand, the estimated farmers’ aggre-
gated WTP exceeds the relatively low investment that implementing such conservation policy
would actually cost. The DCE approach thus informs policy makers about the relative support
that each conservation strategy demands given the preferences of pollination-dependent crop
farmers, who are ultimately the most directly concerned stakeholders.

Besides assessing farmers’ preferences for measures to conserve local native bee popula-
tions, we attempt at eliciting the existence value of native bees and the option value of preserv-
ing the pollination services they provide (among other value components), both of which are
neglected by market prices. Indeed, this study does not attempt at estimating the market value
of crop pollination by bees, nor does it offer a detailed examination of markets for pollination
services. After all, the arguments for the preservation of bee diversity should reach beyond the
crop pollination services that a set of dominant bee species may provide [42].

1.3. Recent criticism to the random parameter logit (RPL) model

Narjes and Lippert [41] fitted a random parameter logit (RPL) model that also allowed deter-
mining significant dispersions around the mean preferences, which they further explained
with idiosyncratic factors such as the respondents’ gender and attitude towards native bees.
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However, the RPL model has recently come under criticism for neglecting the fact that
choice behavior may be more random for some respondents than for others (i.e., respondent-
specific heteroscedastic errors). In other words, the heterogeneity in the preference for a single
conservation policy attribute may actually (or partly) result from a scale effect, i.e., all attribute
weights are scaled up or down proportionately across individuals [43, 44]. Ignoring such a
source of variation (i.e., confounding heteroscedasticity with preference heterogeneity) may
result in biased estimates and thus lead to erroneous interpretation and policy conclusions
[45]. The RPL model indeed accommodates heterogeneous scaling when all parameters are
specified to be random and their corresponding errors are allowed to correlate [46]. Neverthe-
less, a common practice to obtain WTP estimates in the RPL context is to estimate a non-ran-
dom cost coefficient (cf. Eq 3 below). With the strong assumption of a homogeneous cost
parameter, the researcher is implicitly assuming homogeneous scaling over the population;
this would lead to biased estimates (i.e., from confounding scale and preference heterogeneity)
in the likely case that either the true scale or cost parameters were indeed random [46].

Fiebig et al. [44] propose tackling this issue with the generalized mixed logit (GMXL)
model, which explicitly specifies a scale parameter and thereby can disentangle the sources of
preference heterogeneity into randomness in the attribute coefficients and randomness in the
overall scale of utility.

1.4. The Generalized Mixed Logit (GMXL) model

To comprehend the scale parameter, one has to first formulate an individual farmer’s behav-

ioral choice rule from the researcher’s perspective. The researcher only controls Vi,
sentative” portion of the indirect utility U} that a farmer i derives from a conservation policy

the “repre-

alternative j (Ui’]‘. ,j=1,...,]), while the unobserved random “residual” term €; remains exclu-
sively known to the farmer [47, 48]. Assuming that Vj; is linear additive in the conservation
policy attributes X; and their corresponding taste-weights 3 (henceforth referred to as part-
worths), as given by U;; = V(X)) + €}, = p/X; + €, a utility maximizing farmer would choose
the alternative h with superior utility from a given set of ] conservation policy alternatives.
Modeling this choice decision requires knowing the density of the unobserved residuals f (&),
which for the standard logit model are assumed to be distributed independently and identically
(IID), following an extreme value type 1 (EV1) distribution that exhibits var(e}) = o*(n*/6).
Thereby, the parameter o becomes a scale parameter of the underlying standard EV1 distribu-
tion and is therefore often referred to as the scale of utility in the choice analysis literature.
Normalizing the residual variance to that of a known theoretical distribution requires a stan-
dardization of the utility expression, i.e., moving the unknown scale factor to divide the repre-
sentative utility V;;. The standardized utility

Uy=V,/o+e;=(f/o)X; +e; (1)

therefore results from U; = U} /o and has var(e} /o) = var(e;) = n*/6. From this transfor-

mation, the likelihood of the choice outcome described above can be expressed as the standard
logit choice probability:

J
Py = ep(Vi/0)] D explV/o). @

The variance of the unobserved residuals is definitionally linked to the implicit scale of util-
ity. In fact, the standard logit model is usually modeled in its scaled form, resulting in part-
worth estimates 8* = §/o that are not separately identifiable from scale [49]. Nonetheless, given
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the general IID assumption (i.e., 0 is constant in the population) one can implicitly cancel out
scale by dividing the part-worths of any two attributes k = 1,. . ., K. Such coefficient ratios are
calculated to, e.g., obtain marginal WTP estimates, as

7[31(/0-:7&

WTP, = 8. 5.’

(3)

where . weights the attribute related to the costs of implementing the conservation policy.

The unobserved utility variance can be accounted for by explicitly parameterizing the stan-
dardization step described above as the factor A = 1/0 that scales the vector of part-worths, i.e.,
Ujj = AVj; + &;;. Thereby, it also becomes apparent that, for standard logit, the scale parameter 1
equals unity [44, 49, 50]. Intuitively, 4 is the weight that the respondents (equally) place on the
utility they derive from Vi, relative to the residual utility they derive from unobserved factors
that contributed to their choice. In other words, the larger the parameter A, the smaller must
be var(e}).

In reality, the residual variance may differ for different decision makers, i.e.,
var(e;) = 0,*(n*/6), resulting in a heteroskedastic scale that is strictly inversely proportional
to the standard deviation of the residuals £}. The GMXL specification handles the complexity
that arises when simultaneously contemplating heterogeneity in scale and in the part-worths
[44]. It maintains the IID assumption for the residual term &, yet assigns part of the unob-
served heterogeneity to the scale and part to the part-worths (respectively subscripted to each
individual as A; and 3,), as follows:

B =4+ Az + [y + 2,1 —)n,y €[0,1]. (4)

Here z; are observed individual-specific characteristics (indicating, e.g., whether the respon-
dent believes she has experienced native bee pollination deficits) that induce heterogeneity in
the part-worth mean, and 7; embodies i-specific (unobserved) deviations from the mean
(thus capturing part-worth heterogeneity). In this study, 7; were allowed to induce correlation
in the random coefficients ;. Some f; may only present unobserved heterogeneity (i.e., homo-
geneous parameter means), in which cases the vector A is set to zero. The vector 7; can take
any distributional form, but in this study it is assumed to be multivariate normal. The extent to
which the standard deviation of 77; depends on the scaling of § is controlled by the parameter .
As such, setting y = 1 results in GMXL I [§; = A,(8 + Az;) + n,], a special case of GMXL that
assumes that (8 + Az;) is independently scaled from the standard deviation of 77;, whereas y = 0
[GMXLIL: B; = A{f + Az; + n;)] imposes proportional scaling for both the part-worth means
and their variances [44].

Scale heterogeneity, on the other hand, may be expressed as a function of measurable indi-
vidual-specific variables g; (indicating, e.g., whether the respondent keeps bees on his farm or
not) as follows:

2, =exp(d+ &g, + te,,), &, N(0,1), (5)

where /4 and 7 respectively denote a mean parameter and standard deviation of A; and &; rep-
resents standard normally distributed unobserved heterogeneity. While the exponential form
restricts 4; to being positive, its expected value must be normalized to 1 to identify § as the
mean vector of utility weights: given that E[/,] = exp(4 + 12/2), we set A = —12/2. This
results in scale heterogeneity 4, that is ~ LN(1, 7%). We thus estimate the parameters that
describe the variance of scale and not A; itself [44].
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The GMXL choice probabilities are conditioned on the unobserved 7; and &;. The analyti-
cal estimation of such a model would imply solving Eq 2 in a multiple integral that does not
have a closed form and therefore must be approximated through computational simulation.
Indicating with y;;; = 1 policy j chosen by farmer i in choice situation ¢, and with y;;, = 0 the
alternatives not chosen, the simulated probability P, of observing farmer i making a sequence

of choices { y,ﬁ}ITZ1 is obtained as follows:

p=xy o TLTLeevesy.emy- 0

Here, the term P(j V(th) , €0, ") results from inserting (4) and (5) into the logit formula (2)
and is solved for R random draws {&], "} that are sampled from the distributions underlying
7n; and &y;. This simulation is made iteratively for different population moments of the assumed
distributions (i.e., mean and variance-covariance of 3, collectively denoted as 0) and inserted
into the log-likelihood function for all n farmers. The model estimation consists of finding the
parameters 0 that maximize the simulated log-likelihood function [44, 49].

The GMXL II case offers a framework that handles the challenges resulting from estimating
WTP as the ratio of two random part-worths (e.g., the moments of the WTP ratio distribution
are undefined). We may first rewrite utility as separable in the monetary attribute costs; and
the non-monetary attributes X" : U; = — 4, costs; + iiﬁ;ka””’ + &;, where X" contains all
elements of X; except x;, the cost attribute, and k = 2,. . ., K. Assuming that the cost’s preference
heterogeneity is entirely captured by the scale parameter 4; (i.e., by setting ;. to one and its
corresponding row in 7; to zero), utility can be re-formulated into the following equivalent
specification (referred to in the literature as WTP space):

U; = _/li[COStsj + (1/ﬁic)ﬁ;k‘xjnm] te; = _;“i[COStSj + gbjk)cjnm] + & (7)

)

The random marginal WTP estimates ¢;; are directly estimated and independent of scale,
while the scaled monetary part-worth 1, = exp( + d/g, + t&,,) is estimated by relaxing the
—7%/2 restriction on A [44, 51-53].

1.5. Hypotheses underlying this study

In this study, we contemplate heterogeneity in farmers’ choice behavior regarding alternative
interventions to conserve native bees, which should be reflected in part-worth and scale stan-
dard deviations that are significantly different from zero. We thus postulate:

H1I.1: There is significant part-worth heterogeneity, i.e., var(n;) # 0 (cf. Eq 4) and
H1.2: There is significant heterogeneity in scale, i.e., 7 # 0 (cf. Eq 5).

We further hypothesize that such heterogeneity is partly explained by selected idiosyncratic
variables that enter the part-worth and scale specifications as the vectors z; and g;, and there-
fore we also postulate H2: A # 0 and H3: 6 # 0 as follows:

H2.1: Farmers who are beekeepers have higher preferences for the conservation of native bees.

H2.2: Whether founded in evidence or not, the notion of a possible pollination deficit attrib-
uted by concerned farmers to native bee population declines may also have a positive effect
on farmers’ value perceptions.

H?2.3: There are regional differences (i.e., between the two sampled provinces) in the prefer-
ences of farmers for the proposed conservation measures.
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H3.1: The presence of scale heterogeneity partly results from a subsample of respondents, who
ascribe past pollination deficits to native bee population declines, applying a higher weight
on the explained utility V;; than the others. In other words, we hypothesize that the choice
behavior is more consistent among farmers whose memory of past pollination deficits may
have imparted them greater preference consensus.

H3.2: There are differences, between both sampled regions, in the relative importance
that farmers place on the unobserved factors that contributed to their choices (i.e.,
E[//Lt] Chanthaburi 7é E[/lt] Chiang Mui) .

Similarly, scale heterogeneity may be also attributed to:
H3.3: Gender differences and

H3.4: A subsample of farmers who allow someone else’s bee hives on their farms and/or are
beekeepers themselves. Such direct exposure to honeybees in an agro-ecosystem may sensi-
tize farmers about the importance of conserving native bees and their habitats and/or lead
to more informed and thus consistent choices.

Although our analyses address farmers’ perceptions, we would like to stress that the notion
of a past pollination deficit attributed to declines in the population of native bees may be more
justified for farmers in Chanthaburi than in Chiang Mai: there is scientific and anecdotal evi-
dence indicating that an actual crop-pollination crisis took place in the former (cf. Section
1.1), whereas no such evidence has been reported for the latter. Moreover, we hypothesize that

H4: Compared to Chanthaburi farmers, Chiang Mai farmers are more likely to engage in activ-
ities involving bees manly for the direct economic benefits from the hive (e.g., honey),
rather than to supplement their crops’ pollination.

2. Materials and methods
2.1. Ethics statement

The research and corresponding surveys presented herein were conducted under approval and
abiding by the ethical conduct norms of the National Research Council of Thailand. Moreover,
previous to conducting surveys, the community leaders of each of the 16 researched villages
were asked for permission. Each interviewed farmer was additionally asked for their consent
and offered a compensation that had been agreed upon with the respective community leader.

2.2. Experimental design and survey

This study analyses the datasets resulting from two separate discrete choice experiments
(DCEs). The first DCE was conducted with 198 randomly selected individuals from 10 villages
in Chiang Mai province (Northern Thailand) in June 2013 [41]. A conditional logit model fit-
ted on the data of the first DCE delivered the prior parameter estimates that were assumed for
the efficient design [54] underlying the second DCE. The latter was conducted in November
2013 with 127 farmers in Chanthaburi province (Eastern Thailand). We interviewed 90
respondents in four villages of Makham district, while the remaining 37 were questioned in
two villages of Khao Khitchakut province (Fig 1).

In January 2016, the database of the Thai Department of Agricultural Extension [56] regis-
tered 3,369 households in Makham, who together farm ~4,380 ha of rambutan, the largest
extension of land dedicated to this fruit’s cultivation in a single district of Chanthaburi. The
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Fig 1. Research area in Chanthaburi. Source: Own representation using vector data from the DCW (Digital Chart of
the World) and GADM (Global Administrative Areas) databases made available by DIVA-GIS [55].
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same database registered 1,456 farmers in Khao Khitchakut, who in total cultivate ~1,169 ha of
rambutan, rendering this district Chanthaburi’s third largest rambutan producer.

In contrast to the first DCE, a random procedure was not applied to the selection of the
Chanthaburi sample. The villages were mandatorily assigned by the provincial administration,
and all of the village heads insisted on providing their own selection of respondents. A selec-
tion bias may thus affect the representativeness of the results obtained from this dataset.

In twelve different choice occasions, each respondent had to choose one of three alternative
scenarios. Each alternative was described by five attributes, namely the three adaptive manage-
ment techniques we selected from the IPI-POA toolkit, their potential impact on the local pop-
ulation of native bees, and a single advance contribution to cover their combined
implementation costs (cf. Section 1.2).

Two of the alternatives, generically named “Policy A” and “Policy B”, varied throughout the
twelve choice sets by manifesting different attribute levels (Table 1), thus presenting different
hypothetical scenarios of conservation policy implementation. These scenarios were associated
with the full range of native bee population changes (i.e., -50, 0, +50) and were contrasted
with an unvarying hypothetical status quo alternative, which described the absence of any con-
servation strategy (i.e., at zero cost) that would lead to a decline of half of the local native bees.

2.3. Discrete choice experiments

We elicited the preferences of longan (Dimocarpus longan) farmers in Chiang Mai province
(Northern Thailand) and of rambutan (Nephelium lappaceum) farmers in Chanthaburi prov-
ince (Eastern Thailand) regarding alternative policy scenarios aimed at conserving native polli-
nating bees. Two discrete choice experiments (DCEs) were conducted in 2013, the resulting
data of which was fitted with the random parameter logit (RPL) and the generalized mixed
logit (GMXL) models to identify possible sources of heterogeneity in respondents’ willingness
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Table 1. Choice alternative attributes, corresponding design levels and other variable definitions.

Definition

Bee-friendly pest control
Improving native bee habitat
Native bee husbandry

Changes in native bee population (%)

Policy implementation costs (THB)

Levels coding variable name

Bee conservation policy attributes (variables appearing in choice sets)

no ¥, yes dummy PEST
no ¥, yes dummy HAB
no ¥, yes dummy BEEKP
-50, 0, +50 2 dummies NB_DEC (-0%), NB_INC (+50%)

0¥, 250, 500, 750 continuous COSTS

Idiosyncratic variables

Beekeeper (own bees) dummy BEEKEEPER
Keeps bees on her farm (own bees or someone else’s) dummy BEE_FARM
Engages in at least one of the following activities: beekeeping, hunting for wild bee dummy ECON_BEE
honey or charging a fee to allow someone else’s bees to forage on her farm

Rated native bees’ effect on her crop yields as good or excellent dummy POS_BEE
Believes he has experienced a native bee-pollination shortage dummy POLL_DEC
Farmer in Chanthaburi dummy CHB
Male respondent dummy MALE

® Attributes fixed at these levels for the status quo alternative.

®) The cost attribute represents a one-time fee that the farming households would pay to the local authorities for the implementation of the chosen policy alternative.

€1 = 39.3048 Thai baht (THB), as of June 1, 2013.

https://doi.org/10.1371/journal.pone.0251206.t001

to pay (WTP) for three recommended conservation measures (cf. Section 1.2) and for their
potential effect on local native bees. The WTP for such measures are expected to be higher
among those farmers who are beekeepers, considering that a previous, firsthand exposure to
honeybees interacting with an agro-ecosystem could increase the awareness about the impor-
tance of conserving their native equivalents and habitat.

We also inspected for choice behavior differences between the two regions and whether or
not such differences could be traced back to individuals who believe having experienced an
insufficient crop pollination due to native bee population declines, as this has been reported
for Chanthaburi. In this regard, we emphasize that choice analysis addresses the value of per-
ceived, rather than actual, changes in the provision of an environmental good. We also stress
that, in the context of this study’s DCE, both the implementation of a conservation policy and
its effect on the local native bee population are hypothetical. Accordingly, the preferences of
the surveyed farmer population do not have to be consistent with the ecological implications
one would expect from actually implementing a conservation policy, as farmers do not have to
be aware of ecological processes to form their preferences. Furthermore, we inspect the poten-
tial influence of idiosyncratic characteristics on the overall importance that respondents place
on the conservation policy attributes that we propose, relative to the unaccounted factors that
also influenced their choices.

2.4. Model specifications and selection procedure

We used NLOGIT 5/LIMDEP 10 software to examine sources of choice heterogeneity with the
RPL and GMXL models. The GMXL I form is assumed in the analyses of this section to induce
covariance in the vector of mean part-worths while allowing for independent standard devia-
tions, thereby reducing the confounding of scale and part-worth heterogeneities. For a more
detailed discussion of this issue refer to Hess and Rose [57]. We relied on the Bayesian infor-
mation criterion (For N choice observations and K parameters, BIC = -2In L + K1n N, where
L is the maximized value of the likelihood function) to indicate which model offers a better fit
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and is thus preferred. Herewith, a lower BIC from an RPL model would suggest that choice
heterogeneity is better explained by randomness in the part-worths alone. Conversely, prefer-
ring a GMXL could indicate a non-negligible contribution of scale variance to choice heteroge-
neity. The Akaike information criterion (AIC = —2In L + 2K), on the other hand, guided the
choice between variations of models that resulted from explaining heterogeneity in the part-
worth means with idiosyncratic variables; the large number of parameters that is necessary to
capture complex choice behavior with these models (e.g., error correlations) would otherwise
be heavily penalized by BIC [44]. For N > 8, BIC tends to choose models that are more parsi-
monious than those favored by AIC, as it imposes a larger penalty on the added parameters
[58]. Between two candidate models, a ABIC > 2 is considered sufficient evidence to choose
the model with the lower BIC [59]. Given the few additional GMXL parameters, Fiebig et al.
[44] conclude that the BIC is the most reliable criterion to indicate whether scale heterogeneity
is present or not. The above described procedure offers a systematic approach to a hypotheses-
driven model selection, which is necessary in view of the extremely large number of model
specifications one could formulate in order to test the hypotheses postulated in this study.

For our first analysis, we fitted several GMXL model specifications to the Chiang Mai data-
set, in order to determine whether scale heterogeneity is present. Models M2 through M5 cap-
ture scale and part-worth heterogeneity with different idiosyncratic characteristics, under
specifications that minimize BIC and AIC, and are to be compared with the “all-parameters-
random” RPL model estimated by Narjes and Lippert [41]. For reference purposes, we addi-
tionally fitted model M1, a baseline RPL, with the full parameter vector set to be random and
correlated 7;, and without interaction terms in the mean part-worths in order to keep it at the
minimum necessary number of parameters. Model M2 is a GMXL that captures unexplained
scale and part-worths heterogeneity, while Models M3 and M4 partly explain scale heterogene-
ity with either of two dummies that indicate whether the respondents i) believe they experi-
enced a native bee-pollination shortage (POLL_DEC) or ii) keep their own or someone else’s
bees on their farm (BEE_FARM). Model M5 further explains heterogeneity in the part-worth
means of BEEKP and NB_INC; the former with a dummy that indicates whether the farmer is
a beekeeper (BEEKEEPER) and the latter with a dummy (ECON_BEE) indicating whether the
household engages in at least one of three economic activities involving bees, i.e., beekeeping,
hunting for wild bee honey and/or charging other beekeepers a fee to let their colonies forage
longan nectar on their farms. This latter model resulted from a stepwise backward elimination
derived from the “All-parameters-random” model reported by Narjes and Lippert [41].

We also looked for sources of scale and part-worth heterogeneity in the Chanthaburi data-
set and for heteroscedasticity that may result from pooling the Chiang Mai and Chanthaburi
datasets. For the latter analysis, we defined a dummy indicative of Chanthaburi respondents
(CHB) to capture possible scale effects resulting from differences in the underlying experimen-
tal design and/or in the regions.

The analyses described above helped us disentangling the sources of heterogeneity in scale
and random part-worths, thus guiding the WTP space specifications with y fixed at 0 (i.e.,
GMXL 11, according to Eq 7) for the models M12 through M15. We first juxtaposed WTP
point estimates (M11, obtained from assuming a homogeneous COSTS part-worth in M6)
with WTP space estimates (M12, guided by the part-worth and scale treatments of M8) for
Chanthaburi, in order to check for consistency in the signs and orders of magnitude. Similarly,
we estimated two WTP space models for Chiang Mai in order to compare them with the WTP
point estimates model obtained by Narjes and Lippert [41]: the first WTP space model (M13)
was specified analogously to its WTP point estimates counterpart, while the second WTP
space model (M14) was guided by the specification in M5. Finally, we tested for significant dif-
ferences in the WTP of respondents from both regions by fitting a WTP space model (M14)
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on the pooled data, in which CHB explains heterogeneity in the conservation policy part-
worths and in scale (the latter to rule out any possible regional effect on heteroscedasticity).

3. Results
3.1. Descriptive statistics

The descriptive data suggest important differences in the socio-demographics and farming
practices of the Chiang Mai and Chanthaburi samples. Table 2 describes and compares these
farming communities with selected variables, some of which we used to explain heterogeneity
in part-worths and scale.

It becomes evident that agriculture plays a more important economic role among the sur-
veyed households of Chanthaburi than it does in the longan farming population of Chiang
Mai: with a 92% share derived from agriculture, Chanthaburi farmers earn 42% higher net
incomes than the latter. Household incomes of Chiang Mai longan farms, on the other hand,
consist mainly in off-farm earnings, i.e., 70% of net income.

Notably, the function of native bees as crop pollinators (POS_BEE) was more emphatically
acknowledged by the respondents in Chanthaburi, who also present a significantly higher
engagement in beekeeping activities (BEEKEEPER and BEE_FARM) than longan farmers in
Chiang Mai. Moreover, being a Chanthaburi beekeeper is significantly related to POLL_DEC,
the notion of a past crop pollination deficit that the farmer attributes to local native bee
declines [)(2(1) =4.88, p = 0.027; tetrachoric correlation: p = 0.308, SE = 0.132, p<0.05]. Such
association could not be determined for the Chiang Mai sample, where beekeeping is thus
more likely to be practiced only for its direct benefits.

Also worth mentioning is the significant relationship between education and self-assessed
knowledge regarding pollination [¢*(10) = 21.62, p<0.05] in the pooled dataset, where 171
respondents fell into the category of having acquired primary school education and having
rated their pollination knowledge as basic. The independence of these categories could never-
theless not be rejected within the separate datasets, suggesting that their significant association
in the pooled data results from a regional effect that may be explained with, e.g., the higher
education level and higher pollination awareness in Chanthaburi. In fact, several initiatives
supporting the research and development of native beekeeping have been hosted in Chantha-
buri, including the Provincial Agricultural Occupation Promotion and Development Center
(Bee) of the DoAE, the Royal Development Study Center in Kung Krabaen bay (Fig 1) and a
project sponsored by H.R.H. Princess Maha Chakri Sirindhorn in Makham district that
trained local farmers on how to produce wooden stingless bee hive boxes [6, 60-62].

3.2. Identifying sources of preference and overall scale heterogeneity

Table 3 reports the RPL and GMXL models we fitted to the Chiang Mai dataset for our first
analysis, in which we aim at determining sources of heterogeneity in scale and in the random
part-worths.

According to the obtained BICs, models M2, M4 and M5 are superior to M1 and to the
RPL model by Narjes and Lippert [41], i.e., a significant amount of heterogeneity can be attrib-
uted to scale differences. Furthermore, the negative coefficient in POLL_DEC (M4 and M5)
suggests a reduced scale (corresponding to a higher o) among those farmers who stated that
they had experienced a pollination deficit, which can be ascribed to the relatively higher contri-
bution of unobserved factors to the utility they realized from their choices, i.e., a larger vari-
ance in residuals. Moreover, a reduced scale could also be significantly traced back to farmers
keeping bees on their farms (M3) and to farmers’ increasing age [model not reported: 7=
0.95487 (p<0.001) and & = —0.00613 (p<0.01);){2(27) = 1645.20, p = 0.00; BIC/N = 1.326;
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Table 2. Sample characteristics based on respondents’ per-household values, 2013.

Variable Chiang Mai ® Chanthaburi
Mean | (SD) Mean | (SD)
Age (years) 55.76 | (11.98) 44.89*** 8 | (12.36)
Cultivated acreage (rai) ©
Longan 5.92 ‘ (6.09) 7.47 | (5.82)
Rambutan - 9.54 | (9.97)
Durian - 9.31 | (9.65)
Total cultivated acreage (rai) &) 7.15 | (7.49) 25.42°** ® | (21.10)
Net annual agricultural income (THB) ¢ 76,415 | (96,822) 334,543*** ® | (361,809)
Net total annual income (THB) ¢ 255,005 | (654,567) 362,861 | (367,551)
Variable name Sample shares (%)
Male MALE 58.59 49.61
Main occupation: self-employed in agriculture - 85.35 99,21+ M
Longan farmers D [Total cultivated area (rai)] 100.00 [1172.7] 13.39 [127.0]
Rambutan farmers ? [Total cultivated area (rai)] 0.00 [0.0] 70.87 [859.0]
Durian farmers ? [Total cultivated area (rai)] 0.00 [0.0] 88.19 [1043.2]
Keep bees on their farm o BEE_FARM 38.89 62.99%+* ™
Their own BEEKEEPER 15.66 59.84%+*
Someone else’s - 28.79 9.45%*+ ™
Honey hunters ” - 20.71 29.13
Engage in at least one of the above bee-related activities ECON_BEE 50.00 7244+ W
Completed only six years of primary school [no formal education] - 77.27 57.48* W
N [5.56] [1.57]
Rated native bees’ effect on their crop yields as good or excellent POS_BEE 87.37 96.06
Self-assessed knowledge regarding pollination before the survey: rated at least basic or [high] - 90.40 94.49
[7.58] [24.41]%** P
Blame past yield declines on bee pollination deficits POLL_DEC 38.38 47.24

11 = 198 respondents.
) 1 = 127 respondents.

9 1 rai = 0.16 ha.

9 €1 = 39.3048 Thai baht (THB), as of June 1, 2013.

) A. mellifera or native bees (i.e., A. cerana and/or stingless bee spp.).

D Harvesting honey from wild bees in the forest. Significantly different from Chiang Mai sample with *p<0.05, ** p<0.01 and *** p<0.001.

® Student’s t-test.
") Chi-squared test of independence.

D Cultivates at least (not exclusively) 1 ngan (0.25 rai) of specified crop. Source: own calculation.

https://doi.org/10.1371/journal.pone.0251206.t002

AIC/N = 1.256]. No important BIC difference between models M4 and M5 was found, yet
AIC prefers the latter, indicating a model fit improvement from adding interaction terms that
explain the means of BEEKP and NB_INC.
Table 4 reports the RPL and GMXL models fitted to the Chanthaburi dataset. Model M7
hints at a significantly (yet not very) heterogeneous scale that a further model (M8) explained
with a dummy indicating gender (MALE), according to which male respondents would have
made fewer random choices. These results notwithstanding, M6 (the baseline RPL model) was

preferred by BIC (yet not by AIC), signaling that the heterogeneous choice behavior in

Chanthaburi is better explained by solely capturing it with the random part-worths. Table 4
also reports the GMXL model (M9) that was fitted on the pooled datasets (i.e., Chiang Mai
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Table 3. Random parameter logit and generalized mixed logit (y fixed at 1) models fitted on Chiang Mai dataset.

Variable MI: RPL M2: GMXL M3: GMXL M4: GMXL M5: GMXL

Mean ® SD Mean ™ SD Mean® SD Mean SD Mean ® SD
PEST 1.29287*** | 1.48343*** 1.56450"** | 1.79170*** 1.56653*** | 1.80074*** 1.55832%** | 1.66477"** 1.45318"** | 1.41726"**
HAB 1.28213*** | 0.55993* 1.45823*** | 1.35947*** 1.46612*** | 1.38437*** 1.50250%** | 1.03063*** 1.47212*** | 0.39712*
BEEKP 0.84121*** | 1.31470*** 1.02148"** | 1.67182*** 1.03325"** | 1.66406"** 1.03743*** | 1.68863*** 0.85419*** | 1.61024***
NB_DEC —5.23836"** | 2.73449*** | —=7.30680*** | 1.89658"** | —7.34405"** | 1.84724*** | -7.02944*** | 1.80021"** | —6.39451"** | 1.65209™**
NB_INC 3.26981%** | 2.01934*** | 4.19878*** | 2.58636"** | 4.24664*** | 2.54772*** 4.19584*** | 2.14896"** 3.39856*** | 1.85950***
COSTS (THB) —0.00448** | 0.00320"** | —0.00582*** | 0.00383*** | —0.00581*** | 0.00388"** | —0.00569*** | 0.00329"** | —0.00503"** | 0.00383***

Heterogeneity in random parameter mean (A)

BEEKEEPER (z;): BEEKP - - - - 1.03810"*
ECON_BEE (z;): NB_INC - - - 1.42583**
Parameters in scale: (1) - 0.70201*** 0.75972*** 0.73007*** 0.64482***
BEE_FARM (8) - - —-0.22921*** - -
POLL_DEC (§) . - —0.40490"** —0.38335***
Log-Likelihood (LL) b) —1470.4834 -1462.9989 —1462.1765 —1454.0544 —1446.7320
Parameters (K) 27 28 29 29 31
BIC/N; [AIC/N] 1.326[1.261] 1.323[1.255] 1.326[1.255] 1.319[1.248] 1.319(1.244]
Adjusted [McFadden] R 0.353[0.357] 0.356[0.360] 0.356[0.360] 0.360[0.364] 0.363[0.367]

LRT 9 9 (df) 2

(25) 1629.4328"**

(26) 1644.4018*** (27) 1646.0464"** (27) 1662.2907*** (29) 1676.9355***

Refer to Table 1 for variable definitions. N = 2376 choice observations from 198 respondents.
9 Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.
® Compare to “all-parameters-random model” by Narjes and Lippert [41]: K = 32, LL = —1455.6685, BIC/N = 1.330, AIC/N = 1.252.

9 Likelihood ratio test.

9 Based on the LL function of a restricted model with two intercepts only, i.e., choice probabilities set at each alternative’s sample shares. Source: own calculation.

https://doi.org/10.1371/journal.pone.0251206.t003

+ Chanthaburi). A further model, where CHB was specified to capture heterogeneity in both
scale and the part-worth means, resulted in a non-significant effect of CHB on scale [model
not reported in this paper’s results tables: 7= 0.56502 (p<0.001) and 6 = —0.02011 (p = 0.79);
7*(30) = 2438.00, p = 0.00; BIC/N = 1.339; AIC/N = 1.288]. We thus compared M9 to a model
in which CHB only has an effect on the part-worth means of the conservation policy attributes
(M10), resulting in the latter being preferred by BIC and AIC in spite of its greater number of
parameters.

We also tested whether POLL_DEC can capture part of the part-worth heterogeneity in the
Chanthaburi dataset, an effect that for Chiang Mai had already been discarded following a
stepwise approach by Narjes and Lippert [41]. A positive yet statistically (not quite) significant
effect was detected for the POLL_DECxBEEKP interaction [model not reported in this paper’s
results tables: f = 0.798 (p<0.01) and A = 0.484 (p = 0.057); K = 28; 7°(26) = 827.00, p = 0.00;
BIC/N = 1.439; AIC/N = 1.341]. This result suggests that those farmers in Chanthaburi, who
believe having experienced a bee-mediated pollination deficit, value the beekeeping measure
more than the others.

3.3. Willingness to pay estimation

Table 5 reports WTP estimates for Chanthaburi and Chiang Mai, modelled separately, and for
both regions modelled together. The estimates from M11 (i.e., WTP point estimates) and M12
(i.e., WTP space estimates) seem fairly robust, although PEST and BEEKP were 21% and
10.4% lower in M12, respectively, which would thus render the WTP space estimates
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Table 4. Random parameter logit (RPL) and generalized mixed logit (GMXL; y fixed at 1) models fitted on Chanthaburi dataset and GMXL fitted on pooled data.

Variable M6: RPL Chanthaburi® | M7: GMXL d(;‘hanthaburi M8: GMXL ghanthaburi M9: GMXL pooled data ® | M10: GMXL)pooled data
e
Mean® SD Mean ® SD Mean ® SD Mean ® SD Mean® SD
PEST 1.21990%** | 1.65001*** 1.06637** | 1.54174*** 1.07457*** | 1.55720*** 1.19755*** | 1.52034*** 1.17471°%* | 1.58054***
HAB 1.74206*** | 1.49563*** 1.69797** | 1.24242*** 1.63901"** | 1.21620*** 1.25031"** | 1.06475"** 1.16678*** | 1.04974***
BEEKP 1.04907*** | 1.35912*** 0.98355%** | 1.31533"** 0.95039*** | 1.25279*** 0.84325"** | 1.43884"** 0.72991%** | 1.39975"**
NB_DEC —2.66051** | 1.42451*** | —3.02800"** | 1.73858™** | —2.89768"** | 0.90328*** | —5.47557*** | 1.47275"** | =5.97960*** | 1.42407***
NB_INC 2.04788*** | 1.49773*** 2.17420%** | 1.63267*** 2.30901*** | 1.48040*** 3.30631%** | 1.35985"** 3.35288*** | 1.72152***
COSTS (THB) —0.00232*** | 0.00238*** | —0.00241"** | 0.00260*** | —0.00253*** | 0.00235*** | —0.00413*** | 0.00291"** | —0.00411*** | 0.00311"**
Heterogeneity in random parameter mean (A)
CHB (z;): HAB - - - - 1.09402***
CHB (z;): BEEKP - - - - 0.79023***
CHB (z;): NB_DEC - - - - 2.46479***
Parameters in scale: (1) - 0.15063*** 0.23764*** 0.53793*** 0.56236"**
MALE (8) - - 0.52483*** -
CHB (5) - - - 0.23674**
Log-Likelihood (LL) -995.5278 -996.2910 -993.1677 —2488.6325 —2478.7133
Parameters (K) 27 28 29 29 31
BIC/N; [AIC/N] 9 © 1.436[1.342] 1.442(1.344] 1.443[1.341] 1.338[1.291] 1.337[1.287]
Adjusted [McFadden] R? © 0.286[0.293] 0.286[0.292] 0.288[0.294] 0.327[0.325] 0.327[0.330]
LRT ® 9 (df) 12 (25) 823.4394*** (26) 821.9130%** (27) 828.1596"** (27) 2418.1554*** (29) 2437.9939***

Refer to Table 1 for variable definitions.

2 Significance levels: * p < 0.05,** p < 0.01, *** p < 0.001.

b Likelihood ratio test.

< Based on the LL function of a restricted model with two intercepts only, i.e., choice probabilities set at each alternative’s sample shares.

9 Chanthaburi dataset: N = 1524 choice observations from 127 respondents.

® Pooled data (Chiang Mai + Chanthaburi): N = 3900 choice observations from 325 respondents. Source: own calculation.

https://doi.org/10.1371/journal.pone.0251206.t004

comparatively more conservative. Nevertheless, M11 was preferred by both information crite-
ria, and the non-significant 7in M12 corroborates a negligible scale heterogeneity in the
Chanthaburi dataset. A further model (with lower explanatory performance) suggested that, as
in the case of Chiang Mai, Chanthaburi beekeepers have a higher preference for BEEKP than
non-beekeepers, the mean WTP of the latter being not significantly different from zero [model
not reported: AWTPpgpxp = THB359, p<0.01; K = 22; 4%(20) = 785.73, p = 0.00; BIC/

N = 1.437; AIC/N = 1.360]. It is thus not surprising that the model without the BEEKEEPERX%-
BEEKP term is preferred: the majority of respondents in Chanthaburi are beekeepers and
therefore BEEKP suffices to capture the mean preference for the whole sample. Similarly, in
another model, Chanthaburi farmers who present the POLL_DEC characteristic (regardless of
being beekeepers or not) are WTP more than those who did not believe having experienced a
native bee-pollination shortage [model not reported: WTP,, ., = THB251 (p = 0.054) and
AWTPpgpxr = THB237 (p = 0.07); K = 22; 2%(20) = 782.13, p = 0.00; BIC/N = 1.439; AIC/

N = 1.362].

Model M13 also yielded estimates slightly similar to those reported by Narjes and Lippert
(2016), insofar as the mean WTP for PEST and HAB was not significantly different from zero.
Additionally, the mean WTP for NB_INC and BEEKP, and the estimates for BEEKEEPERx-
BEEKP and ECON_BEEXNB_INC, were almost identical. The remaining estimates, neverthe-
less, differed greatly between the two models. On the other hand, M14 is preferred over both
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Table 5. Willingness to pay (WTP) estimates in Thai Baht (THB) for Chanthaburi, Chiang Mai and pooled datasets (costs parameter fixed at 1 with std. dev = 0).

Variable M11: Chanthaburi M12: Chanthaburi M13: Chiang Mai ® M14: Chiang Mai ® M15: pooled data
wrp® 99 SD wrp® 99 SD wrp® 99 SD wrp® 90 SD wrp® 90 SD

PEST 529.865*** | 715.175*** 419.899*** | 711.365"** 133.412 508.534*** 290.413*** | 577.934*** 348.093*** | 512.506"**

HAB 793.349*** | 988.039*** 775.677*** | 969.279*** 154.559 333.378*** 308.232*** | 407.100"** 355.655** | 450.952***

BEEKP 461.883"** | 903.766*** 413.929*** | 794.669*** 177.437*** | 318.904*** 163.212*** | 357.238"** 216.880%** | 452.149***

NB_DEC —-1380.110*** | 1017.920*** | —1295.380*** | 581.134** | —1247.970*** | 515.354*** | —1445.340*** | 548.637*** | —1305.450*** | 629.691***

NB_INC 939.196"** | 704.132*** | 1004.630*** | 752.330*** 687.127*** | 370.411*** 705.825%** | 474.329*** 898.402*** | 576.426***

Heterogeneity in random parameter mean (AWTP)

BEEKEEPER (z;): - - 186.413* 211.108** -

BEEKP

ECON_BEE (z;): - - 2254227 220.832* -

NB_INC

POS_BEE (z;): PEST - - 204.683 - -

POS_BEE (z;): HAB - - 178.478* - -

CHB (z,): HAB - - - - 356.052***

CHB (z;): BEEKP - - - - 265.419°**

CHB (z;): NB_DEC - - - - 350.696"*

Parameters in scale: (1) - 0.25310 0.75980*** 0.61819*** 0.54113***

MALE (8) - 0.66499 - - -

POLL_DEC (6) - - -0.29629 —-15.55560 -

CHB (8) - - - - 0.32619

Log-Likelihood (LL) —-1012.8470 —-1015.5205 —-1500.6317 —1495.6878 —-2558.9053

Parameters (K); Obs. 21[1524] 23[1524] 27[2376] 25[2376] 26[3900]

[N]

BIC/N; [AIC/N] 1.430[1.357] 1.443[1.363] 1.351[1.286] 1.341[1.280] 1.367[1.326]

Azdjl)lsted [McFadden] 0.275[0.280] 0.273[0.278] 0.340[0.343] 0.342[0.346] 0.306[0.308]

R2€

LRT 9 (df) * (19) 788.8001%** (21) 783.4539*** (25) 1569.1360"** (23) 1579.0240"** (24) 2277.6098***

Refer to Table 1 for variable definitions.
9 Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.

) 1 ikelihood ratio test.

< Based on the LL function of a restricted model with two intercepts only, i.e., choice probabilities set at each alternative’s sample shares.
9 €1 = 39.3048 Thai baht (THB), as of June 1, 2013.
¢ WTP point estimates from RPL with fixed costs (M6, Table 4).
D WTP space (y fixed at 0) models.
® Compare to “fixed-costs model” by Narjes and Lippert [41]: K = 25, LL = —1513.8718, BIC/N = 1.356, AIC/N = 1.295. Source: own calculation.

https://doi.org/10.1371/journal.pone.0251206.t005

M13 and the point estimates model offered by Narjes and Lippert [41] according to both infor-
mation criteria. Moreover, the significant estimates for both of M14’s interaction terms give
further evidence of these terms’ robustness.

The final comparison hints at significantly different preferences for conservation policy

attributes between respondents of the two sampled locations. According to M15, Chiang Mai
farmers were willing to pay ~THB356 for the implementation of the native bee habitat mea-
sure, while Chanthaburi farmers were WTP an additional THB356. This difference is slightly
smaller than the ~THB485 difference between the estimates corresponding to M11 and M14.
On the other hand, the additional THB265 that, according to M15, Chanthaburi farmers are
WTP for BEEKP is a result almost identical to the corresponding difference between M11 and
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M14, given that Chiang Mai farmers are willing to pay THB196 for BEEKP in average
(weighted by the 0.16 share of those keeping their own bees, presented in Table 2).

With regard to the remaining attributes (with the exception of NB_DEC), the estimates of
M15 also resemble the differences between the estimates from M11 and M 14, provided that
the weights corresponding to the sample size and interaction term shares are correctly applied.
These results also hint at the robustness of the WTP estimates from the selected models.

The idiosyncratic effects that were significant on the scale (i.e., §) of the GMXL I models
were not significant in all of the analogous WTP space (i.e., GMXL II) models. This may result
from the fact that in GMXL II, 4, not only weights the means of the random parameters (as
in GMXL I), but also weights in equal proportion their corresponding standard deviations (cf.
Eq4).

4. Discussion

We could not reject HI.1 as there was significant part-worth heterogeneity for all attributes in
all reported models. The sources of farmers’ choice behavior heterogeneity are an important
issue in this article, and thus it should be recalled that scale heteroscedasticity was especially
relevant in the Chiang Mai dataset. The negative sign in the POLL_DEC coefficient (i.e., farm-
ers who believe they experienced a bee-mediated crop pollination decline, place a relatively
higher weight on unobserved attributes when making their choices) nevertheless came up as a
surprise: we expected these farmers to place a higher weight on conservation policy attributes.
We thus keep H3.1 with an unanticipated negative sign. A possible interpretation of this coun-
terintuitive result is that an important pollinator deficit has not yet been experienced (or per-
ceived as such) among farmers in Chiang Mai and that POLL_DEC instead captured the
random answers of respondents who did not fully understand the ecosystem service provided
by the bees. In other words, farmers with a low understanding of and/or skepticism about the
need for an intervention to conserve native pollinators may have introduced different subjec-
tive factors into their choices, thus contributing to an increased variability in the residuals;
such farmers are also prone to misunderstanding the question captured by the dummy
POLL_DEC, to which they may have randomly answered yes or no. Explaining scale differ-
ences may therefore point at a heterogeneous level of relevant knowledge (with respect to the
importance of conserving the environmental good in question) or understanding of the DCE
exercise on the part of the respondents. It may nevertheless also indicate that some attributes
that were relevant to the choice decisions of a group of respondents were ignored by the
researcher.

The supposition of a poor understanding of pollination services in Chiang Mai, relative to
Chanthaburi, is supported by the descriptive statistics: the latter presents a significantly larger
share of individuals that acknowledge the positive effect of native bees to crop pollination and
with significantly higher self-assessed knowledge regarding this ecosystem service (Table 2).
Although not directly providing evidence to test H4, a further indication of a lower awareness
for the importance of bee-mediated pollination in Chiang Mai is given by the fact that there is
a higher engagement in beekeeping in Chanthaburi, which only in this province correlates
with the notion of having experienced bee-mediated pollination shortages. Between the two
provinces, Chiang Mai farmers are thus more likely to perceive hive products as the only bene-
fits they derive from bees.

Accounting for scale heterogeneity in the Chiang Mai dataset indeed resulted in a simpler
model (with respect to the interactions in the part-worth means), suggesting that the models
offered by Narjes and Lippert [41] were over-parameterized in the part-worth vector and may
have yielded slightly biased estimates. Farmers in Chanthaburi, on the other hand, seemed
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consistent in their choices (i.e., they placed a comparatively homogeneous weight on the policy
attributes relative to the residual utility contributions), a behavior that could be attributed to a
better understanding of the importance of native bees for the pollination of their crops. This
reasoning is not farfetched considering the local evidence from actual past pollination deficits
in Chanthaburi and the efforts that have been summoned to counteract such problems in this
region.

The positive effect that CHB has on scale when modeling the pooled data (M9) may lead to
the conclusion that Chanthaburi farmers place a greater weight than Chiang Mai farmers do
on the overall conservation policy relative to ;. This regional effect, nevertheless, is more
dominant as an interaction term on the individual attributes (M10): Chanthaburi farmers
placed a higher value on HAB and BEEKP than Chiang Mai farmers, while comparatively car-
ing less about NB_DEC. The regional dummy thus affected the part-worth means individually,
rather than acting proportionally over all attributes, i.e., we keep H2.3. A non-significant effect
of CHB on scale implies that farmers in Chanthaburi and Chiang Mai have equal E[4;] and
therefore, on average, value conservation policy attributes in similar proportions to £;. We
thus reject H3.2. On the other hand, such a proportion is random for Chiang Mai farmers (i.e.,
individual-specific 4;, given the significant 7 estimate of the preferred model M5), whereas
Chanthaburi farmers exhibit constant A (cf. preferred Chanthaburi model M6), i.e., we keep
H1.2 for Chiang Mali, yet reject it for Chanthaburi.

As a consequence of discarding a regional effect on scale (according to the preferred model
M10), we can also rule out any significant effect on scale from differences in the underlying
experiments, which indeed were designed differently for both regions. Moreover, although an
effect on scale could neither be rejected for BEE_FARM in Chiang Mai, nor for MALE in
Chanthaburi (correspondingly Tables 3 and 4, and hypotheses H3.3 and H3.4), the addition of
these parameters did not contribute to improvements in model performance.

The comparatively lower WTP of Chanthaburi farmers to avoid a 50% decline in native bee
populations (M15) may result from the locally widespread adoption of traditional beekeeping
(predominantly stingless bee spp.) that has endowed their farms with crop pollination inde-
pendence, which otherwise is primarily mediated by wild bees. In contrast, traditional
beekeeping in Chiang Mai mostly relies on A. cerana bees that are baited into man-made hives
from which they eventually abscond back into their natural habitat (i.e., unlike stingless bees,
which, once captured, can be kept indefinitely in box hives). At any rate, being a beekeeper
plays an important role in forming preferences for the implementation of a native bee hus-
bandry measure. This is also true for Chanthaburi, if we take into account that most farmers
there are also beekeepers and that in an unreported model (cf. Section 3.3), the WTP for
BEEKP only came out as significant for those individuals who keep bees. This leads us to keep
H2.1. However, that model is less preferred than M11 probably because most farmers (60%) in
Chanthaburi are also beekeepers. Furthermore, the notion of a possible native bee-pollination
shortage (POLL_DEC) had a positive, yet ambiguous effect on Chanthaburi’s farmers’ prefer-
ence for BEEKP (i.e., the beekeeping measure), which may result from POLL_DEC being con-
founded with BEEKEEPER (i.e., being a beekeeper) in this province. No confident decision
could thus be taken regarding H2.2.

By all means, one should be careful with the interpretation of the WTP estimates for the
percentage changes in the population of native bees, as these considerably exceed the highest
implementation cost presented in the choice cards (i.e., THB750). One should also be wary not
to infer about the entire population of targeted Chanthaburi farmers, considering that it was
not possible to survey this population in a representative fashion.

We would like to close this section by situating this study’s GMXL application in the con-
text of following recent discussion: According to Hess and Train [63], scale heterogeneity is a
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form of correlation in the part-worths that cannot be separately identified from other sources
of heterogeneity. Furthermore, Hess and Rose [57] already warned that models such as the
GMXL, with which a number of authors try to disentangle scale heterogeneity from taste het-
erogeneity, maintain the scale/part-worth confounding and that the gain in model fit from
those specifications results from allowing more flexible distributions.

In line with their criticisms, these authors suggest that a RPL specification is sufficient for
capturing all sources of correlation, including scale heterogeneity [57, 63]. In fact, Hess and
Train [63] argue that GMXL is a restricted form of RPL, unless the part-worths in the latter are
assumed to be uncorrelated, in which case they consider the embedding is reversed. They fur-
ther acknowledge that, if correlation is allowed in a full vector of random part-worths, the
GMXL can accommodate scale heterogeneity. Nonetheless, they maintain that modelling scale
imposes a restriction relative to RPL, arguing that in doing so, the covariance matrix is being
captured by a single (scale) parameter, which draws on the argument that the heterogeneity
from scale and from taste cannot be disentangled [63].

Indeed, the GMXL models we fitted (see Tables 3 and 4) do not separately identify scale het-
erogeneity. Instead, the specification proposed by Fiebig et al. [44] assumes a functional form
for the distribution of the scale parameter, such that its expected value equals unity. Thereby,
one identifies the parameters that describe such distribution as the coefficients to be estimated,
instead of estimating the scale parameter itself. Furthermore, the special case of GMXL that we
applied (i.e., GMXL I, cf. Eq 4 and setting y = 1) assigns heterogeneity to taste (through 7;,
which captures independent unobserved deviations from the mean part-worth vector), sepa-
rately from the heterogeneity that enters the model as correlation in the part-worth vector
[1:{B + Az;)], i.e., through the random scale parameter A,. Having additionally allowed all part-
worths to be correlated, our GMXL model specifications produced parameter estimates that
separately described the distributions assumed for the part-worth vector (i.e., multivariate nor-
mal) and for the scale parameter (i.e., lognormal with E[4;] = 1). The question nevertheless
remains as to whether the improved goodness of fit in several of the estimated GMXL models
(according to e.g., AIC and BIC) resulted from assuming a mixture of distributions that is
more flexible than that assumed for the RPL models (see Tables 3 and 4).

As for the WTP space estimation (see Eq 7), Hess and Train [63] affirm that such models
allow for all sources of correlation as long as the price effect enters linearly the underlying util-
ity specification, which is the case in our WTP analyses (see Table 5).

5. Conclusions

From the above analyses, we can dismiss the null hypotheses of homogeneous choice behavior
between and within Chiang Mai and Chanthaburi farmers regarding alternative native bee
conservation policies. We further conclude with confidence that such heterogeneous choices
can be partly explained by the influence of observed farmer-specific characteristics on their
preference for the single policy-constituting attributes and on the variability with which unob-
served factors (i.e., which were not captured in the DCE) contribute to their choices.

Our results suggest that those farmers in Chiang Mai who answered yes to the question of
whether they believed they had experienced a past bee-mediated pollination deficit derived
less utility from the conservation policy measures, relative to other (unobserved) choice deci-
sion influences. This result is nevertheless challenged by the lack of evidence for an actual pol-
linator crisis in Chiang Mai. We therefore suggest that, instead, this question captured the
poor understanding of a portion of farmers regarding the agricultural importance of bees,
which further led them to base their choice decisions, to a larger degree, on unobserved factors.
Similarly, Chiang Mai farmers who keep their own or someone else’s bees on their farm may
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have incorporated relatively more unobserved factors into their decision process than farmers
who do not keep bees. We presume that this effect results from longan farmers of Chiang Mai
valuing bees, almost exclusively, for their direct economic benefits: most farmers keep bees
that belong to beekeeping entrepreneurs who pay them for the right to forage longan nectar,
and the few farmers who keep their own bees probably do it entirely for the hive products.

Engaging in activities that involve bees (which in Chiang Mai is likely to be mainly driven
by their direct economic benefits, such as honey, rather than by pollination services) also has a
significant effect on the preference for bee husbandry as part of a native bee conservation pol-
icy in this region. This finding, initially proposed in the study by Narjes and Lippert [41], is
substantiated by the GMXL estimates of the present analyses. Furthermore, this study pre-
serves, to a considerable degree, the orders of magnitude and proportions of the willingness to
pay (WTP) estimates for Chiang Mai from Narjes and Lippert [41], thus indicating their
robustness.

An interesting result was obtained by modelling the extent to which being a farmer from
Chanthaburi influenced the variability of the unobserved contributions to choice decisions:
the corresponding estimated positive interaction parameter § results in a larger scale A of util-
ity and thus in a smaller variance o of the unobserved residuals for the Chanthaburi subsam-
ple. This result in turn suggests that the choices of this group of farmers were more strongly
informed by the observed conservation policy attributes than the choices of the Chiang Mai
subsample. Nonetheless, perhaps the most important finding of this study is that the WTP for
a native bee conservation policy was, in general, significantly higher in Chanthaburi than in
Chiang Mai. The fact that the majority of Chanthaburi farmers (~60%) are also beekeepers
(which in this region correlates with the notion of a past bee-mediated pollination deficit),
makes it difficult to differentiate their value perceptions from those farmers who do not keep
bees. Moreover, it suggests that the comparatively higher WTP of Chanthaburi farmers may
result from the farmers’ actual need to manage their own crops’ pollination.

6. Policy implications

We propose that an actual local pollinator decline may have made Chanthaburi farmers more
aware of the importance of native bees for crop pollination, while (paradoxically) making
them more independent from the provision of wild pollination services, as they started manag-
ing crop pollination with stingless bees to supplement (apparent) pollination deficits. This
hypothesis is supported by the comparatively higher WTP of Chanthaburi farmers for the
implementation of the native bee husbandry and improved native bee habitat measures, and is
further corroborated by the fact that they usually collect stingless bee nests in the surrounding
natural habitats (i.e., before being reared in the farms). Furthermore, the comparatively lower
WTP of Chanthaburi farmers for the bee-friendly pest management and to avoid native (wild)
bee population declines corroborates their independence from the provision of wild pollina-
tion services, especially considering that the shorter flight range of stingless bees protects them
from pesticides exposure. In view of this, we further submit that waiting for a pollinator crisis
to set in, before a conservation policy has been implemented, may steer farmers’ preferences
toward corrective efforts that are likely to be selective in favor of a few manageable bee species.

There are only a few species of manageable honeybees and stingless bees in Thailand [6].
Relying solely on bee husbandry for their conservation may pose the risk of neglecting the rest
of the native pollinator fauna, which already contribute substantially to crop pollination and
may serve as important insurance in the event of managed bee shortages [64, 65]. Instead, the
implementation of a preventive policy would be likelier to conserve the broader pollinator
fauna, including those wild species that are rarely observed near crops. A native bee
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conservation policy should thus integrate all three IPI-POA recommended adaptive manage-
ment strategies (presented in this study) and further raise awareness of the importance of polli-
nators among the general public and special interest groups through the dissemination of high
quality and easy-to-understand information [40]. Such a conservation policy should be seen as
an investment, considering that the calculated costs of implementing the proposed conserva-
tion strategies would only amount to a fraction of the potential production losses that a bee-
pollination deficit could entail [41]. Moreover, by taking into account the preferences of polli-
nation-dependent crop farmers with regards to the conservation strategies constituting such a
policy (as estimated in this study), one could make ex-ante policy recommendations based on
which strategies can be expected to engage more efforts and resources from the targeted farm-
ing communities and which ones will require a greater government intervention.

On average, the three proposed conservation measures were valued positively, yet all mod-
els coincide in their significantly wide-ranging standard deviations. Although expected (and
partly explained in this study), this result poses a challenge for the implementation of these
measures; to increase these policies’ chances of success, policy makers could gain further
insights from qualitative analyses that try to explain such part-worth heterogeneity.

Acknowledgments

We thank Michael Keane, John Rose, Stephane Hess and Jordan Louviere for their insights
into the GMXL model, and we thank David Hensher and Bill Greene for their support of its
implementation in NLOGIT. Our appreciation goes to Nick Hanley and Tobias Bérger for
sharing their experiences with similar studies. Special thanks to P. Withisupakorn, W. Tha-
nuart and C. Makhonpas for supporting our survey in Chanthaburi. We also acknowledge the
patience and support of the participating farmers and beekeepers without whom this research
would not have been possible.

Author Contributions

Conceptualization: Manuel Ernesto Narjes.

Data curation: Manuel Ernesto Narjes.

Formal analysis: Manuel Ernesto Narjes.

Funding acquisition: Manuel Ernesto Narjes.

Investigation: Manuel Ernesto Narjes.

Methodology: Manuel Ernesto Narjes, Christian Lippert.

Project administration: Manuel Ernesto Narjes.

Supervision: Christian Lippert.

Writing - original draft: Manuel Ernesto Narjes, Christian Lippert.

Writing - review & editing: Manuel Ernesto Narjes.

References

1. Kastberger G., Weihmann F., and Hoetzl T. 2011. “Self-Assembly Processes in Honeybees: the Phe-
nomenon of Shimmering.” In Hepburn R., and Radloff S. E., eds. Honeybees of Asia. Berlin:
Springer, pp. 397—443.

2. Klakasikorn A., Wongsiri S., Deowanish S., and Duangphakdee O. 2005. “New Record of Stingless
Bees (Meliponini: Trigona) in Thailand.” Trop Nat Hist 5 (1): 1-7.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251206 May 6, 2021 20/23


https://doi.org/10.1371/journal.pone.0251206

PLOS ONE

Regional differences in farmers’ preferences for a native bee conservation policy

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Rasmussen C. 2008. Catalogue of the Indo-Malayan/Australian Stingless Bees (Hymenoptera: Apidae:
Meliponini). Auckland: Magnolia Press.

Oldroyd B.P., and Wongsiri S. 2009. Asian Honey Bees: Biology, Conservation, and Human Interac-
tions. Cambridge: Harvard University Press.

Heard T.A. 1999. “The Role of Stingless Bees in Crop Pollination.” Annual Review of Entomology 44:
183-206. https://doi.org/10.1146/annurev.ento.44.1.183 PMID: 15012371

Chuttong B., Chanbang Y., and Burgett M. 2014. “Meliponiculture: Stingless Bee Beekeeping in Thai-
land.” Bee World 91 (2): 41-45.

Boongird S. 2014. “Managing Colonies of the Fusco Bee (Tetragonula Fuscobalteata) (Hymenoptera;
Apidae) for the Pollination of Durian (Durio Zibethinus), and Its Impact on Honey Composition.” Journal
of Ramkhamhaeng University (Science And Technology) 17: 23-39.

Narjes M. E., and Lippert C. (2019). The Optimal Supply of Crop Pollination and Honey From Wild and
Managed Bees: An Analytical Framework for Diverse Socio-Economic and Ecological Settings. Eco-
logical Economics, 157, 278-290.

Beekman M., and Ratnieks F.L. 2000. “Long-Range Foraging by the Honey-Bee, Apis mellifera L.”
Functional Ecology 14: 490—-496.

Boontop Y., Malaipan S., Chareansom K., and Wiwatwittaya D. 2008. “Diversity of Stingless Bees (Api-
dae: Meliponini) in Thong Pha Phum District, Kanchanaburi Province, Thailand.” Kasetsart Journal of
Natural Science 42: 444—456.

Priess J.A., Mimler M., Klein A.M., Schwarze S., Tscharntke T., and Steffan-Dewenter I. 2007. “Linking
Deforestation Scenarios to Pollination Services and Economic Returns in Coffee Agroforestry Sys-
tems.” Ecological Applications: a Publication of the Ecological Society of America 17 (2): 407-17.
https://doi.org/10.1890/05-1795 PMID: 17489248

Potts S.G., Biesmeijer J.C., Kremen C., Neumann P., Schweider O., and Kunin W.E. 2010. “Global Pol-
linator Declines: Trends, Impacts and Drivers.” Trends in Ecology and Evolution 25 (6): 345-53. https:/
doi.org/10.1016/j.tree.2010.01.007 PMID: 20188434

Goulson D., Nicholls E., Botias C., and Rotheray E.L. 2015. “Bee Declines Driven by Combined Stress
from Parasites, Pesticides, and Lack of Flowers.” Science 347 (6229): 1255957. https://doi.org/10.
1126/science.1255957 PMID: 25721506

Johnson B.A. 2015. “Combining National Forest Type Maps with Annual Global Tree Cover Maps to
Better Understand Forest Change over Time: Case Study for Thailand.” Applied Geography 62: 294—
300.

Thapinta A., and Hudak P.F. 2000. “Pesticide Use and Residual Occurrence in Thailand.” Environmen-
tal Monitoring and Assessment 60 (1): 103—114.

Panuwet P., Siriwong W., Prapamontol T., Ryan P.B., Fiedler N., Robson M.G., et al. 2012. “Agricultural
Pesticide Management in Thailand: Status and Population Health Risk.” Environmental Science and
Policy 17: 72-81. https://doi.org/10.1016/j.envsci.2011.12.005 PMID: 22308095

Siriwong W., and Robson M. 2014. “Pesticides Use and Human Health Effects in Agricultural Farm-
workers in the Kingdom of Thailand: Current Situation and Concerns.” Journal of Agromedicine 19 (2):
240-241.

Delang C.0. 2002. “Deforestation in Northern Thailand: the Result of Hmong Farming Practices or Thai
Development Strategies?” Society and Natural Resources 15 (6): 483-501.

Forest Carbon Partnership Facility. 2013. Readiness Preparation Proposal (R-PP) for Thailand. https://
forestcarbonpartnership.org/sites/fcp/files/2014/MArch/March/Thailand%20R-PP%20Nov2013.pdf.

Jawijit W., Kroeze C., and Rattanapan S. 2010. “Greenhouse Gas Emissions from Rubber Industry in
Thailand.” Journal of Cleaner Production 18 (5): 403—411.

Trisurat Y., Alkemade R., and Verburg P.H. 2010. “Projecting Land-Use Change and Its Consequences
for Biodiversity in Northern Thailand.” Environmental Management 45 (3): 626—639. https://doi.org/10.
1007/s00267-010-9438-x PMID: 20131051

Schreinemachers P., Sringarm S., and Sirijinda A. 2011. “The Role of Synthetic Pesticides in the Inten-
sification of Highland Agriculture in Thailand.” Crop Protection 30 (11): 1430-1437.

Grovermann C., Schreinemachers P., and Berger T. 2013. “Quantifying Pesticide Overuse from Farmer
and Societal Points of View: an Application to Thailand.” Crop Protection 53: 161-168.

Boonithee A., Juntawong N., Pechhacker H., and Huttinger E. 1991. “Floral Visits to Select Crops by
Four Apis species and Trigona sp. in Thailand.” Acta Horticulturae 288: 74—80.

Blanche K.R., Ludwig J.A., and Cunningham S.A. 2006. “Proximity to Rainforest Enhances Pollination
and Fruit Set in Orchards.” Journal of Applied Ecology 43 (6): 1182—1187.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251206 May 6, 2021 21/23


https://doi.org/10.1146/annurev.ento.44.1.183
http://www.ncbi.nlm.nih.gov/pubmed/15012371
https://doi.org/10.1890/05-1795
http://www.ncbi.nlm.nih.gov/pubmed/17489248
https://doi.org/10.1016/j.tree.2010.01.007
https://doi.org/10.1016/j.tree.2010.01.007
http://www.ncbi.nlm.nih.gov/pubmed/20188434
https://doi.org/10.1126/science.1255957
https://doi.org/10.1126/science.1255957
http://www.ncbi.nlm.nih.gov/pubmed/25721506
https://doi.org/10.1016/j.envsci.2011.12.005
http://www.ncbi.nlm.nih.gov/pubmed/22308095
https://forestcarbonpartnership.org/sites/fcp/files/2014/MArch/March/Thailand%20R-PP%20Nov2013.pdf
https://forestcarbonpartnership.org/sites/fcp/files/2014/MArch/March/Thailand%20R-PP%20Nov2013.pdf
https://doi.org/10.1007/s00267-010-9438-x
https://doi.org/10.1007/s00267-010-9438-x
http://www.ncbi.nlm.nih.gov/pubmed/20131051
https://doi.org/10.1371/journal.pone.0251206

PLOS ONE

Regional differences in farmers’ preferences for a native bee conservation policy

26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.
48.

49.
50.

Pham H.D. 2012. Pollination Biology of Jujubes and Longans and the Importance of Insects in the Polli-
nation of Crops in Vietnam. University of Guelph. https://atrium.lib.uoguelph.ca/xmlui/handle/10214/
3744.

Thai Office of Agricultural Economics. (09. 02 2014). Agricultural Production Data. http://www.oae.go.
th/ewt_news.php?nid=13577.

Anupunt P., and Sukhvibul N. 2005. “Lychee and Longan Production in Thailand.” Acta Horticulturae
665 (665): 53—60.

Menzel C.M., and Waite G.K. 2005. Litchi and Longan: Botany, Production and Uses. Cambridge, MA:
CABI Publishing.

Thai Ministry of Commerce. 2015. Thailand Trading Report. http://www2.0ps3.moc.go.th/.

Wongsiri S., Thapa R., and Kongpitak P. 1998. “Longan: a Major Honey Plant in Thailand.” Bee World
79 (1): 23-8.

Wongsiri S., Chanchao C., Deowanish S., Aemprapa S., Chaiyawong T., Petersen S., et al. 2000.
“Honey Bee Diversity and Beekeeping in Thailand.” Bee World 81 (1): 20-9.

Seanbualuang P. 2012. “Basic Knowledge of Beekeeping.” Naresuan University Journal 20: 93—100.

Shivaramu K., Sakthivel T., and Rami-Reddy P.V. 2012. “Diversity and Foraging Dynamics of Insect
Pollinators on Rambutan (Nephelium Lappacum L.).” Pest Management in Horticultural Ecosystems
18: 158—-160.

Rincon-Rabanales M., Roubik D.W., Guzman M.A., Salvador-Figueroa M., Adriano-Anaya L., and
Ovando |. 2015. “High Yields and Bee Pollination of Hermaphroditic Rambutan (Nephelium lappaceum
L.) in Chiapas, Mexico.” Fruits 70 (1): 23-7.

Salakpetch S. 2005. “Rambutan Production in Thailand.” In Chomchallow N. and Sukvibul N., eds. Pro-
ceedings of the Second International Symposium on Lychee, Longan, Rambutan and Other Sapinda-
ceae Plants. International Society for Horticultural Science.

Methaphat C. 2010. Fruit Production and Distribution: Risks of Beautification and Standardization of
Fruit. Human Security and Religious Certainty in Southeast Asia. Chiang Mai: Regional Center for
Social Science and Sustainable Development.

Chaisrichonlathan P., and Noomhorm A. 2011. “Effects of Harvesting Seasons and Maturity Stages on
Internal Characteristics of the Mangosteen Having Different Surface Properties.” International Journal
of Food Science and Technology 46 (4): 717-723.

Bumrungsri S., Sripaoraya E., Chongsiri T., Sridith K., and Racey P.A. 2009. “The Pollination Ecology
of Durian (Durio Zibethinus, Bombacaceae) in Southern Thailand.” Journal of Tropical Ecology 25 (1):
85-92.

Byrne A., and Fitzpatrick U. 2009. “Bee Conservation Policy at the Global, Regional and National Lev-
els.” Apidologie 40 (3): 194-210.

Narjes M.E., and Lippert C. 2016. “Longan Fruit Farmers’ Demand for Policies Aimed at Conserving
Native Pollinating Bees in Northern Thailand.” Ecosystem Services 18: 58—67.

Kleijn D., Winfree R., Bartomeus ., Carvalheiro L.G., Henry M., Isaacs R., et al. 2015. “Delivery of Crop

Pollination Services Is an Insufficient Argument for Wild Pollinator Conservation.” Nature Communica-
tions 6: 7414. https://doi.org/10.1038/ncomms8414 PMID: 26079893

Louviere J., Street D., Carson R., Ainslie A., Deshazo J.R., Cameron T., et al. 2002. “Dissecting the
Random Component of Utility.” Marketting Letters 13 (3): 177—193.

Fiebig D.G., Keane M.P., Louviere J., and Wasi N. 2010. “The Generalized Multinomial Logit Model
Accounting for Scale and Coefficient Heterogeneity.” Marketing Science 29 (3): 393—421.

Scarpa R., Thiene M., and Train K.E. 2008. “Utility in Willingness to Pay Space: A Tool to Address Con-
founding Random Scale Effects in Destination Choice to the Alps. American.” American Journal of Agri-
cultural Economics 90 (4): 994—1010.

Rose J., Hess S., Greene W.H., and Hensher D.A. 2013. “The Generalised Multinomial Logit Model:
Misinterpreting Scale and Preference Heterogeneity in Discrete Choice Models or Untangling the Un-
Untanglable?” TRB 92nd Annual Meeting Compendium of Papers. Toronto: Transportation Research
Board.

Thurstone L.L. 1927. “A Law of Comparative Judgment.” Psychological Review 34 (4): 273-286.

Marschak J. 1960. “Binary Choice Constraints on Random Utility Indications.” Proceedings of a Sympo-
sium on Mathematical Methods in the Social Science. Stanford, CA: Stanford University Press, pp.
312-329.

Train K. 2009. Discrete Choice Methods With Simulation. Cambridge University Press.

Hensher D.A., Rose J.M., and Greene W.H. 2015. Applied Choice Analysis ( 2nd edition). Cambridge:
Cambridge University Press.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251206 May 6, 2021 22/23


https://atrium.lib.uoguelph.ca/xmlui/handle/10214/3744
https://atrium.lib.uoguelph.ca/xmlui/handle/10214/3744
http://www.oae.go.th/ewt_news.php?nid=13577
http://www.oae.go.th/ewt_news.php?nid=13577
http://www2.ops3.moc.go.th/
https://doi.org/10.1038/ncomms8414
http://www.ncbi.nlm.nih.gov/pubmed/26079893
https://doi.org/10.1371/journal.pone.0251206

PLOS ONE

Regional differences in farmers’ preferences for a native bee conservation policy

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Train K., and Weeks M. 2005. “Discrete Choice Models in Preference Space and Willingness-To-Pay
Space.” In Scarpa R. and Alberini A., eds. Applications of Simulation Methods in Environmental and
Resource Economics. Dordrecht: Springer, pp. 1-16.

Greene W.H., and Hensher D.A. 2010. “Does Scale Heterogeneity across Individuals Matter? An
Empirical Assessment of Alternative Logit Models.” Transportation 37 (3): 413-428.

Hensher D.A., and Greene W.H. 2011. “Valuation of Travel Time Savings in WTP and Preference
Space in the Presence of Taste and Scale Heterogeneity.” Journal of Transport Economics and Policy
45: 505-525.

Chaloner K., and Verdinelli I. 1995. “Bayesian Experimental Design: A Review.” Statistical Science 10
(3): 273-304.
DIVA-GIS. 2014. Free Spatial Data. http://www.diva-gis.org/.

Thai Department of Agricultural Extension (DoAE). 2016. Farmer report. Abgerufen am 30. 01 2016 von
http://www.farmer.doae.go.th.

Hess S., and Rose J.M. 2012. “Can Scale and Coefficient Heterogeneity Be Separated in Random
Coefficients Models?” Transportation 39 (6): 1225—1239.

Neath A.A., and Cavanaugh J.E. 2012. “The Bayesian Information Criterion: Background, Derivation,
and Applications.” Wires Comp Stat 4: 199-203.

Kass R.E., and Raftery A.E. 1995. “Bayes Factors.” Journal of the American Statistical Association 90
(430): 773-795.

Thai Department of Agricultural Extension (DoAE). 2016. Provincial Agriculture Occupation Promotion
and Development Center (Bee). http://www.aopdb02.doae.go.th/home.html.

MoAC. 2016. Ministry of Agriculture and Cooperatives. https://www.moac.go.th/ewt_news.php?nid=
17397&filename=index.

Office of Royal Development Projects Board. 2016. Kung Krabaen Bay Royal Development Study Cen-
tre. http://km.rdpb.go.th/Project/View/6576.

Hess S., and Train K. 2017. “Correlation and Scale in Mixed Logit Models.” Journal of Choice Modelling
23:1-8.

Kremen C., Williams N.M., and Thorp R.W. 2002. “Crop Pollination from Native Bees at Risk from Agri-
cultural Intensification.” PNAS 99 (26): 16812—16816. https://doi.org/10.1073/pnas.262413599 PMID:

12486221

Steffan-Dewenter ., Potts S.G., and Packer L. 2005. “Pollinator Diversity and Crop Pollination Services
Are at Risk.” Trends in Ecology and Evolution 20 (12): 651-652. https://doi.org/10.1016/j.tree.2005.09.
004 PMID: 16701452

PLOS ONE | https://doi.org/10.1371/journal.pone.0251206 May 6, 2021 23/23


http://www.diva-gis.org/
http://www.farmer.doae.go.th
http://www.aopdb02.doae.go.th/home.html
https://www.moac.go.th/ewt_news.php?nid=17397&filename=index
https://www.moac.go.th/ewt_news.php?nid=17397&filename=index
http://km.rdpb.go.th/Project/View/6576
https://doi.org/10.1073/pnas.262413599
http://www.ncbi.nlm.nih.gov/pubmed/12486221
https://doi.org/10.1016/j.tree.2005.09.004
https://doi.org/10.1016/j.tree.2005.09.004
http://www.ncbi.nlm.nih.gov/pubmed/16701452
https://doi.org/10.1371/journal.pone.0251206

