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Abstract

Economic evaluations of invasive species are essential for providing comprehensive assessments of the benefits and costs of
publicly-funded management activities, yet many previous investigations have focused narrowly on expenditures to control
spread and infestation. We use hedonic modeling to evaluate the economic effects of Eurasian milfoil (Myriophyllum
spicatum) invasions on lakefront property values of single-family homes in an urban-suburban landscape. Milfoil often forms
dense canopies at the water surface, diminishing the value of ecosystem services (e.g., recreation, fishing) and necessitating
expensive control and management efforts. We compare 1,258 lakeshore property sale transactions (1995–2006) in 17 lakes
with milfoil and 24 un-invaded lakes in King County, Washington (USA). After accounting for structural (e.g., house size),
locational (e.g., boat launch), and environmental characteristics (e.g., water clarity) of lakes, we found that milfoil has a
significant negative effect on property sales price ($94,385 USD lower price), corresponding to a 19% decline in mean
property values. The aggregate cost of milfoil invading one additional lake in the study area is, on average, $377,542 USD
per year. Our study illustrates that invasive aquatic plants can significantly impact property values (and associated losses in
property taxes that reduce local government revenue), justifying the need for management strategies that prevent and
control invasions. We recommend coordinated efforts across Lake Management Districts to focus institutional support,
funding, and outreach to prevent the introduction and spread of milfoil. This effort will limit opportunities for re-
introduction from neighboring lakes and incentivize private landowners and natural resource agencies to commit time and
funding to invasive species management.
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Introduction

Despite the long history of investigating the ecology of

nonindigenous species [1], the scope of economic damages

associated with species invasions has only recently received greater

attention [2,3]. Continental scale estimates suggest that thousands

of invasive plants and animals have generated billions of dollars in

economic losses [4–6]. These estimates, however, are conservative

because they focus predominantly on expenditures to control the

infestation and spread of invasive species. From an economic

perspective, the full cost of biological invasions also includes the

effects on host ecosystems and the human populations dependent

on them [7]. The societal value that individuals give to both

market (e.g., forestry) and nonmarket (e.g., landscape aesthetics)

goods and services is also important to the economic valuation of

damages incurred by invasive species. These values consider the

market price of goods and services and people’s willingness to pay

and sell them [8–10].

In freshwater environments, previous studies have largely

focused on the economic impacts of invasive species on fisheries,

power plants, water treatment facilities, and recreation [11,12].

For example, the invasion of the rusty crayfish (Orconectes rusticus)
into lakes in northern Wisconsin (USA) is estimated to generate

damages of about $1.5 million USD annually to the panfish

recreational fishery [13], and zebra mussels (Dreissena polymorpha)

cost an estimated $267 million USD in lost power generation and

drinking water treatment facilities in Lake St. Clair (USA) during

the first 15 years of infestation [14]. However, a more complete

understanding of the full spectrum of economic effects associated

with aquatic invasive plants is needed to develop comprehensive

policies and management strategies, as well as to incentivize the

public to prevent future spread.

Eurasian milfoil (Myriophyllum spicatum L., herein referred to

milfoil) is an ideal study organism to enhance our knowledge

regarding the economic effects of aquatic invasive species because

extensive information is available on the ecology and management

of this invasive plant [15]. Native to Europe, Asia, and northern
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Africa, milfoil is now found on all continents except Australia and

Antarctica, including almost all states and provinces of the United

States and Canada [16]. This submersed perennial grows in a

wide range of water temperatures, depths, and turbidities [15].

Milfoil can propagate through vegetative and sexual reproduction,

although the former via stem fragments and runners provides the

main mechanism of dispersal [17] by hitchhiking between

waterbodies on trailered boats [18]. Milfoil invasions have become

a major environmental nuisance in countless lakes across North

American and globally, and many additional water bodies are

susceptible to future invasions [19,20].

Freshwater ecosystems are often severely impacted by milfoil

invasion. Milfoil form dense canopies in the water column

(extending to the water surface) altering water chemistry,

displacing native plants, and creating habitats that are unsuitable

for wildlife [15,21,22]. The costs of controlling milfoil, which

include mechanical harvesting, underwater cultivation, diver

hand-pulling, water level manipulation, biological control, and

aquatic herbicide application, exceed many millions USD

annually [23]. For example, during a 15 year period (1985–

2010) over $5 million USD was spent to control milfoil in Lake

George (New York, USA) [24]. Moreover, milfoil can diminish the

value of services like recreation, by hindering boating and

swimming activities. In the Truckee River watershed (California

and Nevada, USA), estimates of a potential decline in recreation

values of only 1% due to the spread of milfoil were at least

$500,000 USD annually [23]. Milfoil can also impact provisioning

services such as agriculture and electricity generation, by reducing

water circulation in irrigation projects and blocking water intakes

in power plants.

In this study we evaluate the potential economic impacts of

aquatic invasive plants on lakefront properties, using Eurasian

milfoil as an illustrative example. Such impacts are largely

unexplored (but see [25,26]), yet are critical to determine the

benefits and costs of different strategies to manage invasive aquatic

plants and to actively engage the public into management actions

regarding the spread of non-native species. Specifically, we

evaluate the economic effects of milfoil invasions on lakefront

property values of single-family homes in a region of western

Washington (USA) by applying a hedonic modeling framework.

Furthermore, we assess the welfare effect of milfoil invading one

additional lake in our study area in order to inform future

prevention efforts.

Methods

Study region
Our study focused on lakefront properties in Pacific Northwest

region of North America, specifically King County, Washington

(USA). This county has the highest population density in the state

(1,931,249 residents according to the 2010 census) and it is

intersected (north-south) by the Interstate-5 highway, which serves

as an invasion corridor for non-native plant species both in terms

of high human populations (introduction via the aquarium trade)

and movement of recreational boaters (introduction via entrain-

ment on trailer boats). Lakes throughout King County are located

along a distinct urban-rural land use gradient, and many have

primary residences and support public recreation [27], making our

study distinct from previous investigations examining milfoil

impacts in rural landscapes. We assessed the economic effect of

milfoil by comparing 1,258 lakeshore property sale transactions of

single family homes in 41 small lakes (lake area ,1 km2) from

1995 to 2006 (Figure 1), prior to the 2007 decline of housing prices

in the county and the state [28]. Although the county has .150

small lakes, we were limited to those containing complete datasets

for sales transactions, structural, locational, and environmental

characteristics (see below). The dataset consisted of 17 lakes with

milfoil during the study period (611 total transactions) and 24 un-

invaded lakes (647 total transactions) located in a predominantly

urban-suburban landscape. The exact date when milfoil invaded

each lake is unknown; however, based on county records [29] and

personal communication with county officials 15 of the lakes were

invaded prior to 1995 and two prior to 1999. Because the invasion

dates of the latter two lakes were unclear, we treated them as being

invaded throughout the 12-year study period. Unfortunately data

on milfoil density is lacking for many lakes, therefore our analysis

focused on presence/absence. Data sources were the King County

Department of Assessments, King County Department of Natural

Resources and Parks, and the Washington Department of

Ecology.

Statistical approach
We used hedonic modeling to quantify the effect of milfoil

invasions on lake property values. This technique has proven

useful in estimating the economic value of nonmarket amenities,

for example, the effect of water quality on the recreational and

aesthetic value of freshwater resources and shoreline properties

[30–32]. We provide a brief description of this approach below,

but refer the reader to Rosen [33] for further information.

Hedonic modeling partitions a composite good (e.g., property

value) into its defining characteristics and estimates the value (i.e.,

implicit price) of each characteristic. The relationship between the

market price of the good and its attributes is the hedonic price

function. We followed Halstead et al. [34] by defining the hedonic

price function as HP = f(S, L, E), where HP represents home

(property) price, S are structural characteristics (e.g., house size), L
are locational characteristics (e.g., parcel density), and E are

environmental characteristics (e.g., water clarity).

We modeled HP as a function of key property characteristics (S,

L, E) to generate the value (i.e., marginal implicit price) consumers

give to each characteristic. These estimated values were then used

to evaluate the effect of milfoil presence on property value. A suite

of independent variables (Table 1) that previous studies have

identified as important in determining lakeshore property prices

were analyzed [25,35]. We modeled HP as a linear function of

these variables for ease of interpretation and because this

functional form has been used extensively in hedonic analyses

[36,37]. Given that properties around a lake are influenced by the

same lake-specific characteristics, we considered each lake a cluster

of property sales and characteristics (see [25]). Unobserved lake

characteristics can lead to endogeneity, whereby an independent

variable is correlated with the error terms in the model, resulting

in biased estimates of model coefficients. We used two-stage least

squares regression to account for correlations between the error

terms of the dependent variable and the independent variables.

This regression uses instrumental variables that are uncorrelated

with the error terms but are correlated to the endogenous variables

to estimate the values of the endogenous variables (first stage), and

then uses these estimated values to model the dependent variable

(second stage) (see [38]).

Hedonic model structure
The hedonic model comprised of lakefront property sales price

as the dependent variable, which was deflated to 2006 property

values (USD) using the house price index (purchase only) from the

US Federal Housing Finance Agency. Independent variables used

in the analysis included structural characteristics (i.e., house size,

house age, lot size, frontage), locational attributes (i.e., presence of
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a public boat launch, recreational fish stocking, lakefront parcel

density) and environmental descriptors (i.e., presence of Eurasian

milfoil, lake area, water temperature, water clarity) (Table 1).

The choice of endogenous and instrumental variables is

influenced by geography and the specific characteristics of the

focal property market (e.g., [25,26]). Our variable selection and

model structure reflects a property market composed of primary

residences in an urban-suburban landscape. Below we describe the

endogenous and instrumental variables used in the hedonic model

(independent variables are listed Table 1), noting that endogenous

variables refer to factors whose values are determined by the state

of other variables in the system and instrumental variables are

hypothesized to be correlated to the endogenous variables but not

to the dependent variable (property sales price).

Milfoil presence was treated as an endogenous variable; a choice

supported by Horsch and Lewis [25] who showed the endogeneity

of milfoil presence in a hedonic model. Recreational boaters

commonly spread milfoil among lakes [18] and lake characteristics

that increase the desirability for recreation are also attractive for

homeownership. However, it is difficult to quantify many of these

desirable characteristics, thus increasing the likelihood that milfoil

presence is endogenous [25]. In our housing market, we used the

occurrence of a public boat launch and fish stocking as

instrumental variables because they are linked to recreational

boating (i.e., the primary vector of milfoil introduction into lakes).

Our choice is supported by the fact that all properties have direct

dock assess to the lake and self-sustaining recreational fish

populations exist in those lakes that are not stocked; therefore,

these factors likely have little effect on a homeowner’s willingness

to pay in our housing market. We also used water clarity, lake

area, and water temperature as instrumental variables for milfoil

presence due to their influence on habitat suitability for milfoil

establishment [15,20,27]. Although water quality is known to have

an effect on property values of housing markets (e.g., [30,32,39]),

Figure 1. Location of milfoil presences (red filled circle) and absences (white empty circles) in lakes of Washington, USA, including
King County (bottom right) containing 17 invaded lakes (filled squares) and 24 uninvaded lakes (empty squares). The city of Seattle,
Washington (2010 population size of 608,660) is indicated as *.
doi:10.1371/journal.pone.0110458.g001

Table 1. Structural, locational, and environmental independent variables used in the hedonic analysis of property sales price (*).

Variable Description Mean S.E.

Sales price* Selling price of the property (land + house; 2006 USD) 502312.8 23942.4

Structural

Lot size Size of a parcel (m2) 2394.5 216.2

Frontage Shoreline frontage of a property (m2) 22.0 1.1

House size Total living area (m2) 204.8 6.6

House age Age of a house (years) 39.5 1.6

Locational

Boat launch Presence of a public boat launch 0.6 0.1

Fish stocking Presence of fish stocking for recreational angling 0.7 0.1

Parcel density Number of parcels per km2 512.1 35.6

Environmental

Milfoil presence Presence of Eurasian milfoil 0.4 0.1

Lake area Surface area of a lake adjacent to the property (km2) 0.2 0.03

Temperature Mean surface water temperature during the milfoil
summer growing season (uC)

19.8 0.3

Water clarity Mean Secchi depth of the lake during the milfoil
growing season (m)

3.4 0.2

doi:10.1371/journal.pone.0110458.t001
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this effect is unlikely to be manifested our property market where

.90% of the study lakes had water clarity .2 m, with an average

of 3.4 m and little variability (SD = 0.19 m). Given this, differences

in water clarity are likely imperceptible to potential property

buyers. Lake area and water temperature were also very similar

among our lakes given their similar glacial history and elevation.

Taken together, our housing market is characterized by similar

sized lakes with good water clarity and similar water temperatures;

therefore, it is unlikely that these attributes significantly affected a

homeowner’s willingness to pay.

A series of regression models were developed and compared

using the modified Akaike’s Information Criterion for small

samples (AICc). AICc is a model selection technique based on the

trade-off between model accuracy and parsimony [40]. Akaike

weights were calculated with the AICc values to determine the

relative likelihood that each model is the best model given the data

and the other candidate models. Statistical analyses where

conducted using PASW 18 (IBM SPSS).

We estimated the aggregate cost of milfoil invading one

additional small lake in our study area by discounting a

homeowner’s willingness to pay for a property on a lake free of

milfoil by 5% (same rate as in [25]) to estimate the average annual

marginal willingness to pay, and then multiplying this annual

average with the mean number of parcels for our study lakes

(n = 80 parcels).

Results

The presence of Eurasian milfoil had a significant negative

effect on property values; mean reduction in property values was

$94,385 USD, ranging from 2$92,558 to 2$94,670 USD

according to the top three competitive models (Table 2). Based

on an average sale price of $502,313 across all study lakes, the

negative effect of milfoil presence corresponds to a 19% decline in

mean property values.

The hedonic analysis revealed that larger homes located on

lakes with larger surface areas had a significant positive effect on

property values, on average selling for $2,600 per m2 and $209,400

per km2 more, respectively (Table 2). Parcel density showed a

negligible effect on property value, whereas water clarity

negatively influenced property sales prices, though not statistically

significant. All model parameters, except for water clarity and

parcel density, reflected the anticipated directional effect on

property value (Table 1).

A homeowner’s marginal willingness to pay for a waterfront

property on a lake free of milfoil was on average $94,385 (model 1

in Table 2), resulting in an average annual marginal willingness to

pay of $4,719 (using a 5% discount rate). The aggregate cost of

milfoil invading one additional study lake was $377,542 per year

($4,719680 lakefront parcels).

Discussion

A broader understanding of the economic impacts of aquatic

invasive plants is essential for promoting changes in policy and

engaging more diverse stakeholder participation, such as lakefront

property owners and recreational boaters, in the management of

natural resources. Only until the full cost of biological invasions is

considered (i.e. beyond control expenditures), will the optimal

economical management of invasive species be possible [41]. Our

study demonstrates that aquatic invasive plants can have dramatic

economic impacts on the sale value of lakefront properties. The

presence of milfoil in a lake results in an ‘‘invisible tax’’ on the real

estate market by substantially reducing property values an average
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of over $94 thousand USD, translating to 19% decline in value.

We note that our estimates did not consider the level of infestation,

the implementation of management actions, nor the losses to

recreation.

Similar economic damages have been reported in northern

Wisconsin, where waterfront property values in a popular

recreational and rural area declined by approximately 8% after

milfoil invaded a lake [25]. Furthermore, the process of milfoil

infestation in five Vermont lakes (USA) resulted in property values

that decreased by ,1% to 16% depending on the level of

infestation [26]. Both these studies examined rural properties

containing mostly vacation homes (secondary residences) located

in forested landscapes; our study adds to this understanding by

demonstrating economic impacts to property values of primary

residences in urban settings. Taken together, the negative effect of

milfoil on property values of primary and secondary homes in

different regions and landscape settings, suggests that the

economic impacts of aquatic invasive plants are widespread and

may be greater in urbanized landscapes. We recognize that milfoil

presence/absence may overestimate economic impacts compared

to plant density [26]. Additional studies that include detailed

estimates of milfoil infestation (abundance) at the time of purchase,

distance of property to nearest milfoil colony, and the level of

property buyer knowledge of milfoil are warranted [34]. By

contrast, the economic impacts of milfoil may be undervalued if

those properties on highly infested lakes are the most difficult to

sell and therefore remain on the market.

The costs of preventing new invasions of aquatic weeds are

often thought to be greater than the benefits, thus leading to

inaction. Our study, however, indicates there are benefits to

preventing the spread of milfoil given that the invasion of one

additional study lake leads to a high aggregate cost of over $375

thousand USD annually. This aggregate cost represents a third of

the amount spent annually ($1 million USD) on managing milfoil

across Washington State [42]. The knowledge that an invasion of

milfoil can lead to a significant decline in property values provides

the public an economic incentive to invest in prevention and/or

control strategies [43]. Moreover, reductions in property values

also translate directly to substantially losses in property taxes

garnered by local governments. Thus the economic impacts of

milfoil invasions may extend well beyond the infested lakefront

properties by reducing local government revenue.

Lakefront property owners stand to benefit greatly (higher

property values) from preventing milfoil invading their lake. In

addition, it is necessary to engage recreational boaters in

prevention efforts as well regardless whether or not they live on

a lake, because they are an important dispersal vector of milfoil

and other aquatic invasive species [18,19,44]. When recreational

boaters spread milfoil into a new lake they are inadvertently

creating hidden costs (negative externalities) to other lake users of

the newly invaded lake; these costs include lower property values,

reduction of biodiversity, and diminished recreational experience,

among others.

Property owners could also benefit from aquatic weed control.

Zhang and Boyle [26] showed that control efforts on a heavily

infested lake that reduced milfoil areal coverage from 81–100% to

61–80% could offset losses to property values caused by the

invasion. Similarly, we expect that properties on lakes where

milfoil densities have been reduced will likely experience a reduced

negative price effect. We did not consider milfoil management

effects in our analysis because it requires a treatment to have taken

place before the property transaction but within the same year. If

the treatment were to take place after the transaction, the

associated benefit to a selling property would not yet be capitalized

into property price; ignoring expectations or knowledge of a

pending treatment.

A key component for long-term management of invasive species

is the participation of multiple groups representing ecological and

socio-economic perspectives [45,46]. Often, however, engaging

stakeholder groups is difficult because each entity may have

different attitudes towards invasive species and resource allocation

[47,48]. For example, a study of stakeholder perceptions about

invasive species in the Doñana wetland (Spain), revealed

remarkably different viewpoints among parties, which included

local users, tourists, and conservation professionals [49]. People

were more willing to support and pay for management of invasive

species (including eradication) when they had a higher level of

education, and a better understanding of the study. Therefore, to

successfully manage Eurasian milfoil and other invasive species it is

important to embrace the diversity of perceptions held by the

stakeholders, by employing strategies (e.g., involving stakeholders

at the beginning of the decision-making process) that promote

cooperative participation and communication among parties

[46,49].

Economic research on invasive species is essential for compre-

hensive assessments of the benefits and costs of management

strategies aimed at increasing the effectiveness of publicly funded

programs [50,51]. Prevention of future introductions and control

of existing invasions are powerful management options [52],

however, the ecological and economic benefits of these actions

must be better illustrated. Individual costs of milfoil invasions (this

study; [25,26]) coupled with local, regional and national costs

associated with lost recreation, agriculture and power generation

(e.g., [23]) make for a compelling case that even modest

expenditures on prevention could help avoid substantial economic

impacts and help preserve freshwater ecosystems. Public-derived

funding for aquatic weed management in the United States is

generally provided through state-derived sources and the creation

of Lake Management Districts that allow lake property owners to

tax themselves and other lake users to collect funds for various

prevention and control activities. Only three of our study lakes

were represented by a Lake Management District at the time of

our analysis. We recommend coordinated efforts across the

management mosaic (sensu [41]), whereby networks of Lake

Management Districts operate together to focus institutional

support, funding, and outreach to prevent the introduction and

spread of milfoil. This effort will limit opportunities for re-

introduction from neighboring lakes and incentivize homeowners

to commit time and funding to invasive species management,

including the education of transient boaters.
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6. Vilà M, Basnou C, Pyšek P, Josefsson M, Genovesi P, et al. (2010) How well do
we understand the impacts of alien species on ecosystem service? A pan-

European, cross-taxa assessment. Frontiers in Ecology and the Environment 8:
135–144.

7. Pejchar L, Mooney HA (2009) Invasive species, ecosystem services and human

well-being. Trend in Ecology and Evolution 24: 497–504.
8. Bockstael NE, Freeman AM, Koop RJ, Portney PR, Smith VK (2000) On

measuring economic values for nature. Environmental Science and Technology
34: 1384–1389.

9. Corrigan JR, Egan KJ, Downing JA (2009) Aesthetic Values of Lakes and

Rivers. In: Likens GE, editor. Encyclopedia of Inland Waters. Oxford:
Academic Press. pp. 14–24.

10. McIntosh CR, Finnoff DC, Settle C, Shogren JF (2009) Economic valuation and
invasive species. In: Keller RP, Lodge DM, Lewis MA, Shogren JF, editors.

Bioeconomics of Invasive Species: Integrating Ecology, Economics, Policy, and
Management. New York, New York: Oxford University Press. pp. 151–179.

11. Lovell SJ, Stone SF, Fernandez L (2006) The economic impacts of aquatic

invasive species: a review of the literature. Agricultural and Resource Economics
35: 195–208.

12. Rockwell HW (2003) Summary of a survey of the literature on the economic
impact of aquatic weeds. Aquatic Ecosystem Restoration Foundation. Available

at: http://www.aquatics.org/pubs/economic_impact.pdf. Accessed 2012 Oct.

13. Keller RP, Frang K, Lodge DM (2008) Preventing the spread of invasive species:
economic benefits of intervention guided by ecological predictions. Conservation

Biology 22: 80–88.
14. Connelly NA, O’Neill CR, Knuth BA, Brown TL (2007) Economics impacts of

zebra mussel on drinking water treatment and electric power generation
facilities. Environmental Management 40: 105–112.

15. Smith CS, Barko JW (1990) Ecology of Eurasian watermilfoil. Journal of Aquatic

Plant Management 28: 55–64.
16. Couch R, Nelson E (1985) Myriophyllum spicatum in North America. In:

Anderson LWJ, editor. Proceedings first international symposium watermilfoil
and related Haloragaceae species. Vicksburg, Mississippi: Aquatic Plant

Management Society. pp. 8–18.

17. Madsen JD, Smith DH (1997) Vegetation spread of Eurasian watermilfoil
colonies. Journal of Aquatic Plant Management 35: 63–68.

18. Rothlisberger JD, Chadderton WL, McNulty J, Lodge DM (2010) Aquatic
invasive species transport via trailered boats: what is being moved, who is

moving it, and what can be done. Fisheries 35: 121–132.
19. Johnson PTJ, Olden JD, Vander Zanden MJ (2008) Dam invaders:

impoundments facilitate biological invasions into freshwaters. Frontiers in

Ecology and the Environment 6: 357–363.
20. Madsen JD (1998) Predicting invasion success of Eurasian watermilfoil. Journal

of Aquatic Plant Management 36: 28–32.
21. Boylen CW, Eichler LW, Madsen JD (1999) Loss of native aquatic plant species

in a community dominated by Eurasian watermilfoil. Hydrobiologia 415: 207–

211.
22. Madsen JD, Sutherland JW, Bloodfield JA, Eichler LW, Boylen CW (1991) The

decline of native vegetation under dense Eurasian watermilfoil canopies. Journal
of Aquatic Plant Management.

23. Eiswerth ME, Donaldson SG, Johnson WS (2000) Potential environmental

impacts and economic damages of Eurasian watermilfoil (Myriophyllum
spicatum) in western Nevada and northeaster California. Weed Technology

14: 511–518.
24. Boylen CW, Mueller N, Kishbaugh SA (2001) The costs of aquatic plant

management in New York State. 51st Annual Meeting of the Aquatic Plant
Management Society, Baltimore, MD.

25. Horsch EJ, Lewis DJ (2009) The effects of aquatic invasive species on property

values: evidence from a quasi-experiment. Land Economics 85: 391–409.

26. Zhang C, Boyle KJ (2010) The effect of an aquatic invasive species (Eurasian

watermilfoil) on lakefront property values. Ecological Economics 70: 394–404.
27. Tamayo M, Olden JD (2014) Forecasting the vulnerability of lakes to aquatic

plant invasions. Invasive Plant Science and Management 7: 32–45.
28. Research WWCfRE (2009) Washington State’s housing market: a supply/

demand assessment - 4th quarter. http://www.wcrer.wsu.edu/WSHM/

2008Q4/MKTRPT08d.pdf. Accessed 2012 Oct.
29. Walton SP (1996) Aquatic plant mapping for 36 King County lakes. Seattle,

Washington: King County Surface Water Management Division.
30. Clapper J, Caudill SB (2014) Water quality and cottage prices in Ontario.

Applied Economics 46: 1122–1126.

31. Lansford NH Jr, Jones LL (1995) Recreational and aesthetic value of water using
hedonic price analysis. Journal of Agricultural and Resource Economics 20:

341–355.
32. Poor PJ, Pessagno KL, Paul RW (2007) Exploring the hedonic value of ambient

water quality: a local watershed-based study. Ecological Economics 60: 797–806.
33. Rosen S (1974) Hedonic prices and implicit markets: product differentiation in

pure competition. Journal of Political Economy 82: 34–55.

34. Halstead JM, Michaud J, Hallas-Burt S, Gibbs JP (2003) Hedonic analysis of
effects of a nonnative invader (Myriophyllum heterophyllum) on New Hampshire

(USA) lakefront properties. Environmental Management 32: 391–398.
35. Colwell PF, Dehring CA (2005) The pricing of lake lots. Journal of Real Estate

Finance and Economics 30: 267–285.

36. Bao HXH, Wan ATK (2007) Improved estimators of hedonic housing price
models. Journal of Real Estate Research 29: 267–301.

37. Griliches Z (1991) Hedonic price indexes and the measurement of capital and
productivity: some historical reflections. In: E.R B, J.E T, editors. Fifty years of

economic measurement: the jubilee of the conference on research in income and
wealth. Chicago, Illinois: University of Chicago Press. pp. 185–206.

38. James LR, Singh BK (1978) An introduction to the logic, assumptions, and basic

analytic prodcedures of two-stage least squares. Psychological Bulletin 85: 1104–
1122.

39. Leggett CG, Bockstael NE (2000) Evidence of the effects of water quality on
residential land prices. Journal of Environmental Economics and Management

39: 121–144.

40. Burnham KP, Anderson DR (2002) Model selection and multimodel inference: a
practical information-theoretic approach. New York, New York: Springer.

41. Epanchin-Niell RS, Hastings A (2010) Controlling established invaders:
intergrating economics and spread dynamics to determine optimal management.

Ecology Letters 13: 528–541.
42. Anonymous (2008) Invaders at the Gate. Available: http://www.invasivespecies.

wa.gov/documents/InvasiveSpeciesStrategicPlan.pdf. Accessed 2012 Aug.

43. Provencher B, Lewis DJ, Anderson K (2012) Disentangling preferences and
expectations in stated preference analysis with respondent uncertainty. The case

of invasive species prevention. Journal of Environmental Economics and
Management 64: 169–182.

44. Leung B, Bossenbroek JM, Lodge DM (2006) Boats, pathways, and aquatic

biological invasions: estimating dispersal potential with gravity models.
Biological Invasions 8: 241–254.

45. Bremner A, Park K (2007) Public attitudes to the managemnt of invasive non-
native species in Scotland. Biological Conservation 139: 306–314.

46. Stoke KE, O’Neill KP, Montgomery WI, Dick JTA, Maggs CA, et al. (2006)
The importance of stakeholder engagement in invasive species management: a

cross-jurisdictional perspective in Ireland. Biodiversity and Conservation 15:

2829–2852.
47. Selge S, Fischer A, van der Wal R (2011) Public and professional views on

invasive non-native species: a qualitative social scientific investigation. Biological
Conservation 144: 3089–3097.

48. Verbrugge LN, Van den Born RJ, Lenders HJ (2013) Exploring public

perception of non-native species from a visions of nature perspective. Environ
Manage 52: 1562–1573.
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