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Abstract

1. Birdwatching—a cultural ecosystem service—is among the most popular outdoor

recreational activities. Existing economic valuations of birdwatching typically
overlook the economic contributions of birdwatchers travelling to see vagrant

(out-of-range) birds.

. Economic valuations of vagrant birdwatching are few, and to date, no valuation of

a large, charismatic vagrant species—or of a recurring individual vagrant bird—has

been reported.

. During 2020-2022, a vagrant Steller's Sea-Eagle (Haliaeetus pelagicus) was re-

ported in several locations in North America, representing the first record of this
species in these locations. In Winter 2020-2021, the eagle spent nearly a month
on the eastern seaboard of the United States, and thousands of people travelled

to see it.

. We conducted an online survey of individuals who travelled to see the eagle to

estimate the individual and collective non-consumptive use value of this vagrant
birdwatching event. Using individual travel cost methodology, we estimated an
average individual expenditure and, together with estimates of the total number
of birdwatchers, we estimated non-consumptive use value of the vagrant bird-
watching event. Finally, we used a willingness to pay framework (via hypotheti-
cal donations to view the eagle) to evaluate the non-consumptive use consumer

surplus of the event.

. We estimated that, on average, individual birdwatchers spent $180 USD (95%

Cl=$156-$207) ignoring travel time—or $277 (95% Cl=$243-$314) when ac-
counting for travel time—to view the eagle. Furthermore, we estimated between
2115 and 2645 individuals travelled to see the eagle during December 2021 to
January 2022. Thus, we estimated that the eagle generated a total expenditure
between $380,604 and $476,626, or between $584,373 and $731,809 when ac-
counting for travel time. Finally, based on travellers' willingness to pay, we esti-
mated a non-consumptive use consumer surplus of the event between $139,036
and $174,114.
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1 | INTRODUCTION

Ecosystem services—the benefits humans receive from nature—
are recognized as life-supporting processes that improve human
well-being, support economic development, and reduce global pov-
erty (Braat & De Groot, 2012; Carpenter et al., 2009; Daily, 1997,
Reid, 2005; Turner & Daily, 2008). Conservation scientists and pol-
icymakers have emphasized the role of natural capital, which pro-
vides ecosystem services, to integrate these services into decision
and policy contexts (Guerry et al., 2015). For example, financial
capital can be derived from tourism and outdoor recreation (natural
capital), which can then be used to support ecosystem restoration
and wildlife management, generating additional natural capital
(Costanza et al., 1997; Daily & Matson, 2008). Ecosystem services
are provided by many taxa and ecosystems globally, but birds—as
a widespread and charismatic taxon—play an especially important
role in each of the four ecosystem services categories defined by
the United Nations Millennium Ecosystem Assessment: provision-
ing, regulating, cultural and supporting services (Reid, 2005; Wenny
et al., 2011; Whelan et al., 2008, 2015). For example, domestic fowl
and wild game birds provide provisioning services as major sources
of nutrition globally, while scavengers (e.g. vultures, corvids) provide
regulating services by consuming carcasses (Whelan et al., 2008).
Birds also provide cultural services, or non-material benefits to hu-
mans through activities such as recreation, which in turn can gener-
ate large economic contributions (Sekercioglu, 2002). Birdwatching,
a major cultural service, has long been among the most popular out-
door recreational activities in the United States, with an estimated
46 million birdwatchers generating $85 billion (USD) per year in
overall economic output (La Rouche, 2003).

Assessing the economic value of ecosystem services provides
a foundation for policymakers and business leaders to include con-
servation actions in land-use and development decisions (Wenny
et al., 2011). While land managers frequently compare the costs and
benefits of alternative land-use decisions for avian populations (e.g.
Nichols & Williams, 2006), the valuation of birdwatching is often
overlooked in such decisions. Additionally, birdwatching valuations
often do not focus on specific geographic locations or species, and
moreover fail to account for the ephemeral cultural services pro-
vided by vagrant species (species found outside of their typical geo-
graphic range; Lees & Gilroy, 2022). Travelling to see vagrant species
is highly valued by birdwatchers, and recent evidence suggests that
such activities generate considerable economic value that could

6. Assigning economic value to nature gives policymakers and business leaders
footing to advance conservation in decision-making. Although often overlooked
in these decisions, vagrant birds supply ephemeral ecosystem services that might
bolster community development efforts, particularly if vagrancy events occur

with some predictability (e.g. recurring annually).

birdwatching, ecological economics, ecosystem services, recreational tourism, vagrant birds

be leveraged in land-use planning decisions (Callaghan et al., 2020;
Lees & Gilroy, 2022; Schwoerer & Dawson, 2022). Importantly, va-
grant birds often appear in locations (e.g. rural towns) and/or sea-
sons that do not receive much tourism, providing a novel—although
typically ephemeral—source of economic activity. These ephemeral
ecosystem services—short-lived and often unpredicted services—
may become more permanent if the location develops a reputation
for attracting vagrant species (Laney et al., 2021), if a high-profile
vagrant returns in successive seasons, or if birdwatchers return to
the location for non-vagrant birdwatching or other activities (Lees
& Gilroy, 2022). Nonetheless, economic valuations of vagrant bird-
watching are few and have been limited to esoteric species that are
of interest primarily to dedicated subsets of the birdwatching com-
munity (Callaghan et al., 2018, 2020). To date, no valuation of large,
charismatic vagrant species has been reported. We seek to fill this
gap by performing an economic valuation of a Steller's Sea-Eagle
(Haliaeetus pelagicus; hereafter ‘eagle’) that appeared in the United
States in 2020 (Figure 1).

During August 2020, one observer photographed a Steller's Sea-
Eagle near the Denali Highway, Alaska, USA (Figure 1). The report
caused a considerable stir in the birdwatching community but was
not unprecedented. The species, which has a global population of
only 3000-5000 individuals (BirdLife International, 2021), had been
observed in Alaska several times previously, although its typical geo-
graphic range comprises northeast Asia along the Kamchatka Penin-
sula of Russia and the Sea of Okhotsk (BirdLife International, 2021).
The same individual eagle was photographed in March 2021 in Vic-
toria, Texas, United States—more than 5000km from the original
sighting and 8000km from its typical range—a first record for the
lower 48 contiguous states. The eagle reappeared some 3500km
away in June 2021 in New Brunswick, Canada, representing the
first record for Canada (Figure 1). Throughout the remainder of the
summer of 2021, the eagle was sporadically seen in the Atlantic
provinces of Canada before moving south to the New England sea-
board of the United States, being seen in Massachusetts in Decem-
ber 2021, and then lingering for weeks along coastal Maine in early
2022 (Figure 1). The various sightings have been confirmed as the
same individual bird through careful inspection of plumage patterns
on the bird's wings from photos (Bretagnolle et al., 1994).

The vagrant eagle's story is unprecedented in birdwatching history.
The duration of the eagle's wanderings (and known whereabouts) al-
lowed for birdwatchers and wildlife enthusiasts to attempt to see the
eagle at various locations and times of the year, which is uncommon
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FIGURE 1 The Steller's Sea-Eagle's
(Haliaeetus pelagicus) journey across North
America during August 2020-January
2022. Each black pin-drop represents the
location of reporting for the individual
eagle along with the date of the
observation. The colour of the transition
line matches the colour of the marker on
the timeline.

for many vagrant sightings. Additionally, the charisma of the eagle at-
tracted national media attention, creating widespread interest in the
location and well-being of the individual bird (Gamillo, 2021; National
Public Radio, 2022). The uniqueness of this event provided an oppor-
tunity to explore the role of charismatic vagrant birds in conservation,
land-use planning and local economies. Here, we surveyed individuals
who travelled to see the eagle to (1) understand sociodemographic
drivers of travelling birdwatchers, (2) estimate the total number of indi-
viduals attempting to see the eagle and (3) estimate the individual and
collective non-consumptive use value as well as the non-consumptive

use consumer surplus of this event.

2 | METHODS
2.1 | Questionnaire

Our study focuses on birdwatchers who travelled to see the eagle
between December 2021 and January 2022 in Massachusetts and
Maine, USA. In Massachusetts, the eagle was reported on 12 De-
cember and stayed for 8days on the Taunton River near Dighton
Rock State Park. Then, following 10 days of no reports, the eagle was
reported in Maine on 30 December 2021 and was present for just
over 3weeks, being reported primarily near Georgetown, Southport
and the Maine State Aquarium, Boothbay Harbor and Ocean Point
Preserve.

.The Eagle is first reported on
Denali Highway

Following more than 6
months, the Eagle was
reported in Victoria, Texas

Mid-summer 2021, the Eagle
was again reported on the
Gaspé Peninsula, Quebec

Several months passed
before a new report in Nova
Scotia

Our study begins here:
Taunton River,
Massachusetts

During nearly a month on
Coastal Maine, many saw the
eagle here

We used Survey Monkey (SurveyMonkey, Inc.) to collect anony-
mous survey responses from individuals who attempted to see the
eagle during December 2021-January 2022 in the United States. All
individuals consented to participating and the questionnaire was re-
viewed and approved by a university ethics committee for human
subjects research. We focused on this period because the eagle
stayed in several nearby locations for an extended period of time,
allowing individuals to plan trips to see the eagle; this time period
also coincided with the height of the media attention, potentially
further motivating individuals to see the eagle. Survey responses
were collected for 2weeks from 26 January to 9 February 2022; we
shared our survey on social media platforms (e.g. Twitter, Facebook,
GroupMe) and email listservs (e.g. Ecolog). We increased reach by
directly sharing with established birdwatching communities, state
and regional birdwatching organizations, and discussion threads of
the eagle. However, no in-person, on-site surveys were conducted.

Questions were adapted from previous research that assessed
non-consumptive use value of vagrant bird events to enhance direct
comparisons (e.g. Callaghan et al., 2020; Czajkowski et al., 2014). Our
survey was developed to elicit responses on (1) timing, location and
effort of an individual's attempt(s) to see the eagle, (2) expenditures
associated with their effort, (3) the individual's birdwatching habits
and motivations, (4) sociodemographic variables, (5) the number of
other birdwatchers they observed on-site and (6) non-consumptive
use consumer surplus. The full questionnaire is available as a Sup-
porting Information.

85UB01 7 SUOWIIOD BAFeR.D 8|l jdde aup Aq paueAob 8e sa e YO ‘88N JO S3|NnJ 10} Areiq1 8UIIUQ A1 UO (SUORIPUOD-PUR-SWLBH WD A8 1M A RIq 1 BU1IUO//SANY) SUORIPUOD PUe WS | 8L} 88S *[£202/60/8T] U0 AfiqI8UIUO AB|IM ‘2250T €Ued/Z00T OT/I0P/WoD A8 | Im AReiq 1 pul luO'S feuIno ke sdny wouy papeojumoq ‘0 ‘vTE8S.Se



4 People and Nature

PEASE ET AL.

We asked individuals about their visit details including the date
and location of visit, amount of time they spent observing the eagle,
and whether they made multiple trips. We also asked individuals to
estimate the number of other birdwatchers observed during their
trip; this information was used to estimate the total number of indi-
viduals who travelled to see the eagle (details below). For each trip,
we also asked individuals to estimate all expenditures including fuel,
airfare, meals (e.g. prepared, dining out, fast food), and lodging. Fur-
thermore, we asked whether the individual carpooled and, if so, how
many individuals were in the vehicle; this information was used to
apportion travel costs across the number of individuals in the ve-
hicle. Next, we asked the individuals to describe their birdwatching
habits, including (1) number of years birdwatching, (2) whether or not
they kept bird lists, (3) whether they were a member of birdwatching
organizations, (4) whether they reported their eagle observation to
the eBird database and (5) whether they posted about their trip on
Twitter. Survey responses were used to describe birdwatching be-
haviour, estimate the number of visitors to the eagle, and estimate
the economic impact of the vagrant event.

Finally, we estimated the non-consumptive use consumer sur-
plus of the event by measuring visitors' willingness to pay to view the
eagle through hypothetical monetary donations. Non-consumptive
use consumer surplus refers to the non-consumptive use value be-
yond trip expenditures and builds upon economic theory suggesting
that expenditures plus consumer surplus equals total willingness to
pay (Boyle, 1998; O'Donnell, 2016). Previous vagrant bird studies
have referred to this value as the conservation potential of the event,
assuming that the donations would support conservation through
protection efforts (e.g. land purchases; Callaghan et al., 2020). We
asked whether individuals would be willing to pay a fee of $5, $25,
$50, $75, $100 or $200 to view the eagle, using the same wording
for each amount. For example, we asked, ‘Would you be willing to
pay $5 to view the eagle?’. To calculate overall non-consumptive use
consumer surplus, we used the proportion of respondents in each
willingness to pay level (e.g. $5, $100) to sum the product estimated
funds at each level and the estimated number of visitors.

2.2 | Visitor estimation

Estimating the total expenditure by birdwatchers attempting to see
the eagle (i.e. beyond those who responded to our survey) required
estimating the total number of birdwatchers who attempted to see
the eagle. To account for uncertainty, we used three approaches to
estimate the total number of visitors: (1) eBird records, (2) Twitter
data and (3) responses from our survey.

First, we queried the eBird database through the eBird Basic
Dataset for observations of Steller's Sea-Eagles in North America
from 1 December 2021 to 9 February 2022 (Cornell Lab of Ornithol-
ogy, 2022). Once downloaded, we used the R package auk (Strimas-
Mackey et al., 2018) to filter observations to a bounding box
encompassing northeastern United States (-98.26, 31.63, -50.12,
50.19). From this, we stored the total number of unique users rather

than the total number of observations, since some individuals made
multiple reports of the eagle. We then divided the total number
of users by the proportion of survey respondents who stated that
they submitted their observation of the eagle to eBird to estimate p,
which we can view as ‘reporting proportion’. Then, borrowing from

the wildlife population literature, we can assume that the population
c
p
where ¢ represents the count of eBird users reporting a Steller's

size (i.e. total number of birders) follows the relationship of N = =,
Sea-Eagle, p is the proportion of individuals reporting to eBird and N
being the total number of individuals visiting the eagle. For example,
if 400 individuals reported on eBird and our survey indicated that
80% of respondents reported to eBird, then we would estimate a
total of 500 birders attempted to see the eagle. We used this same
logic and approach for the following two datasets.

Second, we applied the same approach to Twitter data, using
survey responses to calculate a proportion of visitors reporting on
Twitter to the number of tweets indicating visitation to the eagle.
To access Twitter data, we used the Academic Research developer
access and the R package academictwitteR (Barrie & Ho, 2021) to
query the APIl. We used the get_all_tweets function with the follow-
ing arguments: query = “Steller's Sea Eagle” OR “stellers sea eagle”
OR “#StellersSeaEagle”, start_tweets at 2021-12-01, end_tweets
at 2022-02-09, n=10,000, and FALSE for is_retweet, is_reply and
is_quote. From these results, we then searched the tweet strings for
“we”, “chase”, “chased”, “saw”, “seeing”, “see”, “finding”, “find”, “drive”,
“travel*”, where * indicates a wild card ending. Using these tweets,
we calculated the number of unique users and compared this against
the proportion of survey respondents who indicated that they
tweeted about their attempt. Again, this resulted in an estimate of
the total number of individuals visiting the eagle.

Finally, we used the counts of birdwatchers reported by our sur-
vey respondents in the survey question, ‘Approximately many other
birdwatchers did you see while observing the eagle?’. Using the date
supplied by the respondents, we grouped across days to identify an
average number of birdwatchers reported for each day. That is, on a
given day (e.g. 10 January) we may have had several survey respon-
dents report the number of other birders they saw while attempting
to see the eagle. This, for example, could have been ‘40’ and ‘200’,
in which we would have applied an average value of ‘120’ birders for
10 January. We did not use the maximum number of birdwatchers
reported each day to avoid bias from overcounts by respondents;
by doing so, we believe that our estimates from this data source are
conservative. Finally, we summed the average daily values (e.g. 120
birders) across the range of dates of interest (i.e. December 2021

and January 2022) to estimate a total number of visitors to the eagle.

2.3 | Non-consumptive use value

Vagrant birdwatching requires indirect market-price analyses,
such as revealed preference valuation techniques, since the value
of this ecosystem service must be indirectly estimated because
the experience of viewing a vagrant bird is not directly bought or
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sold in a market (Field, 2008). The travel cost approach has tradi-
tionally been applied to estimate the value of recreation because
it is based on observed market behaviour of a cross-section of
users in response to direct out-of-pocket and time cost of travel
(Englin & Cameron, 1996; Field, 2008; Parsons, 1991; Willis &
Garrod, 1991). This non-market approach assumes that the sum of
travel-related expenses associated with a recreation experience
represents the minimum amount an individual values the recrea-
tion experience. We used the individual travel cost method to eval-
uate the average total costs incurred by individuals (or groups of
individuals, e.g. carpooling) attempting to see the eagle (Willis &
Garrod, 1991). We estimated two measures of individual expendi-
ture: direct monetary costs of the trip (e.g. fuel, food) and direct
monetary costs plus the opportunity cost of travel time to see the
eagle.

For estimating direct monetary costs, we used questionnaire
responses about total expenditures (e.g. fuel, food and lodging)
and travel points of origin. We first calculated road distance trav-
elled between respondents' home zip code and the eagle's zip
code using the gmapsdistance (Melo & Zarruk, 2022) package;
gmapdistance also gives estimated driving times between two lo-
cations which is how we calculated travel time. In processing dis-
tance, all zip codes needed to be geocoded to return the latitude
and longitude of the zip code centroid; this was completed using
the R packages opencage (Possenriede et al., 2021) and zipcodeR
(Rozzi, 2021). Once the distance was calculated, we then calcu-
lated an automobile operating cost, which was the product of the
round-trip travel distance and the standard operating cost of an
automobile, excluding fuel ($0.396/km; National Transportation
Statistics, 2021). For estimating the opportunity cost of time, in
addition to the expenditures listed above, we included an aver-
age hourly wage rate using values supplied in the questionnaire.
For individuals who did not report their hourly wage or reported
an imprecise value (e.g. ‘<$500’), we applied the federal average
hourly wage rate which was based on the 2020 median house-
hold income and the federal average number of work hours a year
($68,703 / 2087 h=$32.92/h; Semega et al., 2020, U.S. Office of
Personnel Management, 2022). We used this wage value and ac-
counted for the amount of travel time, estimated in the gmapdis-
tance package, required between the respondent's and the eagle's
zip codes. Thus, the opportunity cost of time was a product of
the hourly wage and the time spent travelling. For individuals who
reported air travel as their primary mode of transportation, we
calculated flight time between the nearest international airport
to the respondent's home zip code and Boston International Air-
port; given that no details were provided on departure and arrival
airports in the questionnaire, we assumed these locations, which,
although potentially inaccurate (e.g. landing at a different airport),
the time difference associated with different departure and arrival
locations is likely minimal.

We used a Bayesian linear model to estimate an adjusted mean
individual expenditure to facilitate predictions across a larger pop-
ulation of birdwatchers. We modelled a respondent's expenditure

(log transformed) as a linear function of (1) whether the respondent
took an overnight trip, (2) gender, (3) marital status, (4) employment
status, (5) highest level of education, (6) whether the respondent
carpooled and (7) age group. We included the former six variables
as factors in the model but included age as a monotonic effect (i.e.
an ordered categorical variable) to reflect the sequential nature
of age (Burkner & Charpentier, 2020; McElreath, 2020). We used
standard weakly informative priors for all model parameters (McEl-
reath, 2020). Within the model, we computed the mean predicted
expenditure and multiplied it by the estimates of the total number
of birdwatchers who attempted to see the eagle (three estimates:
from eBird, Twitter and the respondents' estimates) to produce a
posterior distribution for the estimated collective non-consumptive
use value. We implemented the model in Stan using the rstan pack-
age (Carpenter et al., 2017). Data and code are available at https://
github.com/BrentPeasel/sea_eagle.

3 | RESULTS

3.1 | Survey responses and sociodemographic
characteristics

We received 680 responses during a 2-week period (48 responses/
day); 70% of the responses were complete, resulting in 469 usable
responses for analyses. Over half of the respondents were above the
age of 55 and the majority (92%) were white or Caucasian (Table 1).
Respondents were more commonly women (57%) than men, most
were married (60%), either employed full-time (40%) or retired (34%),
and college educated (87%; Table 1). Forty-five per cent of respond-
ents reported being a birdwatcher for 10years or less (Table 1), but
most self-identified as expert birdwatchers with over 80% keeping a

bird list (e.g. life list, county list).

3.2 | Trip details

Twenty-four respondents (5%) reported travelling by air with the
remaining 95% travelling by vehicle. The mean one-way driving dis-
tance between a respondent's home zip code and the eagle viewing
location was 548km (SD =593 km), with a maximum reported one-
way distance of 2354 km (Figure 2). Eighty-two respondents (17%)
reported a one-way driving distance of less than or equal to 100km,
with just 5% of respondents reported staying in their home zip
code to view the eagle. The most common (16%) round-trip driving
distance was 400-600km, but only 34% of respondents reported
an overnight stay during their trip. Nearly 72% of respondents re-
ported food expenses; 28% indicated bringing food with them and
not purchasing while on the trip. Most respondents (95%) reported
the eagle as their sole reason for taking the trip and were primar-
ily motivated by the rarity of the species and the unlikely event of
encountering the species again. Approximately 67% of respondents
reported successfully seeing the bird.
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TABLE 1 Sociodemographic characteristics of 469 respondents
to a survey of vagrant birdwatching in the United States during
December 2021-January 2022. For each characteristic, we report
the per cent of respondents in a given category such that each
characteristic sums to 100.

Characteristic % Respondents

Age
18-24 6
25-34 13
35-44 13
45-54 14
55-64 28
65+ 27

Gender
Man 40
Woman 57
Other 3

Race
Asian or Pacific Islander 2
Hispanic or Latino <1
Biracial or Multiracial 1
Native American or Alaskan Native <1
White or Caucasian 92
| would rather not say 3
Not reported <1

Marital status

Married 60
Single 33
Other 7

Employment status

Employed full-time 40
Employed part-time 7
Retired 34
Self-employed 11
Student
Unemployed 4
Education
High school 9
Bachelor's degree 39
Master's degree 34
Doctoral degree 14
Other 3

Years birdwatching

0-10 45
11-20 17
21-30 12
31-40 8
41-50 12
50+ 6

3.3 | Number of visitors

The three approaches to estimating the total number of visitors—
eBird, Twitter and respondents' counts—produced similar estimates
of the number of birdwatchers. For eBird, 44% of respondents re-
ported submitting their observation to the database, resulting in
an estimated 2112 birdwatchers visiting the eagle. With 10% of
respondents posting observations to Twitter, the greatest estimate
of visitors resulted from this database at 2645 visitors. Using re-
spondents' estimates of the number of other birdwatchers present
during their visit resulted in an estimated 2303 visitors. Averaging
across the methods, we conservatively estimate that 2350 visitors
attempted to see the eagle in Massachusetts and Maine during De-
cember 2021 and January 2022.

3.4 | Non-consumptive use value

Using the number of visitors and respondents' reported expenses,
we estimated individual and collective non-consumptive use value
of the eagle. First, we estimated adjusted mean individual expendi-
ture of $180 (95% Cl=%$156-$207) ignoring travel time and $277
(95% Cl=$243-$314) when accounting for travel time. Multiplied
by the three estimates of the number of birdwatchers, we estimated
that the eagle generated a total expenditure between $380,604 and
$476,626 when not including travel time and between $584,373 and
$731,809 when accounting for travel time (Figure 3). Allowing for un-
certainty and including the cost of travel time, the non-consumptive
use value could be as high as $830,499 (Figure 3). Respondents re-
ported an average of $84 spent on food (SD=$88; n=336) and $261
on lodging (SD=$201; n=130). Additionally, respondents reported
spending an average of $68 on fuel (SD=$83; n=428) and 24 re-
spondents spent an average of $619 on airfare (SD=$342).

Respondents additionally reported on their willingness to pay to
view the eagle (i.e. their non-consumptive use consumer surplus).
The majority (92%) of respondents indicated that they would be will-
ing to donate at least $5 dollars to view the eagle, with 34% willing to
donate $100 and still 16% willing to donate $200 to view the eagle
(Figure 4). Expanding this across the estimated number of individuals
visiting the eagle, and assuming this behaviour is consistent across
all visitors, we estimate a non-consumptive use consumer surplus
ranging between $139,036 and $174,114.

4 | DISCUSSION

Here, we estimated the economic activity generated from bird-
watchers travelling to see a rare, charismatic vagrant bird—the Stel-
ler's Sea-Eagle—to be between $380,000 and $732,000 during
a 2-month period in the United States. This is significant because,
although traditionally an area of frequent nature-based tourism

(e.g. visitation to National Parks), December through January is the
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FIGURE 2 A map of the home zip code
of 469 respondents to a survey of vagrant
birdwatching of a Steller's Sea-Eagle
(Haliaeetus pelagicus) in the United States
during December 2021-January 2022.
The inset within the figure is a zoomed-

in view of the Northeast United States
where a majority of respondents started
their trip. We additionally differentiate
between individuals who reported flying
versus driving.

Transportation Mode

Driving
* Flying

Time

Number of observers
estimated from

No time =@- Birders (mean)
“0- eBird

=@= Twitter

4 5 6 7 8
Total expenditure (Hundreds of thousands USD)

FIGURE 3 Estimated total economic expenditure of a vagrant
birdwatching event of a Steller's Sea-Eagle (Haliaeetus pelagicus)

in the United States during December 2021-January 2022 using
individual travel cost methodology combined with estimates

of the total number of individuals travelling to see the bird. We
used three sources of information to estimate the total number

of birdwatchers: eBird, Twitter and survey questions prompting
estimates of the number of birdwatchers present during their visit.

off-season, thus providing a surge in economic activity. Addition-
ally, through self-reported hypothetical donations, we estimated
the non-consumptive use consumer surplus of this event between
$139,000 and $174,000. Importantly, these values reflect only non-
consumptive use, which is a subset of overall total economic value
which is presumed to be much higher than our estimates (Barbier
et al., 1997). No other documented single event of vagrant bird-
watching has generated this level of economic activity, highlighting
a potential and hitherto largely unrecognized role of bird vagrancy
as an ephemeral ecosystem service. At the current writing (February

2023), the eagle has returned to within several kilometres of its
previous haunts in coastal Maine, once again attracting hundreds
of visitors (Maine Audubon Society and Hitchcox, 2023). Given that
eagles are long-lived (e.g. the longevity record from banding records
for Bald Eagle is 38 years; United States Geological Survey, 2022), it
is thus possible that birders will travel to see the eagle for years to
come should it stay on the Atlantic seaboard.

Recent decades have seen considerable growth in birdwatcher
interest in vagrant bird discovery and chasing, likely a result of in-
creasingly rapid dissemination of vagrant bird information, height-
ened attention to biodiversity loss and a growing global community
of birdwatchers (Howell et al., 2014; Lees & Gilroy, 2022). Continued
studies of vagrancy are incrementally demystifying its biological
drivers (Tonelli et al., 2023) and ecological implications, and we em-
phasize that understanding the socioeconomic effects of vagrancy
can support decision-making in land-use planning (Elix & Lam-
bert, 2007; Istomina et al., 2016; Underwood et al., 2011), improve
local community ecotourism (Biggs et al., 2011; Schwoerer & Daw-
son, 2022; Sekercioglu, 2002; Wenny et al., 2011) and encourage
species conservation (Ocampo-Pefiuela & Winton, 2017).

Most of the survey respondents were 55 and over, white, mar-
ried with secure employment, and well-educated. Overall, the socio-
demographic make-up of our respondents was characteristic of the
birdwatching community (Callaghan et al., 2018; Sekercioglu, 2002).
However, unlike typical vagrant birdwatchers, most of the re-
spondents reported relatively less experience and commitment to
birdwatching (Brock et al., 2021). For example, most respondents
reported less than 10years of birdwatching experience, and 60% of
the respondents reported having a membership in a birdwatching
group, which is markedly lower than previous studies evaluating
economic potential of vagrant birdwatching (Callaghan et al., 2018).
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FIGURE 4 The theoretical donation values (y-axis) and the
proportion of survey respondents willing to pay the values to view
a Steller's Sea-Eagle (Haliaeetus pelagicus) in the United States
during December 2021-January 2022. These values represent a
species' conservation potential (non-consumptive use consumer
surplus) as donations may be given to a non-governmental
organization for land protection and species conservation.

In contrast, 80% of respondents kept some bird list (e.g. county, life)
and reported vagrant birdwatching outside of their home zip code
five or more times per year, suggesting that species rarity, vagrant
bird watching and building life-lists were important contributions to
the economic valuation of this event.

Recreation and tourism attributed to the eagle made a notable
economic contribution ($381,539-$477,799) to local communities
throughout Maine and Massachusetts, USA, which was substan-
tially larger than previous estimates of the economic contributions
of other vagrant birdwatching events (Brock et al., 2021; Callaghan
et al., 2018, 2020). The magnitude of this economic contribution
was primarily a result of the total number of visitors rather than
individual expenditures. In our study, mean individual expendi-
tures and the categorical breakdown of these expenditures were
comparable to other documented events. For example, trips to
see a vagrant Black-backed Oriole (Icterus abeillei) in Pennsylva-
nia, USA generated an average individual expenditure of $69-$75
(Callaghan et al., 2018), while a vagrant Aleutian Tern (Onychoprion
aleutica) in Australia generated an average individual expenditure
between $371 and $435 (Callaghan et al., 2020). In comparison,
general birdwatching trips (i.e. not targeting an individual bird) in
Alaska, USA during 2016 resulted in average individual expendi-
tures of $1694 (Schwoerer & Dawson, 2022). While this and some
previous studies accounted for the opportunity cost of travel time

from their home zip code to see the bird, additionally accounting for

the length of trip and return travel time would have been needed
to fully characterize this cost. We chose to focus explicitly on this
event rather than total travel time because several respondents re-
ported engaging in other activities while on their travel to see the
bird, and any expenses and/or time associated with those activities
fell into a ‘non-birdwatching’ category, which would have inflated
the value of the event. Although recreation and tourism activities
generated by vagrant species have the potential to contribute to
community socioeconomic development, they are irregular events
that may be poorly predicted (but see Tonelli et al., 2023), and re-
alization of these benefits requires investments in the capacity of
communities for sustainable tourism development. This calls for
policies aimed at building community resilience through the devel-
opment of community capital assets and local institutional capacity
(Akamani, 2012; Bennett et al., 2012).

We also evaluated the non-consumptive use consumer sur-
plus of this event, conceptualized as the theoretical donation that
visitors would be willing to pay to view and protect the eagle, to
replicate previous research who sought to quantify the conserva-
tion potential of vagrant birdwatching. Results from our study were
nearly identical to previous efforts (Callaghan et al., 2020), despite
the vagrant birdwatching events taking place on different conti-
nents (North America vs. Australia), suggesting broad consistency
in birdwatcher behaviour and willingness to protect and conserve
bird species. For example, 34% of our respondents indicated that
they would be willing to pay $100 USD to view the eagle, while
35% of respondents reported a willingness to pay $100 AUD to
view a vagrant Aleutian Tern in Australia, demonstrating that va-
grant birdwatching may be an important source of future fundrais-
ing for bird conservation agencies across the world if implemented
(Steven et al., 2013). Practical implementation of this approach
might entail local birdwatching organizations supporting ‘rare bird
ambassadors’ who coordinate with birdwatchers and local commu-
nities to identify fundraising goals and mechanisms for collecting
donations (Ontario Field Ornithologists, 2022). While employing
this approach allowed for direct result comparison, it may have in-
troduced additional hypothetical bias compared to more updated
contingent valuation approaches such as double-bounded dichoto-
mous choice. Future studies should seek to improve their estimates
of non-consumptive use consumer surplus using these updated
methods, thus improving point estimates, and allowing for cross
method comparisons.

Vagrant birdwatching can be a high-carbon hobby, espe-
cially when individuals use air travel as their primary form of
transportation. That is, individuals engaging in vagrant bird-
watching often need to leave their primary home zip code via
some mode of transportation, usually other than walking or
biking (Lees & Gilroy, 2022). Within this case study few indi-
viduals booked airfare to see the eagle, whereas almost 95% of
individuals reported taking a personal vehicle, many of whom
carpooled with friends and family. Previous research evaluat-

ing carbon emissions from nature-based recreation has several
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recommendations for reducing emissions, including increasing
vehicle occupancy, using newer cars with higher fuel efficiency,
and using public transportation when available (Grizane & Blum-
berga, 2020). As the excitement around vagrant events grows,
the carbon-cost associated with travelling to see the species
may eventually offset the ecosystem services generated from
the event, and future research should evaluate benefit-cost
ratios of economic activity to carbon emissions in the pursuit
to see vagrant bird species. Although it may generate less eco-
nomic activity, low-carbon forms of travel (e.g. biking) should
be considered by the birdwatching community as they consider
whether to chase a vagrant bird. As we continue to see impact
of global climate change, changing the ways in which birdwatch-
ers travel to see birds and define species rarity may be a solu-
tion. Although birdwatchers who stay local will likely encounter
fewer continental-scale vagrants, local rarities can still provide
excitement and birdwatching motivation.

Birdwatching will continue to be an important ecosystem ser-
vice provided by birds so long as species and places are protected.
Vagrant species are an exciting part of birdwatching and can raise
the profile of birdwatching, species conservation and outdoor recre-
ation to the general public. Our research contributes to the increas-
ing evidence that vagrant birdwatching is valuable and should be
considered in the context of ecosystem services, land-use planning
and conservation decision-making. While circumstances around this
vagrant event allowed for a prolonged opportunity for birdwatch-
ers across the United States to attempt to see the eagle, resulting
in significant economic activity, future research might attempt to
estimate economic value of all vagrant birdwatching. For example,
estimating the total economic value associated with all vagrant birds
for a given year could contribute to large-scale ecosystem service
modelling and mapping. Another important question pertains to the
ephemeral nature of the services provided by vagrant birds: since
the occurrence of vagrant birds is temporary and unpredictable in
space and time, the capacity of local communities to capitalize on
vagrant birdwatching as a source of revenue may be limited unless
vagrant events alter the behaviour of birdwatchers. Moreover, ex-
panding the scope of ecosystem services research to include vagrant
birdwatching—often an ephemeral activity—may motivate develop-
ment in research on and capture of dynamic ecosystem services.
Most research on ecosystem services focus on static snapshots of
ecosystem service supply and demand (Rau et al., 2018, 2020; Re-
nard et al., 2015); a recent literature review noted that only 2% of
studies engaging with the ecosystem services concept considered
temporal changes in ecosystem services (Rau et al., 2020). As va-
grancy in birds is expected to increase with global change (Lees &
Gilroy, 2022), continued study of the social and ecological implica-
tions of this phenomenon will support the conservation of places

and species.

AUTHOR CONTRIBUTIONS
Brent S. Pease conceived the idea and led the writing with edits from
all co-authors; Brent S. Pease, Neil A. Gilbert, William R. Casola and

Kofi Akamani designed the study and supported the data collection;
and Neil A. Gilbert and Brent S. Pease analysed the data. All authors

gave final approval for publication.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

All data, R code and survey questionnaire are available at https://
github.com/BrentPeasel/sea_eagle and a release is archived at
https://zenodo.org/badge/latestdoi/462378107.

ORCID
Brent S. Pease
Neil A. Gilbert

https://orcid.org/0000-0003-1528-6075
https://orcid.org/0000-0003-0949-5612

REFERENCES

Akamani, K. (2012). A community resilience model for understanding
and assessing the sustainability of forest-dependent communities.
Human Ecology Review, 19, 99-109.

Barbier, E. B., Acreman, M., & Knowler, D. (1997). Economic valuation of
wetlands: A guide for policy makers and planners. Ramsar Convention
Bureau Gland.

Barrie, C., & Ho, J. C. (2021). academictwitteR: An R package to access
the twitter academic research product track v2 APl endpoint.
Journal of Open Source Software, 6, 3272.

Bennett, N., Lemelin, R. H., Koster, R., & Budke, I. (2012). A capital assets
framework for appraising and building capacity for tourism devel-
opment in aboriginal protected area gateway communities. Tourism
Management, 33, 752-766.

Biggs, D., Turpie, J., Fabricius, C., & Spenceley, A. (2011). The value of av-
itourism for conservation and job creation—An analysis from South
Africa. Conservation and Society, 9, 80-90.

BirdLife International. (2021). Haliaeetus pelagicus. The IUCN Red List of
Threatened Species 2021: e.T22695147A204871862.

Boyle, K. J. (1998). 1996 Net economic values for bass, trout and walleye
fishing, deer, elk and moose hunting, and wildlife watching: Addendum
to the 1996 National Survey of Fishing, Hunting and Wildlife-Associated
Recreation. US Fish & Wildlife Service.

Braat, L. C., & De Groot, R. (2012). The ecosystem services agenda:
Bridging the worlds of natural science and economics, conservation
and development, and public and private policy. Ecosystem Services,
1,4-15.

Bretagnolle, V., Thibault, J.-C., & Dominici, J.-M. (1994). Field identifica-
tion of individual ospreys using head marking pattern. The Journal
of Wildlife Management, 58, 175-178.

Brock, M., Fraser, ., Law, C., Mitchell, S., & Roberts, D. L. (2021). An eco-
nomic analysis of twitching behaviour and species rarity. Journal of
Environmental Economics and Policy, 10, 54-73.

Birkner, P.-C., & Charpentier, E. (2020). Modelling monotonic effects of
ordinal predictors in Bayesian regression models. British Journal of
Mathematical and Statistical Psychology, 73, 420-451.

Callaghan, C. T., Benson, I., Major, R. E., Martin, J. M., Longden, T., &
Kingsford, R. T. (2020). Birds are valuable: The case of vagrants.
Journal of Ecotourism, 19, 82-92.

Callaghan, C. T., Slater, M., Major, R. E., Morrison, M., Martin, J. M., &
Kingsford, R. T. (2018). Travelling birds generate eco-travellers: The
economic potential of vagrant birdwatching. Human Dimensions of
Wildlife, 23, 71-82.

Carpenter, B., Gelman, A., Hoffman, M. D., Lee, D., Goodrich, B.,
Betancourt, M., Brubaker, M., Guo, J., Li, P, & Riddell, A. (2017).

95UB017 SUOWWIOD aAIEa1D) a|qeal|dde ay) Aq pauseAcb afe sopiLe YO ‘8sh Jo Se|n. Joj Aeiq1T 8ulu A8]i/MW UO (SUONIPUOD-pUe-SWLB)/W0D A8 | 1M Afelq 1 BU1|UO//SANY) SUONIPUOD pue SWe | 8Y) 89S *[£Z02/60/8T] Uo Akiqiaulluo AB[IM ‘22S0T €Ued/Z00T 0T/10p/wod /eI Arelqpuljuo's feuInosaq)/sdny wouy pepeojumod ‘0 ‘YTE8S/SE


https://github.com/BrentPease1/sea_eagle
https://github.com/BrentPease1/sea_eagle
https://zenodo.org/badge/latestdoi/462378107
https://orcid.org/0000-0003-1528-6075
https://orcid.org/0000-0003-1528-6075
https://orcid.org/0000-0003-0949-5612
https://orcid.org/0000-0003-0949-5612

10 People and Nature

PEASE ET AL.

Stan: A probabilistic programming language. Journal of Statistical
Software, 76, 1-32.

Carpenter, S. R., Mooney, H. A., Agard, J., Capistrano, D., DeFries, R. S,
Diaz, S., Dietz, T., Duraiappah, A. K., Oteng-Yeboah, A., & Pereira,
H. M. (2009). Science for managing ecosystem services: Beyond
the Millennium Ecosystem Assessment. Proceedings of the National
Academy of Sciences, 106, 1305-1312.

Cornell Lab of Ornithology. (2022). eBird basic dataset. Cornell Lab of
Ornithology.

Costanza, R., d'Arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B.,
Limburg, K., Naeem, S., O'neill, R. V., & Paruelo, J. (1997). The value
of the world's ecosystem services and natural capital. Nature, 387,
253-260.

Czajkowski, M., Giergiczny, M., Kronenberg, J., & Tryjanowski, P. (2014).
The economic recreational value of a white stork nesting colony: A
case of ‘stork village'in Poland. Tourism Management, 40, 352-360.

Daily, G. C. (1997). Introduction: What are ecosystem services. Nature's
Services: Societal Dependence on Natural Ecosystems, 1, 1-10.

Daily, G. C., & Matson, P. A. (2008). Ecosystem services: From theory to
implementation. Proceedings of the National Academy of Sciences of
the United States of America, 105, 9455-9456.

Elix, J., & Lambert, J. (2007). Mapping the values of shorebird habitat in
Tasmania: A tool for resolving land use conflict. Conflict Resolution
Quarterly, 24, 469-484.

Englin, J., & Cameron, T. A. (1996). Augmenting travel cost models with
contingent behavior data. Environmental and Resource Economics, 7,
133-147.

Field, B. C. (2008). Natural resource economics: An introduction. Waveland
Press.

Gamillo, E. (2021, November 10). Thousands of miles away from home,
this Steller's Sea Eagle couldn't be any more lost. Smithsonian
Magazine.

Grizane, T., & Blumberga, D. (2020). Carbon emissions in recreation fish-
ing travelling. Case of Latvia. Environmental & Climate Technologies,
24,493-512.

Guerry, A. D., Polasky, S., Lubchenco, J., Chaplin-Kramer, R., Daily, G. C.,
Griffin, R., Ruckelshaus, M., Bateman, I. J., Duraiappah, A., EImqvist,
T., & Feldman, M. W. (2015). Natural capital and ecosystem services
informing decisions: From promise to practice. Proceedings of the
National Academy of Sciences, 112(24), 7348-7355.

Howell, S. N., Lewington, I., & Russell, W. (2014). Rare birds of North
America. In Page rare birds of North America. Princeton University
Press. 1-16.

Istomina, E., Luzhkova, N., & Khidekel, V. (2016). Birdwatching tourism
infrastructure planning in the Ria Formosa natural park (Portugal).
Geography and Natural Resources, 37, 371-378.

La Rouche, G. P. (2003). Birding in the United States: A demographic and
economic analysis: Addendum to the 2001 national survey of fishing,
hunting and wildlife-associated recreation. Division of Federal Aid,
US Fish and Wildlife Service.

Laney, J. A., Hallman, T. A., Curtis, J. R., & Robinson, W. D. (2021). The
influence of rare birds on observer effort and subsequent rarity dis-
covery in the American birdwatching community. PeerJ, 9, e10713.

Lees, A., & Gilroy, J. (2022). Vagrancy in birds. Bloomsbury Publishing.

Maine Audubon Society, & Hitchcox, D. (2023). Rare bird alert: Steller's
Sea-Eagle is back. https://maineaudubon.org/news/rba-stse-2023/

McElreath, R. (2020). Statistical rethinking: A Bayesian course with exam-
ples in R and STAN (2nd ed.). CRC Press.

Melo, R. A., & Zarruk, D. (2022). gmapsdistance: Distance and travel time
between two points from Google Maps. R package version 4.0.0.
https://CRAN.R-project.org/package=gmapsdistance

National Public Radio. (2022). One of the rarest eagles in the world has
birdwatchers flocking to Maine.

National Transportation Statistics. (2021). Average cost of owning and op-
erating an automobile. U.S. Department of Transportation.

Nichols, J. D., & Williams, B. K. (2006). Monitoring for conservation.
Trends in Ecology & Evolution, 21, 668-673.

Ocampo-Pefiuela, N., & Winton, R. S. (2017). Economic and conserva-
tion potential of bird-watching tourism in postconflict Colombia.
Tropical Conservation Science, 10, 1940082917733862.

O'Donnell, M. (2016). Is willingness to pay for non-consumptive wildlife
watching falling? Evidence from three rounds of the national sur-
vey of fishing, hunting, and wildlife-associated recreation. Human
Dimensions of Wildlife, 21, 475-490.

Ontario Field Ornithologists. (2022). Rare bird ambassador program.

Parsons, G. R. (1991). A note on choice of residential location in travel
cost demand models. Land Economics, 67, 360-364.

Possenriede, D., Sadler, J., & Salmon, M. (2021). opencage: Geocode with
the OpenCage API. R package version 0.2.2. https://CRAN.R-proje
ct.org/package=opencage

Rau, A.-L., Burkhardt, V., Dorninger, C., Hjort, C., Ibe, K., KeBler, L.,
Kristensen, J. A., McRobert, A., Sidemo-Holm, W., & Zimmermann,
H. (2020). Temporal patterns in ecosystem services research: A re-
view and three recommendations. Ambio, 49, 1377-1393.

Rau, A.-L., von Wehrden, H., & Abson, D. J. (2018). Temporal dynamics of
ecosystem services. Ecological Economics, 151, 122-130.

Reid, W. V., Mooney, H. A., Cropper, A., Capistrano, D., Carpenter, S. R,
Chopra, K., Dasgupta, P., Dietz, T., Duraiappah, A. K., Hassan, R., &
Kasperson, R. (2005). Ecosystems and human well-being-synthesis: A
report of the Millennium Ecosystem Assessment. Island Press.

Renard, D., Rhemtulla, J. M., & Bennett, E. M. (2015). Historical dynamics
in ecosystem service bundles. Proceedings of the National Academy
of Sciences of the United States of America, 112, 13411-13416.

Rozzi, G. C. (2021). zipcodeR: Advancing the analysis of spatial data at
the ZIP code level in R. Software Impacts, 9, 100099.

Schwoerer, T., & Dawson, N. G. (2022). Small sight—Big might: Economic
impact of bird tourism shows opportunities for rural communities
and biodiversity conservation. PLoS One, 17, e0268594.

Sekercioglu, C. H. (2002). Impacts of birdwatching on human and avian
communities. Environmental Conservation, 29, 282-289.

Semega, J., Kollar, M., Shrider, E. A., & Creamer, J. (2020). Income and
poverty in the United States. United States Census Bureau.

Steven, R., Castley, J. G., & Buckley, R. (2013). Tourism revenue as a conserva-
tion tool for threatened birds in protected areas. PLoS One, 8, 62598.

Strimas-Mackey, M., Miller, E., & Hochachka, W. (2018). auk: eBird
data extraction and processing with AWK. R package version 0.3.0.
https://cornelllabofornithology.github.io/auk/

Tonelli, B. A., Youngflesh, C., & Tingley, M. W. (2023). Geomagnetic dis-
turbance associated with increased vagrancy in migratory land-
birds. Scientific Reports, 13, 414.

Turner, R., & Daily, G. (2008). The ecosystem services framework and
natural capital conservation. Environmental and Resource Economics,
39,25-35.

U.S. Office of Personnel Management. (2022). Policy. Data, oversight: Pay
and leave. U.S. Office of Personnel Management.

Underwood, J. G., Francis, J., & Gerber, L. R. (2011). Incorporating bio-
diversity conservation and recreational wildlife values into smart
growth land use planning. Landscape and Urban Planning, 100,
136-143.

United States Geological Survey. (2022). Longevity records of North
American birds.

Wenny, D. G., Devault, T. L., Johnson, M. D., Kelly, D., Sekercioglu, C. H.,
Tomback, D. F., & Whelan, C. J. (2011). The need to quantify eco-
system services provided by birds. The Auk, 128, 1-14.

Whelan, C. J., Sekercioglu, C. H., & Wenny, D. G. (2015). Why birds mat-
ter: From economic ornithology to ecosystem services. Journal of
Ornithology, 156, 227-238.

Whelan, C. J., Wenny, D. G., & Marquis, R. J. (2008). Ecosystem services
provided by birds. Annals of the new York Academy of Sciences, 1134,
25-60.

95UB017 SUOWWIOD aAIEa1D) a|qeal|dde ay) Aq pauseAcb afe sopiLe YO ‘8sh Jo Se|n. Joj Aeiq1T 8ulu A8]i/MW UO (SUONIPUOD-pUe-SWLB)/W0D A8 | 1M Afelq 1 BU1|UO//SANY) SUONIPUOD pue SWe | 8Y) 89S *[£Z02/60/8T] Uo Akiqiaulluo AB[IM ‘22S0T €Ued/Z00T 0T/10p/wod /eI Arelqpuljuo's feuInosaq)/sdny wouy pepeojumod ‘0 ‘YTE8S/SE


https://maineaudubon.org/news/rba-stse-2023/
https://CRAN.R-project.org/package=gmapsdistance
https://CRAN.R-project.org/package=opencage
https://CRAN.R-project.org/package=opencage
https://cornelllabofornithology.github.io/auk/

PEASE ET AL.

People and Nature 11

Willis, K. G., & Garrod, G. D. (1991). An individual travel-cost method of eval-
uating forest recreation. Journal of Agricultural Economics, 42, 33-42.

SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.
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