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Abstract

The Trumpeter Swans Cygrus buccinator that nest and winter in Yellowstone National
Park (YNP) played an important role in the survival of the species when unregulated
shooting and habitat loss threatened them with extirpation. While conservation
measures saved the Trumpeter Swan, and their numbers have increased greatly across
North America, the abundance and productivity of YNP* resident Trumpeter
Swans declined from about 1960 until 2010, when captive-bred releases began to
supplement their numbers. Many hypotheses for the initial decline in YNP
Trumpeter Swans exist, including human disturbance at nesting areas, changes in
habitat quality, predation and lower Trumpeter Swan abundance in the broader
geographic region reducing the immigration of swans into YNP. This study used
long-term historical Trumpeter Swan monitoring data and existing covariate data to
explore competing hypotheses about possible factors associated with temporal and
spatial variation in swan abundance and reproductive success in YNP during 1931—
2011. Bayesian reversible jump Markov chain Monte Catlo (RJMCMC) methods were
used to evaluate whether covariates representing swan decline hypotheses explained
variation in annual, wetland-level patterns of where swans were absent (Absent),
present but without fledged young (Present), and bred successfully with fledged
young (Successful) each year. Model covariates that explained variation in wetland
status supported several of the hypotheses for Trumpeter Swan decline. Wetlands
within YNP were more likely to have Trumpeter Swans Present as opposed to Absent
during 1931-1959 in years when the total abundance of Trumpeter Swans in the
broader geographic area around YNP was greater. During 1960-2011, wetlands
within YNP were more likely to have Trumpeter Swans Present as opposed to Absent
when estimated Grizzly Bear Ursus arctos abundance was lower and when YNP
recorded fewer annual visitors, although these covariates correlated strongly with

time, making it difficult to distinguish between the undetlying causes of temporal
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90 Trumpeter Swan decline in Yellowstone National Park

trends and preventing stronger inferences from being made. The lakes, rivers and

wetlands identified quantitatively in this study as being the most likely to have swans

Present and/or Successful can be a useful tool to help YNP staff manage important

swan habitat or justify future management actions.

Key words: Bayesian, conservation management, Markov chain Monte Carlo, non-

migratory swans, reversible jump.

By 1933, the number of Trumpeter Swans
Cygnus buccinator in the continental United
States was reduced to ¢ 70 individuals,
nesting and wintering in Yellowstone
National Park (YNP or Park) and the
surrounding Greater Yellowstone area
(Banko 1960). Conservation efforts to
protect the dwindling Trumpeter Swan
(hereafter Trumpeter Swan or swan)
population proved successful and their
numbers increased across North America
in subsequent decades. Despite current
restoration to much of their former range,
the slowing or declining growth rates of
groups of Trumpeter Swans in some regions
continues to give cause for concern due
to the long-lived species’ delayed maturity
and inconsistent production of young
(Mitchell & Eichholz 2020). Non-migratory
Trumpeter Swans nesting and wintering
within YNP and the surrounding Greater
Yellowstone area represent one such group.
After increases during the 1940s and 1950s,
YNP Trumpeter Swan numbers declined
from a maximum of 87 total swans in 1954
to only two in 2010 (based on autumn survey
data; see Fig. 1). There was serious concern
that if the low swan numbers could not be
increased, YNP Trumpeter Swans, which
had helped to perpetuate the species when it
was threatened with extirpation in the eatly
20th century, could disappear.
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Three populations have been defined in
North America to facilitate monitoring
and management of the species: the
Pacific Coast Population (PCP), the Rocky
Mountain Population (RMP) and the
Interior Population (IP) (Pacific Flyway
Council 2017). Situated within the U.S.
breeding segment of the RMP, which
summers in YNP and portions of Idaho,
Montana and Wyoming (tri-state area)
within the Greater Yellowstone area, YNP
Trumpeter Swans are generally non-
migratory but are believed to move short
distances outside the Park to access food
resources ot motre moderate winter
conditions. During winter, the US. breeding
segment is joined by swans from the
migratory Canadian breeding segment of
the RMP in the Greater Yellowstone area,
where the two population segments can
intermingle. While the RMP has grown
consistently since regular monitoring began
in 1968, much of that growth is attributed to
the Canadian breeding segment; the tri-state
area had a slightly negative growth rate from
1968-2015 (Groves 2017; Olson 2024). Core
areas of the RMP that were once productive
strongholds for Trumpeter Swans, such as
YNP, Red Rock ILakes National Wildlife
Refuge (RRLNWR) and Grand Teton
National Park (GTNP), have experienced

declining swan abundance in recent decades.
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Figure 1. Count data of white birds (adult and yearling swans) and cygnets recorded during autumn

Trumpeter Swan surveys in Yellowstone National Park, USA from 1931-2020.

Recognising the precarious state of
Trumpeter Swans in YNP, a workshop in
2011 gathered swan and wetland experts to
assess possible explanations for the decline
in swan abundance and to recommend
management strategies to halt and/or
reverse the decline (Smith & Chambers
2011). Although the experts did not reach
agreement on the best methods for
achieving either of these two objectives,
several potential reasons for the swan
decline were identified: 1) human disturbance
at nesting areas; 2) predation; 3) habitat
change of historic nesting areas, possibly
due to climate change; and 4) changes in
YNP Trumpeter Swan immigration and/or
emigration, possibly due to changes in swan

abundance in the broader geographic region
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surrounding the Park (Smith & Chambers
2011). These four hypotheses were chosen
as the focus of the analyses presented here.

Human disturbance has long been
recognised for its potentially detrimental
impacts on Trumpeter Swans. In a
preliminary report from 1941 on YNP
Trumpeter Swans, four of seven
management recommendations related to
minimising  the of  human
disturbance (Condon 1941). Since that time,

impacts

human activity has been shown to have a
negative effect on Trumpeter Swans and
other bird species by reducing their
productivity in various ways, including nest
abandonment, egg mortality due to
exposure, increased predation of eggs and

hatchlings, depressed feeding rates of adults
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and avoidance of otherwise suitable habitat
(Page 1976; Cooper 1979; Shea 1979;
Henson & Grant 1991). The number of
annual visitors to YNP has increased
markedly from 221,000 in 1931 (when
regular monitoring of swans began) to over
four million in recent years (NPS 2019).
Furthermore, the peak of Trumpeter Swan
breeding activity occurs in June, July and
August, when swans incubate eggs, hatch
young and raise broods (Banko 1960; Shea
1979; Shea et al 2013). This time period
coincides with a surge in Park visitation,
accounting for roughly 64% of annual visits
(2014-2018 data in NPS 2019). These
seasonal and long-term trends in Park
visitation may have increased the potential
for human disturbance impacts on nesting
and brood-rearing Trumpeter Swans.
Predation and the reproductive failure
of Trumpeter Swans due to predators is
another possible reason for the decline in
YNP Trumpeter Swans. Many of the
predators found in YNP today have been
reported as causing reproductive failure or
mortality of Trumpeter Swans, including
Bald Eagles Haliaeetus leucocephalus, Golden
Eagles _Aguila chrysaetos, Common Ravens
Corvus corax, Coyotes Canis latrans, Grey
Wolves Canis lupus, Grizzly Bears Ursus arctos
and Black Bears Uprsus americanus (Banko
1960; Hansen ez al. 1971; McEneaney 2006;
Koel ¢t al. 2019). Since the cessation of
predator control in YNP in 1935, there
have been natural and human-influenced
increases in the overall abundance of several
predator species (Stahler ez a/. 2002; White
et al. 2017; Smith es al. 2020). Although
observations from eatly decades of the

study period were made sporadically,
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evaluation of those records and of recent
Park data suggests that predation of
Trumpeter Swans may occur more frequently
than previously thought. One recent study
of YNP Trumpeter Swan productivity and
fledging success, based on data from 1987—
2007, found that 41% of egg failure (» = 35)
and 100% of pre-fledging cygnet mortality
(n = 18) were attributed to predation
(Proffitt ez al. 2010).

The habitat quality of Trumpeter Swan
breeding and foraging areas in YNP
has been considered marginal by some
researchers despite the diversity of water
resources present within the Park. Compared
to other areas, even within the Greater
Yellowstone area, nesting lakes in YNP are
relatively small and have timbered shorelines
with low complexity, feeding and nesting
habitat are often discontinuous, and foraging
areas are typically limited to the shallow
periphery of deeper wetlands and lakes
(Shea e al. 2013). Furthermore, many water
bodies in the Park are thought to be
unsuitable for nesting because of their
high elevation, fluctuating water levels,
oligotrophic conditions ot unusual water
chemistry due to geothermal activity (Shea
1979). YNP did however support over
60 total Trumpeter Swans and produce
10 cygnets annually on average during
the 1940s and 1950s before numbers began
to decline during the 1960s. Many historically
productive lakes and wetlands that were
regulatly occupied by Trumpeter Swans for
years or decades have ceased to be recorded
with cygnets or even be visited by swans in
recent years. These temporal and spatial
patterns in Trumpeter Swan habitat use and

productivity suggest that something about
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their habitat may have changed over time.
Furthermore, it is generally believed that
Trumpeter Swan habitat and reproductive
success is negatively affected by cool,
wet springs and hot, dry summers; long
term trends in annual temperature and
precipitation, possibly linked to climate
change, therefore may be making these
unfavourable environmental conditions more
common in YNP (Smith & Chambers 2011).

The abundance of Trumpeter Swans in
the broader geographic area around YNP
may influence the movement of swans in
(immigration) and out (emigration) of the
Park. Management practices in some areas
surrounding YNP, which changed during
the course of this study, could have reduced
the ability of these areas to act as sources
of Trumpeter Swans. RRLNWR, located
¢. 50 km west of YNP, was created in 1935
to halt illegal Trumpeter Swan shooting and
to protect vital nesting habitat. Data from
banding and marking programmes at
RRLNWR provide evidence that local
movements of Trumpeter Swans within the
Greater Yellowstone area are common and
that some swans emigrated from the refuge
to establish nesting territories in YNP, but
the limited nature of the available data
prevented stronger inferences from being
made (McEneaney 1986; McEneaney &
Sjostrom 1986; Mitchell & Shandruk 1992;
Olson et al. 2013). As Trumpeter Swan
numbers increased in response to initial
conservation measures, managers began
translocating swans from RRLNWR to
other areas as early as 1938. Translocation
efforts were redoubled in subsequent
decades and would eventually relocate more
than 1,500 swans from RRLNWR and
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Harriman State Park (¢. 30 km west of YNP)
outside of the Greater Yellowstone area
(Drewien ez al. 2002; Shea et al. 2002). Other
management actions included supplemental
feeding at RRLNWR from 1936-1992,
hazing of swans at high-risk wintering sites,
and the draining of ponds to reduce
concentrations of wintering swans (Proffitt
et al. 2009). While helping to expand the
overall geographic range of Trumpeter
Swans, these management actions may have
impacted swan numbers in the Greater
Yellowstone area and prevented areas like
RRLNWR or the tri-state region from acting
as sources of immigrants into YNP.
Despite a lack of consensus regarding the
factors contributing to the decline in YNP
swan abundance following the expert
workshop in 2011, the decision was made to
install artificial nest platforms at two
important swan nesting locations and to
augment Trumpeter Swan numbers while
swans were still occurring within the Park.
From 2012-2021, in partnership with
the Wyoming Wetlands Society, a total of
51 captive-reared Trumpeter Swans were
released in the Park. While restoration
efforts may be acting to combat the
multi-decadal decline, the initial cause(s)
and current drivers of Trumpeter Swan
abundance and productivity in YNP are
not well understood. Given the curtrent
number of swans in YNP, especially those
that breed and successfully fledge cygnets,
opportunities to make direct observations
of Trumpeter Swans breeding in the Park
are limited. Further, as intensive management
actions have taken place for over a decade
now and are ongoing, observations can no

longer be made on the system that first
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experienced declining swan abundance and
productivity in the 1960s. Consequently, this
retrospective analysis was undertaken to
take advantage of the long-term monitoring
of Trumpeter Swans in YNP by exploring
the potential of existing data sets to
investigate the various hypotheses regarding
the decline in their abundance and
productivity. Analysis details and results of
this study expand on Smith e a/. (2023) to
try to obtain a better understanding of the
drivers of swan abundance and productivity
trends, and the efficacy of ongoing

restoration efforts in YNP.

Methods

Study area

YNP encompasses approximately 9,000 km?
of northwestern Wyoming and small
portions of neighbouring Idaho and
Montana. The Park’s elevation ranges from
1,600 m in the northwest (where the
Gardner River drains into the Yellowstone
River) to nearly 3,500 m in the southeast at
the summit of Fagle Peak, with much of the
Park being situated on a forested plateau at
2,128-2,432 m (Shea 1979). Varying greatly
in their size, depth and seasonal fluctuations,
YNP’s water resources make up « 10% of
the Park’s area (Elliot & Hektner 2000).
Characterised by its varied topography,
weather conditions in YNP can vary greatly
between different geographic areas of the
Park and between years, but it generally
experiences short, cool summers and long,
cold winters (Shea 1979; Despain 1990).

Data collection

Autumn Trumpeter Swan surveys wete
conducted annually in YNP from 1931 to
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2020, except in 1942-1943, 1945, 1969-
1970, 1972-1973, 1975, 1981 and 1982
when there was insufficient funding. The
survey generally took place during the
second or third week of September, so that
adults and subadults could be distinguished
from cygnets produced during the current
breeding season. Surveys were generally
conducted from a fixed-wing aircraft with
one pilot and one observer counting birds at
¢. 60 m above ground level along established
transects. High continuity among pilots and
observers combined with high visibility of
Trumpeter Swans likely resulted in very high
detection probability and consistency across
years (Bart ¢z al. 2007). Consequently, counts
of white birds (Ze. adults and yearlings) and
cygnets were not adjusted for detection
probability. The 194 unique locations, or
wetlands, where Trumpeter Swans were
observed in at least one year during autumn
surveys from 1931-2020, were grouped
into 50 wetland complexes based on
their geographic location. Here, the term
“wetland” is used generically to include both
wetlands and deepwater habitats, including
lakes, rivers and other bodies of water
where Trumpeter Swans were observed
during autumn surveys. Some individual
wetlands remained that did not fit within a
larger geographic grouping, but individual
wetlands and grouped wetland complexes
are simply referred to as wetlands hereafter.
The 194 unique wetland locations that
comprise the 50 wetland complexes are
delineated in Shields (2021).

The autumn survey is designed to capture
productivity as well as total abundance and
distribution, and is conducted at a time

when swans are generally situated on
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breeding territories and cygnets are close to
fledging (Groves 2017; Olson 2024). Thus,
observations during the autumn surveys of
cygnets at wetlands other than those where
they were produced are thought to be rare; it
therefore was assumed that the wetland
where cygnets were observed was the same
wetland where they were produced. It
should also be acknowledged that, given the
timing of the autumn survey, it is possible
that failed nesting attempts could have been
overlooked, or that non-breeding swans may
have been observed at a wetland different
from the one where a failed nest attempt
was made. Additional survey flights in the
early breeding period were not conducted
regularly, however, so it was not possible to
investigate these cases in further detail
Despite these difficulties, the autumn
surveys remain the longest-term, most
consistent effort to monitor the Park’s
Trumpeter Swans, and these data are used
here because they provide the best data
available for describing spatio-temporal
variation in swan use of the Park over the
extensive time period considered in this
study.

Wetland-specific counts of white birds
and cygnets from YNP autumn Trumpeter
Swan surveys were used to develop the two
response variables used in the analysis. First,
the status of each wetland where Trumpeter
Swans were observed was classified for each
year of the study as having Trumpeter
Swans: (1) “Absent” (7e. no white bird or
cygnet was observed at that location during
the autumn survey), (2) “Present” (if one
or more white birds but no cygnets
were observed) or (3) “Successful” (if one

or more Trumpeter Swan cygnets were
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observed, regardless of the presence of
white birds, indicating that a pair had bred
successfully; see Fig. 2 for time series of
annual Park-wide counts of swan wetlands
by status). Hereafter, Absent, Present and
Successful (capitalised) refer to their
respective wetland status level. The levels of
wetland status were chosen for their
biological significance and to prevent
overlap of the response data. Next, the
three wetland status levels described above
were used to create two binary response
variables to differentiate between wetlands
where
Absent (Present/Absent), where wetlands

were coded annually as Absent = 0 and

swans were: (1) Present wersus

Present = 1, and (2) Successful versus Present
(Successful /Present), where wetlands were
coded annually as Present = 0 and
Successful = 1. The two binary wetland
status response variables were used
separately; ze. each model included either
the Present/Absent or the Successful/
Present response variable, which allowed for
the exploration of covariates that were
associated with the probability of a wetland
being classified as Present versus Absent, and
also as being classified as Successful versus
Present.

As covariate data sets relating to
the potential mechanisms behind YNP
Trumpeter Swan decline had not previously
been fully assessed, we also described and
collated the covariate data potentially
available through a literature review,
meetings with YNP staff from various
disciplines, and records in the YNP archives.
In total, 14 covariate data sets were
developed to test the four hypotheses for

Trumpeter Swan decline in YNP (Table 1).
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Figure 2. Annual Park-wide counts of Trumpeter Swan wetlands, by wetland status, in Yellowstone
National Park, USA from 1931-2020. (A) Absent = no Trumpeter Swans observed at that location
during the autumn survey; (B) Present = one or more white birds but no cygnets observed, and

(C) Successful = one or more Trumpeter Swan cygnets observed, indicating that a pair had bred

successfully.

Only the number of annual YNP visitors
(Visitor) could be used to quantify the
human disturbance hypothesis; attempts to
develop other human disturbance data sets
were unsuccessful as more detailed YNP
visitor-use statistics are not available until
1979. Annual abundance estimates for
Greater Yellowstone area Grizzly Bears
(Grizzh)) and YNP Grey Wolves (IWo/f) were
used to quantify the potential for predators
to have a negative impact on Trumpeter
Swan survival and productivity. Additional

data sets of predator abundance were
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sought, but there is only sporadic information
for Coyotes and Ravens, and regular Bald
Eagle monitoring did not take place for
most of the time period covered by this
study, preventing the investigation of these
predator species within the models. Total
(both white birds and cygnets) annual
Trumpeter Swan abundance estimates for
RRLNWR (RRLtrus) and the tri-state area
(TRItrus) were used to investigate whether
swan trends in the broader region around
YNP affected the presence or fledging

success of swans within YNP.
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Table 1. Description of RIMCMC model covariates used to quantify the four hypotheses for

Trumpeter Swan decline in Yellowstone National Park, USA evaluated in this study.

Covariate Covariate Hypothesis
abbreviation description addressed
Grizzly Annual Greater Yellowstone area Grizzly Bear abundance ~ Predation
Teeoff Annual ordinal date that Yellowstone Lake became ice-free  Habitat quality
PHDI Annual Palmer Hydrological Drought Index Habitat quality
RRItrus  Total annual RRLNWR Trumpeter Swan abundance Swan
movement,/
management
SpPCP Cumulative spring precipitation (cm) Habitat quality
SPTAVG  Average monthly spring temperature (°C) Habitat quality
SuPCP Cumulative summer precipitation (cm) Habitat quality
SuTAVG  Average monthly summer temperature (°C) Habitat quality
TRItrus Total annual tri-state area Trumpeter Swan abundance Swan
movement,/
management
Visitor Annual number of YNP recreation visitors Human
disturbance
Walf Annual YNP Grey Wolf abundance Predation
Year Linear trend through time N/A
YRmax: Max. annual discharge of Yellowstone River (m3/s) Habitat quality
YRodate Ordinal date of max. annual discharge of Yellowstone River Habitat quality

In the absence of repeated, direct
measurements of YNP wetlands, many
covariate data sets describing environmental
conditions likely to influence the extent or
quality of swan habitat were used to
quantify the habitat quality hypothesis,
including the annual Palmer Hydrological
Drought Index (PHDI), cumulative spring
(March through June) and summer (June
through September) precipitation (SpPCP
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and SuPCP, respectively), and average
monthly spring and summer temperature
($PTAVG and  SuTAVG,
Combined with low temperatures, heavy

respectively).

spring precipitation may present challenging
conditions for swan eggs and young cygnets,
and increase the risk of nest flooding (Shea
et al. 2013). Hot, dry conditions during
the summer could affect wetland drying
and reduce the amount of time seasonal
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wetlands are inundated with water, diminish
foraging opportunities, and impede the
ability of swans to take refuge from
predators (Proffitt es a/. 2010). The ordinal
date (YRodate) and cubic meters per second
(YRmax) of the

maximum annual discharge was used as a

Yellowstone Rivet’s

proxy for peak snowmelt, a time when swan
habitat (Z.e. nest sites) may be most
vulnerable to flooding. The ordinal date that
Yellowstone Lake became completely free
of ice (leeoff) was used as a proxy to quantify
the variability in spring melt and the timing
when swan nesting habitat would become
available to breeding Trumpeter Swans.
Lastly, although not tied directly to a
declining  YNP
abundance, a linear year term (Year) was also

hypothesis  for swan
included as a covariate to assess whether
declining Trumpeter Swan abundance in
YNP could be attributed to a linear
trend through time. Despite being highly
correlated with covariate data that also
trended strongly through time (Grigzl,
RRI trus, TRItrus, Visitor and Walf), inclusion
of the Year term allowed the effect of a
trend through time to be addressed within
the models. A more detailed description of
covariate data sets used in this analysis,
including summary statistics and time series
plots, can be found in Shields (2021).

Statistical analysis

All statistical procedures were conducted in
the R statistical computing environment (R
Core Team 2023) and a Bayesian modelling
framework was used to evaluate multiple
hypotheses while accommodating the
hierarchical nature of the data. Analyses of

the annual, wetland-level binary response
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values were performed using hierarchical,
generalized logistic regression models to
evaluate which covariates were useful for
distinguishing between wetlands where
swans were: (1) Present versus Absent, and
(2) Successful versus Present. Separate
analyses for each pair of response outcome
levels (Present/Absent and Successful/
Present) were conducted because covariates
could have had different impacts depending
on the wetland status levels being
investigated. The swan count data (Fig 1) as
well as the prevalence of predator species
within YNP suggested that a different set of
drivers could have been affecting swan
trends during the early (1931-1959) and
later (1960-2011) time petiods of the study.
Moreover, autumn survey data collected
after 2011 were not included in the analysis
because intensive management actions (e.g
the use of artificial nest platforms and
release of captive-reared Trumpeter Swans)
commenced in 2012 and artificially increased
swan numbers. Accordingly, analyses of
temporal and spatial patterns of wetland
status were conducted separately for 1931—
1959 (increasing decadal growth rates) and
for 1960-2011 (decreasing decadal growth
rates). This resulted in four separate model
suites: (1) Present/Absent from 1931-1959,
(2) Present/Absent from 1960-2011, (3)
Successful /Present from 1931-1959 and
(4) Successful/Present from 1960-2011.
Originally planned to be just four models,
pairwise covariate correlation prevented
some strongly correlated covariates from
being evaluated in the same model. As a
result, multiple different versions of the
models were run with slightly different

covariate combinations, yielding 31 separate
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models that wetre run across the four time-
period by response-value pair combinations
described above. This allowed each of the
covariate data sets, individually developed to
address a specific hypothesis for Trumpeter
Swan decline in YNP, to be evaluated in at
least one model while avoiding strong
pairwise correlations with other covariate
data sets.

Reversible jump Markov chain Monte
Carlo (RJMCMC) methods (Green 1995)
were used to perform regression modelling
and evaluate which covariates the data
supported including in models explaining
variation in the Present/Absent and in
the Successful/Present binary responses
for both early and later time series. At
each iteration of the RJMCMC work, any
could be

included or not in the model, and the model

covariate being considered
structure was allowed to change at each new
iteration of the Markov chain. To achieve
this, a sampler algorithm was used to select
one value for the coefficient associated with
a given covariate, then the model’s predictive
ability was evaluated. This process was
repeated for all potential covariates across
many thousands of model iterations, with
values being chosen based on the
performance of covariate coefficient values
from previous Markov chains, or MCMC
samples. By summarising the posterior, it
was possible to evaluate how often each
covariate was chosen for inclusion in the
models and to summarise the coefficient for
any given covariate across all models fit.
Covariates that were useful were included in
the model structure of a larger fraction of
MCMC samples than covariates that were

not. The number of times a given covariate
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was included in the structure of MCMC
samples relative to the total number of
samples was a measure of that covariate’s
predictive ability and importance of its
relationship to the response. Covariates
could come in or out of the model as the
model iterations progressed, hence
allowed the

structure to accommodate a different

“reversible”, and model
number and combination of covariates.
Thus, Bayesian RIMCMC methods used in
this study allowed both variable and model
selection to be performed simultaneously.
The modelling approach always included
an intercept term and random effects for
both wetlands and for years. The autumn
YNP Trumpeter Swan surveys made repeat
observations of the same wetlands across
years; random effects for both wetlands and
years therefore were included in all
RJMCMC models to account for the
potential lack of independence between
these observations. All continuous covariate
values were centred using the mean and
scaled by one standard deviation (s.d.) to
increase the speed of model simulations and
allow for more direct comparison of
coefficient estimates. Pairwise correlations
between covariates were assessed using the
ggcorr function from the GGally R package
(Schloetke ez al. 2021). Standard pairwise
Pearson correlation coefficients were
examined after filtering the input data to
include only the two focal levels of wetland
status and desired time period for a given
model. Covariates with an absolute correlation
coefficient value of = 0.70 were not
included within the same RJMCMC model.
RJMCMC models were fitted using the
nimble R package (de Valpine ef a/ 2017).
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Three chains were run in parallel for each
RJMCMC model with each chain creating
100,000 MCMC samples and discarding
10,000 burn-in samples. To reduce the
output file size and streamline posterior
calculations, MCMC samples were thinned
so that one in every ten samples was stored,
resulting in a posterior distribution with
27,000 total MCMC samples for each model
fit. Model convergence was assessed using
the standard Geweke diagnostic (which
compares whether the beginning and end
of each MCMC sample were equal),
Gelman-Rubin diagnostic values, and visual
inspection of trace plots using output and
functions from the MCMCvis R package
(Gelman & Rubin 1992; Youngflesh 2018).
Random effects for wetlands and years were
assumed to be normally distributed around a
mean of zero with variance o,,,,,, and o,
respectively. Standard uninformed priors
were used for fixed and random effects in
the models.

RJMCMC model output and coefficient
estimates were centred and scaled. In
analyses of Present/Absent wetlands, models
estimated the log-odds of a wetland being in
the Present category, given the effect of all
measured covariates also included in the
models. In analyses of Successful/Present
wetlands, models estimated the log-odds of
a wetland being in the Successful category,
again given the impact of all covariates
included in the models. The log-odds, or
the natural logarithm of the odds, atre
symmetric around zero and are therefore
useful for analysis. For reference, log-odds
values ranging from —5 to 5 correspond to
probabilities that range from just above

zero to very close to one, while log-odds
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values ranging from —1 to 1 correspond to
probabilities that range from about 0.25
to 0.75. Coefficient estimates were model-
averaged and represent the average of all
MCMC samples regardless of whether a
given covariate was included in the model
structure, thus incorporating the uncertainty
of the variable-selection process. As a result,
a covariate that was included in the model
structure for only a small number of
MCMC samples, for example, would have its
coefficient estimate pulled towards zero by
the large number of samples for which the
covariate was not included in the model, and

thus had a coefficient value of zero.

Results

Autumn aerial Trumpeter Swan surveys
were conducted annually in the YNP for 80
years of the 90-year period from 1931-2020.
During that time, 2,749 white birds (annual
mean * s.d. = 34.36 * 17.27 individuals)
and 533 cygnets (6.66 = 5.90) were observed
at 194 unique wetlands within the Park
(Fig. 1). Total swan abundance tended to
increase from 1931 through the 1950s,
decline steadily from about the 1960s
through 2011, and increase in recent years
at about the time that management actions
to restore Trumpeter Swans began in 2012.
In RJMCMC models investigating the
impact of covariates in determining whether
wetlands had swans Present as opposed to
Absent for the early (1931-1959) period, four
of 12 possible covatiates were found to be
important to include in the structure of the
models. Both total RRLNWR and tri-state
area Trumpeter Swan abundance (RRL#rus
and 7TRItrus, respectively) were selected for
inclusion in nearly all RIMCMC model
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iterations, or MCMC samples, measured by
the proportion of iterations where the
covariate was included in the model structure
(ppn. sel. = 0.99). The total number of
annual YNP visitors (zsitor) was also highly
selected in RIMCMC models (ppn. sel. =
0.94), as was the linear year term, Year (ppn.
sel. = 0.99), although pairwise correlation
prevented the 7R/trus, RRI trus, Visitor and
Year covariates from being evaluated within
the same RJMCMC model. When evaluated
separately, each covariate was selected in
nearly 100% of MCMC samples; all other
covariates were selected for inclusion in
< 5% of MCMC samples (see Table 2).
Model-averaged results show the scaled
impact of both RRLtrus and TRItrus were
positive (mean = 0.76 + 0.15 and 0.74 £ 0.17,
respectively), such that when Trumpeter
Swans were more abundant at RRLNWR or
in the tri-state area, wetlands within YNP
were more likely to have swans Present
as opposed to Absent. The coefficient
estimate of Zsitorwas also positive (mean =
0.69 £ 0.23), opposite the negative direction
predicted by the hypothesis that human
disturbance in YNP has detrimental impacts
on the Park’s Trumpeter Swan population.
However, it is important to note that IZsitor
and Year were very strongly correlated
(correlation coefficient = 0.95), which
resulted in multiple interpretations of this
result: a negative effect of annual visitor
numbers on the likelihood of swans being
Present as opposed to Absent, or a negative
trend through time for other, un-measured
reasons. Similarly, total RRLNWR swan
abundance and total tri-state area swan
abundance were strongly correlated with
each other, and with a temporal trend,
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making it impossible to attribute their
similar impact on wetland status to one or
the other.

Random effects of wetlands (dREm/M g
mean = 2.99 + 0.48) were much larger than
the values for random effects of year
(OA'RH)W; mean = 0.49 £ 0.20), a pattern that
was observed across all four model suites
(see Table 2). Estimates of wetland-specific
intercept adjustments could take on a wide
range of mnegative or positive log-odds
values, translating to adjustments to the
probability of swans being Present as
opposed to Absent at a given wetland (during
an average year) between approximately 0.04
and 0.99. On the other hand, estimates of
year-specific intercept adjustments fell
within a much narrower range, translating to
adjustments to the probability of swans
being Present as opposed to Absent during
a given year (at an average wetland) between
approximately 0.39 and 0.65 (see Figs. 3 & 4
for example wetland and year random
effect plots). Random effects of wetland,
adjustments to the log-odds of a given water
body having Trumpeter Swans Present, were
found to correspond well with observations
from autumn swan surveys. Intercept
Fern-Tern-White
Complex, Riddle Lake Complex, Trumpeter

adjustments for the

Lake Complex, Swan Lake Complex and
Geode Lake Complex had the largest
positive values for 1931-1959 (Supporting
Materials Fig, S1).

In RJMCMC models investigating the
impact of covariates in determining whether
wetlands had Trumpeter Swans Present as
opposed to Absent more recently, for 1960—
2011, three of 14 possible covariates were
found to be important to include in the
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Table 2. Model-averaged RIMCMC results, indicating covariates associated with whether
swans were Present zersus Absent on wetlands in Yellowstone National Park, USA each year
during 1931-1959. “Ppn. selected” represents the proportion of MCMC samples that a given
covariate was selected for inclusion in the model structure; ze. the number of times the
covariate was included in the structure of the models (No. included) divided by the number
of times that covariate could have possibly been included (No. possible). Coefficient
estimates, with corresponding standard deviations (s.d.) and 90% credible intervals (90%
Crl), represent the log-odds of being classed as Present, given the impact of all measured

covariates also included in the models.

Model No. No. Ppn. Estimate 90% CrI

parameter included possible selected (s.d.)

Intercept - - - —2.63 (0.51) (-3.49,-1.85)
ORE, - - - 2.99 (0.48) (2.30, 3.85)
OA'R%W - - - 0.49 (0.20) 0.17,0.82)
RRLtrus? 53,683 54,000 0.99 0.76 (0.15) (0.53,1.01)
RRLtrusb 53,225 54,000 0.99 0.74 (0.17) (0.50, 1.00)
Yeare 53,405 54,000 0.99 0.76 (0.17) (0.52,1.02)
Visitord 50,899 54,000 0.94 0.69 (0.23) (0.00, 0.99)
PHDI¢ 4,041 216,000 0.02 0.00 (0.04) (0.00, 0.00)
SuPCPf 3,612 216,000 0.02 0.00 (0.04) (0.00, 0.00)
YRmaxe 1,177 216,000 0.01 0.00 (0.02) (0.00, 0.00)
YRodateh 3,029 216,000 0.01 0.00 (0.03) (0.00, 0.00)
SpTAVG! 846 108,000 0.01 0.00 (0.02) (0.00, 0.00)
SuTAVG 1,016 108,000 0.01 0.00 (0.03) (0.00, 0.00)
Iceoffk 1,061 216,000 0.00 0.00 (0.01) (0.00, 0.00)
SpPCP! 1,076 216,000 0.00 0.00 (0.01) (0.00, 0.00)

aRRLtrus: RRLNWR total annual swan abundance.
bTRItrus: tri-state area total annual swan abundance.

Year: linear trend through time.

dVisitor: total annual YNP visitor abundance.

¢PHDI: annual Palmer Hydrologic Drought Index.

fSuPCP: cumulative summer precipitation.

£YRmax: maximum annual flow of Yellowstone River at Corwin Springs.

hYRodate: ordinal date of maximum annual flow of Yellowstone River at Corwin Springs.

iSpTAVG: average monthly spring temperature.

ISUTAVG: average monthly summer temperature.

k[ceoff: annual ordinal date Yellowstone Lake became ice-free.

ISpPCP: cumulative spring precipitation.
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Wetland-specific adjustment to
log-odds of having swans Present

Figure 3. Caterpillar plot of wetland random effects for a model investigating whether Trumpeter

Swans were Present versus Absent on wetlands in Yellowst

one National Park, USA during 1960-2011.

Wetlands are listed along the y-axis. The x-axis represents wetland-specific intercept adjustments to the
log-odds of wetlands having swans Present during an average year under average covatiate conditions,
and whiskers represent 90% credible intervals. The grey vertical line represents an average wetland, or

an intercept adjustment of zero.

©Wildfowl Press

Wildfow! (2024) Special Issue 7: 89-114



104 Trumpeter Swan decline in Yellowstone National Park

o
o
)

o
o
L

I

=

&)
f

Year-specific adjustment to
log-odds of having swans Present
(=]

-1.0

1960 1970

1980

1990 2000 2010

Year

Figure 4. Plot of year random effects for a model investigating whether Trumpeter Swans were Present

versus Absent on wetlands in Yellowstone National Park, USA during 1960-2011. The y-axis represents

yeat-specific intercept adjustments to the log-odds of an average wetland having swans Present under

average covariate conditions, and whiskers represent 90% credible intervals. The grey horizontal line

represents an average year, or an intercept adjustment of zero.

models’ structure (see Table 3). Greater
Yellowstone area Grizzly Bear abundance
(Grizzh)) was selected in a large proportion
of RJMCMC model iterations (ppn. sel. =
0.82). In addition, IZsitor was selected in a
large proportion of models (ppn. sel. = 0.74)
and the temporal trend term Year was also
selected in every RIMCMC model where it
was available for inclusion in the models’
structure (ppn. sel. = 1.00). Again, pairwise
covariate correlations prevented the three
highly selected covariates (Grizzly, Visitor
and Year) from being evaluated within
the same RJMCMC model and created
alternative interpretations of the results.
Grizzly and visitor abundance may have had

a negative impact on wetlands having swans
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Present as opposed to Absent, or the
association could have been due to some
other time-trending reason. The annual
ordinal date that Yellowstone Lake was free
of ice was included in a small proportion of
model iterations (ppn. sel. = 0.05). All other
covariates were selected for inclusion in only
0-1% of model iterations (Table 3).
Model-averaged results show the scaled
impact of Grizzly was negative (mean =
—0.42 £ 0.23 s.d.), as was predicted given
that swan mortality and egg failure in
YNP have been attributed to Grizzly Bears.
In contrast to the previous model suite
investigating Present/Absent wetlands for
1931-1959, the coefficient estimate of
Visitor was negative (mean = —0.37 + 0.16
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Table 3. Model-averaged RJMCMC results, indicating covariates associated with whether
swans were Present zersus Absent on wetlands in Yellowstone National Park, USA each year
during 1960-2011. “Ppn. selected” represents the proportion of MCMC samples that a given
covariate was selected for inclusion in the model structure; ze. the number of times the
covariate was included in the structure of the models (No. included) divided by the number
of times that covariate could have possibly been included (No. possible). Coefficient
estimates, with corresponding standard deviations (s.d.) and 90% credible intervals (90%
Ctl), represent the log-odds of being classed as Present, given the impact of all measured
covariates also included in the models.

Model No. No. Ppn. Estimate 90% CrI

parameter included possible selected (s.d.)

Intercept - - - —2.41 (0.35) (-2.99, -1.806)
OA'REW/(W - - - 1.79 (0.25) (1.42,2.24)
O”'RH)W - - - 0.19 (0.11) (0.03, 0.35)
Year 54,000 54,000 1.00 —0.60 (0.08) (=0.73,-0.47)
Grizzly 88,678 108,000 0.82 —0.42 (0.23) (=0.71, 0.00)
Visitor 160,635 216,000 0.74 —0.37 (0.16) (-0.64, -0.21)
Iceoff 13,560 270,000 0.05 —0.01 (0.04) (=0.06, 0.00)
YRmax 1,964 270,000 0.01 0.00 (0.01) (0.00, 0.00)
SpTAVG 976 135,000 0.01 0.00 (0.02) (0.00, 0.00)
RRLtrus 1,474 108,000 0.01 0.00 (0.03) (0.00, 0.00)
TRItrus 2,052 162,000 0.01 0.00 (0.02) (0.00, 0.00)
Wolfb 611 54,000 0.01 0.00 (0.01) (0.00, 0.00)
PHDI 819 270,000 0.00 0.00 (0.01) (0.00, 0.00)
SpPCP 1,196 270,000 0.00 0.00 (0.01) (0.00, 0.00)
SuPCP 667 270,000 0.00 0.00 (0.01) (0.00, 0.00)
YRodate 644 270,000 0.00 0.00 (0.00) (0.00, 0.00)
SuTAVG 478 135,000 0.00 0.00 (0.01) (0.00, 0.00)

aGrizzly: annual abundance estimate of Greater Yellowstone area Grizzly Bears.
bWolf: annual abundance estimate of YNP Grey Wolves.
See Table 1 and the footnote to Table 2 for details of the other model parameters.

s.d.) for 1960-2011, in accordance with the  important to note that Grigzly, Visitor and
hypothesis that human disturbance can  Year were highly correlated and could not
have detrimental impacts on nesting and  be evaluated within the same RJMCMC
brood-rearing Trumpeter Swans. It is again ~ models. As was the case with the model suite
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investigating 1931-1959, models evaluating
Present/Absent wetlands for the time
period of 1960-2011 showed random
effects of wetlands (mean = 1.79 + 0.25 s.d.)
to be much larger than random effects
of years (mean = 0.19 * 0.11 s.d.). The
specific wetlands with the largest intercept
adjustments changed for 1960-2011 to
reflect decreased use of previously productive
areas and new areas of increased swan use.
Intercept adjustments for the Madison River
Complex, Yellowstone Lake (Southeast
Arm), Fern-Tern-White Complex, Trumpeter
Lake Complex and Beula Lake Complex
had the largest positive values for 1960—
2011 (Fig 3).

On investigating the importance of
covariates in determining whether wetlands
had Trumpeter Swans that were Successful
as opposed to Present, no covariates were
selected for inclusion in a large proportion
of RJMCMC models for either the 1931—
1959 or the 1960-2011 time periods.
Covariates highly selected for inclusion in
the model structure for Present/Absent,
such as RRLtrus, Grizzly, Visitor and the
temporal trend Year, were not found to be
important covariates when modelling
variation in Successful/Present wetland
status levels. Model-averaged RJMCMC
model results showed that all covariates
were selected for inclusion in < 10% of
model iterations (Supporting Materials
Tables S1 & S2); however, the same random
effect pattern was observed for analyses of
Successful /Present wetlands where random
effects for wetlands were much larger than
those for years (see Fig. S2). Rankings of the
best wetlands, this time representing an
adjustment to the log-odds of a wetland
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being classed as Successful as opposed to
Present, were re-ordered to reflect those
wetlands that most successfully fledged
swan cygnets during the two time periods

(see Figs. S3 & S4).

Discussion

In total, 14 covariate data sets were
developed to investigate the four main
hypotheses for Trumpeter Swan decline in
YNP. Although it was difficult to find data
sets with the geographic coverage and
repeated measures necessary to be included
in a long-term, retrospective study of this
kind, a number of new covariate data sets
were ultimately developed and utilised.
Results of the RIMCMC models of binary
annual wetland status indicated that: (1)
random effects of wetlands were larger than
random effects of years, (2) just a few
covariates were typically important to
consider, (3) the covariates important to
consider changed depending on which
model suite was being considered (Present/
Absent or Successful/Present and 1931—
1959 or 1960-2011) and (4) it was important
to consider a trend through time. RIMCMC
model results provided some support for
the human disturbance, predation, and swan
movement/management hypotheses for
swan decline, but strong temporal trends
in the covariates used to quantify these
hypotheses created multiple interpretations
of the results and prevented stronger
inferences from being made. Model random
effects were used to identify quantitatively
the wetlands in YNP most likely to have
Trumpeter Swans Present and most likely
to have Successful,

swans providing

information that Park staff can use to help
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manage important swan habitat or justify
future management actions.

Inclusion of the RRItrus and TRItrus
covariates in the structure of a large
proportion of RIMCMC models investigating
Present/Absent wetlands from 1931-1959
supported the hypothesis that immigration
of swans from other portions of the
RMP may play a role in the persistence
of the Park’s resident Trumpeter Swans.
Given their high correlation and similar
performance in RJMCMC models when
evaluated separately, it’s not clear whether
there is a stronger connection between
the Park and the tri-state area (7R[trus) or
RRLNWR (RRLtrus), but it is the case that
wetlands in YNP had a greater probability of
having Trumpeter Swans being Present
rather than Absent when there were more
total Trumpeter Swans in either the tri-state
area or RRLNWR specifically. Management
actions outside of YNP implemented
during the earlier time period (1931-1959),
including protection from illegal shooting,
winter feeding, predator control and
reduction of human disturbance at nesting
areas, likely contributed to conditions
favourable for increased swan abundance
and potential for immigration into YNP
(Shea et al. 2002). In contrast, neither
RRILtrus nor
covariates in Present zersus Absent models
during the later time period (1960-2011),
when the goal of local swan management

TRItrus were important

had shifted to reducing concentrations and
expanding the wintering distribution of
Greater Yellowstone area Trumpeter Swans
(Drewien et al. 2002).

RJMCMC model results also provided
some support for the predation hypothesis
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for YNP Trumpeter Swan decline on
investigating Present/Absent wetlands during
the later time period (1960-2011), when
swan numbers drastically declined. Although
Grizzly Bear and Grey Wolf abundance
data were included as model covariates,
information for a vatiety of other YNP
predator species was notably absent. Both
Coyotes and Ravens were identified as great
threats in the “trumpeter’s struggle for
existence” in preliminary YNP Trumpeter
Swan reports from the 1930s and 1940s, but
neither species has been regulatly monitored
in the Park (Barrows 1936; Condon 1941).
Recent observations of Bald Eagles in YNP
suggest that their diet may be switching to
include newly hatched Trumpeter Swans
and Great Northern Divers Guvia inmmer as
their preferred food source, Yellowstone
Cutthroat Trout Oncorlynchus clarkii bouvieri,
have declined precipitously since non-native
Lake Trout
introduced to the system in the mid-1990s
(Smith ez al 2016; Koel et al. 2019).
However, regular monitoring of Bald Eagles

Salvelinus  namaycush were

did not begin until the 1980s, preventing
information on their abundance or behaviour
from being included in the models. Only
covariate data for Grizzly Bears and Grey
Wolves could be included in the analysis, but
only for the later time period (1960-2011).
No covariates related to predators were
included for the earlier time period (1931—
1959) because these types of records are
absent or incomplete for YNP. Nonetheless,
overall predator abundance in the Park was
lower during the eatlier time period of the
study and increased during the decades that
Trumpeter Swans declined, an increase that
may be reflected in the increasing trends of
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the Grizzly Bear and Grey Wolf covariates
(Grizzly and Walf, respectively).

The human distutbance hypothesis for
YNP Trumpeter Swan decline also received
some support from RJMCMC model results
investigating Present/Absent wetlands from
1960-2011 with the annual number of YNP
visitors (1Zsitor) being selected for inclusion
in a large proportion of model iterations.
Attempts were made to develop more
detailed covariate data sets that would focus
on specific components of visitor use, such
as backcountry campsite use near important
swan habitat or filtering park-wide visitors
to include only those that visited during the
swan breeding season, but these attempts to
capture YNP visitor use in greater detail
were unsuccessful because of limitations in
the data available. The coarset-scale, Park-
wide, annual visitation data therefore were
used to quantify the human disturbance
hypothesis. It is again important to note
that, although some support was found for
the human disturbance, predation and swan
movement/management hypotheses, the
covariate data sets used to quantify these
hypotheses (RRLtrus, TRItrus, Grizzly, Wolf
and VVisitor) were strongly correlated with a
trend through time (Year), resulting in
multiple interpretations. The covariate data
sets included in the RIMCMC modelling
were chosen because of their biological
merit and ability to quantify potential
aspects of the four main hypotheses for
YNP swan decline. While there was no a
priori reason to expect year to affect swan
presence or fledging success, it is possible
that there were unmeasured time-trending
covariates that were not included in the

analysis.
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Both  model suites investigating
Successful/Present wetlands, 1931-1959
and 19602011, were unable to identify any
covariates that were important to include in
the structure of RJMCMC models. Model
covariates that were highly selected in other
model suites, including Year and other time-
trending covariates like 7sitor, Grizzly and
RRLtrus, wete no longer important to
include when investigating Successful/
Present wetlands, likely as a result of the
relative paucity of observations of Successful
wetlands during autumn surveys. This is
particularly true of the later time period
when the annual count of Successful
wetlands was regularly zero (Fig. 2).
Nonetheless, the same pattern was observed
in model random effects for Successful/
Present wetlands across both the earlier and
later time petiods, where wetland-specific
random effects were much larger than
year-specific random effects (see Supporting
Materials Tables S1 & S2). This result
further highlights the importance of specific
water bodies that are far more likely to have
Trumpeter Swans Present and Successful.

Although YNP swan researchers have
recognised many of the locations that are
most frequently visited or used successfully
by breeding Trumpeter Swans, the analyses
presented here identified quantitatively the
wetlands that are most likely to have swans
Present and those that are most likely to
have Trumpeter Swans Successful. The
ranking of these wetlands (Fig, 3) can be a
useful management tool to help focus
targeted management actions, such as the
installation of artificial nest platforms or
release of captive-raised swans outside

of the areas already frequently used. This
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information could also be used to suggest
areas where additional survey flights or
ground observations may be most useful to
further investigate the potential impacts of
human disturbance, predation, or nest
flooding (e.g to compare wetlands that were
most likely to be Successful with wetlands
that were least likely to be Successful).
Lastly, the wetlands that were identified as
being the most likely to be Successful could
be used to suggest specific locations where
temporary closures, such as those around
important nesting lakes and/or hiking trails,
may help to reduce the potential for negative
human disturbance impacts during the
Trumpeter Swan breeding season.
Wetland-specific RJMCMC model random
effects also serve to reinforce something
observed by YNP swan researchers for
some time: a few swan territories function
as “hot spots”, or “productivity engines”
which tend to produce most swan cygnets,
with < 20% of YNP wetlands contributing
> 60% of all fledged cygnets during 1987—
2007 (Proffitt ez al. 2009). Wetland-specific
random effects were larger than any of the
effect sizes of covariates that were highly
selected for inclusion in RIMCMC model
structures (e.g RRLtrus, Grizzly and Visitor),
suggesting that unknown sources of spatial
variation were more important to consider
than the model covariates used to explore
the habitat quality hypothesis (eg SpPCP,
SuTAVG, YRmax and Iceoff). While this
finding serves to reinforce the importance
of habitat quality, what makes some specific
wetlands consistently better swan habitat
than others in YNP remains unknown.
Stable water levels, nesting substrate,
number of potential nest sites, aquatic plant
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diversity and availability, and shoreline
complexity have all been shown in other
studies to be important to the nesting
success of Trumpeter Swans (Hansen ez a/.
1971; Page 1976; Kiviat 1978; Shea 1979;
Maj 1983; Lockman ef al 1987; Squires &
Anderson 1995; Proffitt ez a/. 2010). We lack
a consistent record of these types of habitat
quality metrics in YNP, making it difficult to
explore changes in habitat quality. In their
absence, weather and climate data were
instead used in this study to describe
conditions that were likely to impact swan
habitat. Climate data from the last century
suggests that climate change is responsible
for wetland loss across YNP and GTNP
(Schook & Cooper 2014; Ray et al. 2010).
At the time of their study, McMenamin
et al. (2008) found that drought was more
frequent and more severe from 2000-2007
than at any time during the last century.
Field surveys from 1992-1993 and 2006—
2008 also found that the number of
permanently dry ponds in northern
YNP increased four-fold from 1992-2008
(McMenamin ez al. 2008). Furthermore,
nearly 50% of annual YNP precipitation is
contained in the snowpack on 1 April,
making snowpack size and melt phenology
over the following months critical to soil and
surface water conditions (Despain 1990).
Environmental and climate covariates
therefore seemed to be important proxies
for quantifying habitat quality in the models.
Despite a strong basis for including these
types of data as model covariates, no
environmental or climate covariates were
highly selected for inclusion in the structure
of any RJMCMC models. Weather and
climate proxies may not be able to substitute
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for a more direct observation or
measurement, and some information is
likely lost when some form of proxy is
instead used. Further direct field observations
of Trumpeter Swans may help to
understand the underlying reasons why
swans were present and successful on some
wetlands but absent or unsuccessful at
others, such as causes of mortality,
anthropogenic or natural disturbance of
swans, and factors associated with nest
flooding. As most swans in YNP are
currently not marked, additional insight into
swan behaviour and patterns of habitat use,
especially for the captive-reared swans that
are released annually as part of restoration
efforts, may be improved through the use of
field-readable bands. Recent advancements
in analytical methods suggest that there may
be another viable option. One particular
approach uses Landsat satellite imagery to
accurately estimate surface water extent
from 1984 to the present to reconstruct
hydrological information and to describe
the resiliency of various wetland types to
predicted impacts of climate change
(Halabisky ez al. 2016). Such approaches
have documented surface water decline in
snowmelt-driven watersheds in the western
US. (Donnelly e al. 2020) and the
misalighment of seasonal wetland flooding
with migrating waterbirds in semi-arid
landscapes (Donnelly ez a/. 2019). Applied to
the water resources of YNP, these methods
could support the investigation of changes
in habitat quality on Trumpeter Swan
population trends, and consider how the
Park’s swan habitat may be changed due to
the projected impacts of long-term climate

change.
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Overall, RIMCMC methods for logistic
regression were useful to explore a variety of
covariates tepresenting four hypotheses for
swan decline in YNP, perform both variable
and model selection, and accommodate
the hierarchical nature of the Trumpeter
Swan survey data. Use of model random
effects facilitated the development of a
management tool identifying the lakes, rivers
and wetlands in YNP where Trumpeter
Swans are most likely to be present and
most likely to successfully fledge young.
Further development of covariate data sets,
especially those with wetland-specific values
and those that describe visitor use within
YNP in greater detail, will likely improve the
utility of this modelling approach and allow
a more robust data set to be explored.
Intensive field observations of nesting
Trumpeter Swans and additional survey
flights may allow more detailed covariate
data sets to be developed and some highly
correlated covariate information to be
disentangled.

Patterns in the temporal trends of
Absent, Present, and Successful wetlands
suggest that current restoration activities in
the Park are helping; trends in the number
of Absent, Present and Successful wetlands
shift around the time intensive restoration
efforts began in 2012 (Fig. 2). A sharp
decrease can be seen in the number of
wetlands with swans Absent in the five years
after captive-raised swan releases began in
the Park. In addition, the annual number of
wetlands with Trumpeter Swans Present has
remained higher after the implementation of
restoration efforts than during the five years
preceding them. Additional monitoring of
cygnets observed in the Park, field-readable
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bands on all released restoration swans, or
telemetry work may help to attribute
observations of new swan individuals within
the Park to swan releases or to immigrants
from outside the Park and further evaluate
the efficacy of ongoing restoration efforts
in YNP. Analytical methods that utilise
Landsat satellite imagery to reconstruct
wetland hydrology may help to further
investigate the habitat quality hypothesis for
swan decline. Evidence found in this study,
that swan trends in the broader geographic
area have an effect on the persistence
of swans in the Park, suggests that a
collaborative, regional management strategy
may further contribute to the efforts being
made within YNP to increase Trumpeter

Swan abundance and productivity.

Acknowledgements

Financial support for this research was
provided by Yellowstone Forever, Wyoming
Wetlands Society, The Trumpeter Swan
and  Ricketts
Foundation. Additional funding was provided
by SITKA Gear, the Don C. Quimby Trust,
and Jack Creek Preserve Foundation. We
thank William M. Long for his dependable
support of this research, and Robert A.

Society Conservation

Garrott and Lauren E. Walker for providing
helpful comments on an earlier draft of
the manuscript. We also thank the many
individuals that took the time to meet,
correspond, and provide insights from their
respective fields, especially those from the
National Park Service in Yellowstone
National Park that have contributed to the
long-term monitoring and research of the
Park’s Trumpeter Swans. Appreciation is
also extended to the Greater Yellowstone

©Wildfowl Press

Trumpeter Swan Working Group and all the
dedicated individuals from the broader swan
community, past and present, that have
endeavoured to protect, study and restore
the Trumpeter Swan. We would also like to
acknowledge the influence of the late Ruth
Shea on our research and interpretation of
results. Ruth dedicated her life to Trumpeter
Swans, especially Yellowstone swans, and
many of the ideas and questions we
addressed she had mulled over for a lifetime.
She will be missed most especially as a voice

for swans.

References

Banko, W.E. 1960. 7he Trumpeter Swan: its History,
Habits, and Population in the United States. North
American Fauna, No. 63. US. Fish and
Wildlife Service. United States Government
Printing Office, Washington D.C., USA.

Barrows, M. 1936. Trumpeter Swans of Yellowstone
National Park, Summer 1936. National Park
Service, Yellowstone National Park, USA.

Bart, J., Mitchell, C.D., Fisher, M.N. & Dubovsky,
J.A. 2007. Detection ratios on winter surveys
of Rocky Mountain Trumpeter Swans Cygrus
buccinator. Wildfow! 57: 21-28

Condon, D.D.L. 1941. Preliminary report on the
Trumpeter Swan of Yellowstone National
Park. National Park Service unpubl. report.
National Park Service, Yellowstone National
Park, USA.

Cooper, JA. 1979. Trumpeter Swan nesting
behaviour. Wildfow! 30: 55-71.

Despain, D.G. 1990. Yellowstone
Consequences of Environment and History in a
Natural Setting. Roberts Rinehart Publishers,
Boulder, USA.

de Valpine, P, Turek, D., Paciorek , C., Anderson-
Bergman, C., Temple Lang, D. & Bodik,
R. 2017. Programming with models:

Vegetation:

writing statistical algorithms for general

Wildfow! (2024) Special Issue 7: 89-114



112 Trumpeter Swan decline in Yellowstone National Park

model structures with NIMBLE. Journal of
Computational and Graphical Statistics 26: 403—
413.

Donnelly, J.P, Naugle, D.E., Collins, D.P. Dugger,
B.D., Allred, B.W., Tack, ].D. & Dreitz,
V.J. 2019. Synchronizing conservation to
seasonal wetland hydrology and waterbird
migration in semi-atid landscapes. Ecosphere
10: 1-12.

Donnelly, J.P, King, S.L., Silverman, N.L.,
Collins, D.P.,, Carrera-Gonzalez, E.M.,
Laféon-Terrazas, A. & Moore, J.N. 2020.
Climate and human water use diminish
wetland networks supporting continental
waterbird migration. Global Change Biology 26:
2042-2059.

Drewien, R.C., Clegg, K. & Shea, RE. 2002.
Use of winter translocations to expand
distribution of Trumpeter Swans in the
western United States. Waterbirds 25 (Special
Publication No. 1): 138-142.

Elliot, C.R. & Hektner, M.M. 2000. Wetland
Resources of Yellowstone National Park. National
Park Service, Yellowstone National Park,
USA.

Gelman, A. & Rubin, D.B. 1992. Inference from
iterative simulation using multiple sequences.
Statistical Science T: 457—472.

Green, PJ. 1995. Reversible jump Markov chain
Monte Carlo computation and Bayesian
model determination. Biometrika 82: T11-732.

Groves, D.J. 2017. The 2015 North American
Trumpeter Swan Survey. U.S. Fish and Wildlife
Service, Juneau, USA.

Halabisky, M., Moskal, L.M., Gillespie, A. &
Hannam., M. 2016. Reconstructing semi-arid
wetland surface water dynamics through
spectral mixture analysis of a time series of
Landsat satellite images (1984-2011). Remote
Sensing of Environment 177: 171-183.

Hansen, H.A., Shepherd, PE.K,, King, ].G. &
Troyer, W.A. 1971. The Trumpeter Swan in
Alaska. Wildlife Monographs 26: 3-83.

©Wildfowl Press

Henson, P. & Grant, T.A. 1991. The effects of
human disturbance on Trumpeter Swan
breeding behavior. Wildlife Society Bulletin 19:
248-257.

Kiviat, E. 1978. Vertebrate use of muskrat lodges
and burrows. Estuaries 1: 196-200.

Koel, T.M., Tronstad, L.M., Arnold, J.L.
Gunther, K.A., Smith, D.W., Syslo, ] M. &
White, PJ. 2019. Predatory fish invasion
induces within and across ecosystem effects
in Yellowstone National Park. Stience Advances
5:1-11.

Lockman, D.C., Wood, R., Burgess, H., Burgess,
B. & Smith, H. 1987. Rocky Mountain Trumpeter
Swan Population, Wyoming Flock, 1982—1986.
Wyoming Game and Fish Department,
Cheyenne, USA.

Maj, M.E. 1983. Analysis of Trumpeter Swan
habitat on the Targhee National Forest of
Idaho and Wyoming (M.S.). University of
Montana, USA.

McEneaney, T. 1986. Movements and Habitat Use
Patterns of the Centennial Valley Trumpeter Swan
Population (Montana) as Determined by Radio
Telemetry Data. Red Rock Lakes National
Wildlife Refuge, Lima, USA.

McEneaney, T. 2006. Yellowstone Bird Report 2005.
National Park Service, Yellowstone National
Park, Mammoth, USA.

McEneaney, T. & Sjostrom, R. 1986. Trumpeter
Swan  Movements and Seasonal Use Centennial
Valley (Montana): An Analysis of Neck-banding
Data. Red Rock Lakes National Wildlife
Refuge, Lima, USA.

McMenamin, S.K., Hadly, E.A. & Wright, CK.
2008. Climatic change and wetland desiccation
cause amphibian decline in Yellowstone
National Park. Proceedings of the National
Academy of Sciences 105: 16988—16993.

Mitchell, C.D. & Eichholz, M.W. 2020.
Trumpeter Swan (Cyguus buccinator). In P.G.
Rodewald (ed.), Birds of the World. Cornell Lab
of Ornithology, Ithaca, USA.

Wildfow! (2024) Special Issue 7: 89114



Trumpeter Swan decline in Yellowstone National Park 113

Mitchell, C.D. & Shandruk, L. 1992. Rocky
Mountain Population of Trumpeter Swans:
status, disttibution, and movements. Proceedings
and Papers of the Trumpeter Swan Society
Conference 13: 3—18.

National Park Service (NPS) 2019. Yellowstone
National Park visitor use statistics. Public
Use Statistics Office, National Park Service,
Department of the Interior, Washington
DC, USA.

Olson, D. Rocky Mountain Population of
Trumpeter Swans Cygnus buccinator (U.S.
Breeding Segment): results of the autumn
2022 survey and long-term trends. Wildfow!
(Special Issue No. 7): 76-88.

Olson, D., Warten, J. & Reed, T. 2013. Satellite-
tracking the seasonal locations of Trumpeter
Swans Cygnus buccinator from Red Rock Lakes
National Wildlife Refuge, Montana, USA.
Wildfow! 59: 3-16.

Pacific Flyway Council. 2017. Pacific Flyway
Management Plan  for the Rocky Mountain
Population of Trumpeter Swans. Pacific Flyway
Council, US. Fish and Wildlife Service,
Division of Migratory Bird Management,
Vancouver, USA.

Page, R.D. 1976. The ecology of the Trumpeter
Swan on Red Rock Lakes National Wildlife
Refuge. Unpubl. Ph.D. thesis, University of
Montana, Missoula, USA.

Proffitt, K.M., McEnecaney, T.P., White, P.J.
& Garrott, R.A. 2009. Trumpeter Swan
abundance and growth rates in Yellowstone
National Park. 7he Journal of Wildlife Management
73: 728-736.

Proffitt, K.M., McEneaney, T.P., White, PJ. &
Garrott, R.A. 2010. Productivity and fledging
success of Trumpeter Swans in Yellowstone
National Park, 1987-2007. Waterbirds 33:
341-348.

R Core Team. 2023. R: A Langnage and
Environment  for  Statistical ~ Computing. R

Statistical

Foundation for Computing,

©Wildfowl Press

Vienna, Austria. Available at https://www.
R-project.org/ (last accessed 7 August 2024).
Ray, A.M., Gould, WR. Hossack, BR.
Sepulveda, A.J., Thoma, D.P, Patla, D.A.,
Daley, R. & Al-Chokhachy, R. 2016.
Influence of climate drivers on colonization
and extinction dynamics of wetland-
dependent species. Eeosphere 7: €01409.

Schloerke, B., Cook, D., Larmarange, J., Briatte,
I, Marbach, M., Thoen, E., Elberg, A. &
Crowley, J. 2021. GGally: Extension to ‘ggplot2’.
R package Version 2.1.0. R Foundation for
Statistical Computing, Vienna, Austria.

Schook, D.M. & Cooper, D.J. 2014. Climatic and
hydrologic processes leading to wetland
losses in Yellowstone National Park. Journal of
Flydrology 510: 340-352.

Shea, R.E. 1979. The ecology of Trumpeter
Swan in Yellowstone National Park and
vicinity. Unpubl. M.Sc. thesis, University of
Montana, Missoula, USA.

Shea, R.E., Nelson, HK., Gillette, L.N., King,
J.G. & Weaver, D.K. 2002. Restoration of
Trumpeter Swans in North America: a
century of progress and challenges. Warserbirds
25 (Special Publication No. 1): 296-300

Shea, R.E., Garton, E.O. & Ball, 1.]. 2013. 7he
History, Ecology and Management of the Rocky
Mountain Population of Trumpeter Swans (1931—
7986). North American Swans 34. The
Trumpeter Swan Society, Plymouth, USA.

Shields, E.M. 2021. Retrospective analysis of a
declining Trumpeter Swan (Cygnus buccinator)
population in Yellowstone National Park.
Unpubl. M.Sc.
University, Bozeman, USA.

Smith, D.W. & Chambers, N. 2011. 7he Future of
Trumpeter Swans in Yellowstone National Park.
Final report summarizing expert workshop,
26-27 April 2011. National Park Service,
Yellowstone National Park, USA.

Smith, D.W,, Baril, L., Strait, L., Haines, D,
Cassidy, B. & Duffy, K. 2016. Yellowstone

thesis, Montana State

Wildfow! (2024) Special Issue 7: 89-114



114 Trumpeter Swan decline in Yellowstone National Park

National Park Bird Program Annual Report
2075, National Park Service, Yellowstone
National Park, USA.

Smith, D.W,, Stahler, D.R., Cassidy, K.A., Stahler,
E., Metz, M., Meyer, C., Rabe, J., Tatton,
N., SunderRaj, J., Carroll, L., Jackson, M.,
Cassidy, B & Loggers, E. 2020. Ye/lowstone
Wolf Project Annnal Report 2019. National Park
Service, Yellowstone National Park, USA.

Smith, D.W,, Shields, E.M., Long, W.M., Shea, R.,
Walker, L.E. & Rotella, J. 2023. Yellowstone’s
iconic bird: the Trumpeter Swan. /z D.W.
Smith, L.E. Walker & K. Duffy (eds.),
Yellowstone’s Birds: Diversity and Abundance in the
Worlds First National Park, pp. 157-170.
Princeton University Press, Princeton, USA.

Squires, JR. & Anderson, S.H. 1995. Trumpeter
swan (Cygnus buccinator) food habits in the
greater Yellowstone ecosystem. 7he American
Midland Naturalist 133: 274-282.

Stahler, D., Heinrich, B. & Smith, D. 2002.
Common Ravens, Corvus corax, preferentially
associate with Gray Wolves, Canis lupus, as a
foraging strategy in wintet. Animal Bebavionr
64: 283-290.

White, PJ., Gunther, K.A. & Van Manen, ET.
(eds.). 2017. Yellowstone Grizzgly Bears: Ecology
and  Conservation of an leon of Wildness.
Yellowstone Forever, Bozeman, USA.

Youngflesh, C. 2018. MCMCyvis: Tools to
visualize, manipulate, and summarize MCMC
output. Journal of Open Source Software 3: 640.

Photograph: Trumpeter Swan in flight, by Scott Heppel.

© Wildfowl Press

Wildfow! (2024) Special Issue 7: 89114




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


