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was shorter for captive-released than for
wild-hatched females (26.4 vs. 47.9 km) and
also for male swans (34.3 vs. 60.7). However,
by the end of  the study period in 2010, the
model predicted migration distances to be
nearly identical for males and females, and
confidence intervals for female captive-
released and wild-hatched swans overlapped
(Table 1, Fig. 5). 

Discussion

Our study found evidence for a linear
increase in the breeding range of  Trumpeter
Swans in southwest and central Ontario
from 1991–2010. The breeding range of  
the flock in 2010 was 4,817,904 ha, or
approximately 16× larger than in 1991 
(Fig. 2). The linear growth is atypical from
the logistic and geometric growth that is

commonly detected for re-introduced or
colonising populations (Mills 2007).
Although not detected in our statistical
analysis, breeding range expansion appeared
to slow or stop by 2004, after which the
OTSRG reintroduction programme ceased.
Thus, the linear trend we detected could be
the result of  a relatively short time-series.
Hereon, we discuss several hypotheses for
this pattern of  range expansion by
Trumpeter Swans in Ontario.

During the re-introductions in 1982–
2006, captive-reared swans were released
throughout Ontario in an opportunistic
manner, in and outside of  their expanding
range (H. Lumsden, pers. comm.). When 
the released swans successfully fledged
offspring, these release locations would have
served as new starting points for range

Figure 4. Sightings of  tagged non-migrating Trumpeter Swans in Ontario 1982–2010. Circles represent
sightings at release sites (n = 572) and triangles are sightings that differ geographically from release sites
(n = 44). 
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Table 1. Parameter estimates (θ), standard errors (s.e.) and 90% confidence intervals (CI)
derived from the quadratic model for change in migration distance of  Trumpeter Swans
between wintering and estimated breeding areas in Ontario, 1982–2010. 

Parameter θ s.e. 90% Cl

Intercept 13.49 0.65 12.43 to 14.55

Sex (Female) –0.28 0.11 –0.46 to –0.10

Status (Released) –1.68 0.36 –2.27 to –1.08

Year –0.28 0.06 –0.37 to –0.18

Year2 × Status (Released) 0.0100 0.0017 0.0070 to 0.0127

Year2 × Status (Wild) 0.0072 0.0014 0.0049 to 0.0094
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Figure 5. Model predicted change in migration distance by male and female Trumpeter Swans in
southwest and central Ontario that were captive-released and wild-hatched, 1982–2010. Mean
difference between the lower confidence and upper confidence limits were: wild hatched male = 
0.48 km, captive released male = 0.50 km, wild hatched female = 0.52 km, captive released female =
0.50 km.
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expansion and for increasing breeding
territory density within their current range.
Filling of  breeding territories through 
the wild-hatched swans establishing new
territories could have played a density-
dependent role, whereby Trumpeter Swans
needed to colonise new areas on the
periphery of  their range as territories in the
interior of  their range became colonised.
Thus, the linear pattern of  range expansion
we detected could have resulted from a
combination of  releases of  captive-reared
swans beyond their previous range and the
need by wild-hatched swans to settle in
unoccupied territories when seeking breeding
territories for the first time. The apparent 
lack of  range expansion following 2004 may
also be an artefact of  Trumpeter Swans
tending to establish breeding territories north
of  release or nesting sites (H. Lumsden, pers.
comm.), an area where human population
density and thus the potential for re-sightings
decreases substantially. We therefore consider
that a combination of   density-dependence
and observer-bias effects are plausible
mechanisms for the range expansion pattern
detected, with further study required to
determine the influence of  each in
influencing changes to the swans’ breeding
distribution.  

In 2015 the Canadian Wildlife Service
and US Fish and Wildlife Service conducted
aerial surveys over areas of  lower human
population density in northwest Ontario.
These breeding area surveys detected a
substantially greater number of  Trumpeter
Swans during late summer (n = 1,076)
compared to a ground-based count in 2010
(n = 279; Badzinski & Earson 2015). While
the difference could result primarily from

changes in methodology, standardised aerial
winter surveys also corroborate these
findings with 1.6 times more swans counted
in 2015 (n = 924) than 2010 (n = 594) in
southern Ontario (Badzinski & Earson
2015). Lakes and ponds are abundant in the
boreal forest region of  Ontario and many
could serve as potential breeding territories
for an increasing Trumpeter Swan
population (Ducks Unlimited Canada 2010).
Given the abundance of  nesting habitats, it
seems that the lack of  a change detected in
estimated range size from 2004 through to
2010 represents a spatial bias because
observers are not available to report marked
Trumpeter Swans using northern areas. The
increase in abundance detected by aerial
surveys is consistent with our results and we
therefore propose that a linear expansion
best explains the Trumpeter Swans’
estimated breeding range. 

Results suggest that 47% of  the
Trumpeter Swans in southwest and central
Ontario did not migrate between wintering
and breeding areas, but rather remained
year-round at single localities. The patterns
of  survival imposed upon the Rocky
Mountain Population could have resulted 
in a reduction in migratory distance that 
was inherited among the re-introduced
Trumpeter Swans in southern Ontario
(James 2000). A lack of  migration is a
characteristic of  several re-introduced
Trumpeter Swan flocks and although
supplementary feeding has been suggested
as a causal factor, there is no consensus on
the impact of  supplemental feeding on
migration behaviour (Gillette 2005; Slater
2006). However, there is agreement that
supplemental feeding reduces within-winter
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movements and increases survival rates of
Trumpeter Swans (Gillette 2005; Slater 2006;
Lumsden 2007b). Our models predicted an
initial decrease in migration up until 1995
(females) and 2000 (males). Thereafter,
migration distances of  Trumpeter Swans
increased through to 2010. We are uncertain
why migration distances would have declined
initially, but think that subsequent increases
in migration distances could have been
caused by the need to migrate farther north
to find available breeding territories. Also,
wild-hatched Trumpeter Swans had greater
migration distances than captive-reared
swans. An increasing proportion of  wild-
hatched Trumpeter Swans in the population
could have further increased the need to
migrate farther as these birds filled breeding
territories in areas farther north than captive-
released birds. More recently, the need for all
swans to migrate increasingly farther north
to breed may have resulted in the similar
migration distances of  wild-hatched and
captive-released swans we observed by 
2010. Supplemental feeding could influence
propensity to migrate, but additional
understanding of  individual Trumpeter
Swan foraging behaviour and migration is
necessary to understand the role of  this
common practice for Trumpeter Swan
reintroductions across North America
(Slater 2006). 

Throughout North America, supplemental 
feeding has been recommended to increase
Trumpeter Swan survival until migratory
routes are established, and provision of
food resources are recommended for swans
exploring habitats at southern latitudes
(Gillette 2005). It is hypothesised that
reducing supplemental feeding in a timely

manner could result in the development of  a
population that learns to migrate and exploit
waste agricultural grain during winter at
southern latitudes in the United States
(Gillette 2005). However, continued
supplemental feeding may also encourage
residency of  Trumpeter Swan flocks,
decrease migratory behaviours and
contribute to overcrowding and increased
risk of  mortality events (Slater 2006). During
severe winters, swans are at greater risk of
mortality (Esselink & Beekman 1991).
Without supplemental feeding severe winters
could serve as a survival bottle-neck when
swans in relatively poor body condition, or
swans that do not leave for the winter, are
more likely to starve. Severe winter survival
bottle-necks may thus reinforce migratory
behaviour, but this might not occur when
supplement feeding is used, hindering the
establishment of  migration in the re-
introduced birds. We suggest that marking
Trumpeter Swans with Global Positioning
System (GPS) tracking devices, as well as
comparing the movements of  individual
birds when supplemental feeding is
occurring and after it has been discontinued,
would provide valuable insight into the
influence of  supplemental feeding on the
swans’ migratory behaviour. 

Additional modelling of  southwest and
central Ontario Trumpeter Swan abundance
growth rates since the start of  the
reintroduction programme, using the wing-
tag data and mark-recapture methods, would
help to refine the assessment of  Trumpeter
Swan range expansion in Ontario and more
widely. Including weather data in the
analyses would further help to understand
Trumpeter Swan migration during the non-
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breeding period. During severe winter
weather events, Trumpeter Swans are
observed in the Finger Lakes region of
central New York and most of  these swans
do not have yellow wing tags representative
of  the birds marked in southwest and
central Ontario (M. Schummer, pers. obs.).
Because central New York does not have a
well-established breeding flock of  Trumpeter 
Swans (n ≤ 5 breeding pairs), and those 
that do breed there are marked with 
green patagial tags (J. Eckler, New York
Department of  Environmental Conservation, 
pers. comm.), at least some of  the wintering
swans are suspected to be wild unmarked
Trumpeter Swans from southern Ontario
that are not using supplemental feeding sites
but follow traditional migration routes
southward when weather severity thresholds
are met (sensu Schummer et al. 2014).
Determining the annual movement patterns
of  breeding Trumpeter Swans marked with
GPS telemetry devices would again provide
more precise movement patterns of  swans
for analysis, and would help track swans in
areas with lower human population densities
during the breeding period. These GPS data
would be beneficial to conservationists
concerned with their population dynamics
and migratory behaviour. Further, lack of
movement from release sites suggests that
supplemental feeding programmes should
be quantified and evaluated empirically, so
that feeding may be managed properly to
maximise the benefit to the Trumpeter
Swans in southwest and central Ontario. 
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