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Abstract.—Long Poing, Lake Erie, is an important spring and astumn siaging area for Eastern Population Tun-
ira Swans { Cygres colombianus coluwmbianusy. Habitat use and trend in numbers of Tundra Swans at Long Point were
assessed using data from twelve Tundra Swans fitted with satellite transmitters and tracked locally, acrial surveys of
swans on water {1971-1999), and roadside surveys of swans in ficlds (19982000}, Mean peak autumn aguatic
counts at Long Poiat increased from 442 Tundra Swans in the 1970s to 7,177 in the 1990s, The proportion of the
Eastern Population of Tundra Swans using Long Point during peak one-day autwmn counts increased from <1% in
the 1970s to nearly 8% in the 1990s: In contrast, there was no change in peak spring aquatic counts. Tundra Swans
were located in agricultural fields more often in spring (74% of diurnal satellive locations) than in autumn {9%).
Daring spring, most (65%) swans using terrestrial habitats were observed in corn (Zea mays) fields, whereas during
autinn, most (67%) were in winter wheat { Triticuon duriem) fields. Seasonal differences in use of fields appeared o
influence wetland habitat use; during spring, when agriculniral fields were used extensively, Tundra Swans were lo-
cated in those aquatic habitats that were closest to fields. However, during autuma, when aquatic plants were their
primary forage, swans tended to use aquatic habitaws closer to the tip of Long Point. Given the potential for Tundra
Swans to influence the structure of waterfow! cornmunities and aquatic habitats, and the overall lack of information
about staging Tundra Swans, further research into the ecological importance and use of spring and autumn stop-

over sifes is warranted,
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Fastern Population Tundra Swans (Gyg-
nus columbianus columbianus) make extensive
annual migratons between Atlantic coast
wintering areas and arctic breeding areas,
which extend from Baffin Island to the west-
ern edge of northern Alaska {Sladen 1973},
However, Tundra Swans lose weight during
winter and depart Atlantic coast wintering
areas in spring at their lowest annual body
mass (Boritner 1985). Further, due to the
temporal and nutritional constraints of
breeding at high latitudes, Tundra Swans are
likely to arrive on their arctic breeding areas
with most of the lipid and protein reserves
necessary to begin breeding (Alisauskas and
Ankney 1992}, Consequenty, Tundra Swans
are replenishing and acquiring nutrient re-
serves when they are incurring substantial
energetic costs associated with spring migra-
tion. During autumn migration, juveniles
probably continue to grow, and adulis are
likely to be replenishing reserves used dur-
ing reproduction and wing molt. Events and

conditions at migratory stopover sites, there-
fore, are important for Tundra Swan repro-
ductive success, growth and survival.

After being harvested commercially and
non-commercially throughout the 180s and
early 1900s, Tundra Swans were given total
protection under the Migratory Bird Treaty
Actof 1916, Consequently, North American
Tundra Swan populations rebounded; the
Eastern Populadon has surpassed 100,000
birds (Serie et ol 2002} and a limited sport
harvest was initiated in 1983 (Serie and Bar-
tonek 1991). The steady increase in North
America’s Tundra Swan populations has also
been attributed to their declining use of tra-
ditional ‘aquatic foods and increased reli
ance on readily available, highly nutritious
agricultural grains on wintering and staging
areas {Munro 1981).

Despite the perceived importance of mi-
gratory stopover areas 1o Tundra Swans, and
the substantial increase in the Eastern Popu-
lation over the last half century, livde is
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known about the habitat use or population
status of this species at key spring and au-
tumn staging areas (but see Earnst 1994,
Thorson e a. 2002). Therefore, the objec-
tives of this paper are to (1) document long-
term trends in Tundra Swan numbers at
Long Point, Ontarlo, (2) compare macro-
habitat (aquatic versus tervestrial} use during
spring and autumn migraton, (3) describe
seasonal differences in use of agricultural
fields and {4) provide baseline information
for subsequent studies of Tundra Swan stag-
ing ecology at Long Point and elsewhere.

STUDY ARFA

Long Paint is a 35-km sandspit extending into the
castern basin of Lake Erie (B0°30°E, 42°35°N to BOSG3'E,
42°83’N; Fig. 1). This spit partially encompasses and
protects a 28,000-ha lacustrine embayment (Inner
Bay} and 24,000 ha of palustrine wetlands. The Inner
Bay is shallow {mean depth = 2 m), and over 90% of the
bottom is covered by submerged aquatic vegetation
(Wiicox 1994; Knapton and Petrie 1999).

Much of the area surrounding Long Point is a sand
plain that is farmed intensively for whbaceo which pro-
vides limited foraging opportunities for waterfowl. How-
ever, a 7,600-ha clay plain at the base of Long Point s
farmed extensively for cors (Zen mays), winler wheat
{ Triticum duriem) and soybeans { Gheine max), which pro-
vide foraging opportunities for ficld-feeding ducks,
geese and swans,

METHODS

Acrial Surveys {1971-199%)

Waterfowl were surveved on Long Point’s wetlands
in the spring and autumn by the Canadian Wildlife Ser-
vice during 1971, 1975, 1979, 1984, 1986 and 1988, and
by the Long Point Waterfow! and Wetlands Research
Fund from 1991 1o 1999 (Fig. 1}. All eight of Long
Paint's wetland complexes were surveyed extensively by
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Figure 1. Geographic location of Long Point Bay, Lake
Erie, and area covered by aerial aquatic (1971-1999)
and ground-based terresirial (1998-2000) waterfowl
Surveys.

two observers in a fixed-wing aircraft at an altitude of
106 m. Generally five or six survey flights were flown
during each spring and autaman in each year, Observers
identified and estimated the number of each waterfowl
species along each transect. Seasonal waterfow! use was
calculated by averaging the number of waterfowl couns
ed during two consecutive surveys and multiplying the
mean by the number of days between the two survey
days (Dennis o ol 1984). Estimates were calculated for
spring {} March-I5 May} and autumn (1 September—-15
December}, and these estimates were then summed 1o
generate total use-days for cach species.

To assess the total biomassdays of Tundra Swans
{spring and autumn combined}, retative to other wates
fowl at Long Poing, the average mass of each waterfowl
species ([male + female]/2; from Belirose 1980} was
muliiplied by the number of use-days for that species.
Four one-way ANOVAs were ased to determine if there
were differences in wtal biomass-days {combined spring
and autumn} between Tundra Swans and dabbling
ducks (adl spp. combined), diving ducks (all spp. com-
bined), Canada Geese (Branta canagdensis), or Mute
Swans (Cygnus olor) for the periad 1991-1999. A analy-
ses were performed using SYSTAT {(Wilkinson 1988},

To determine longterm ends in Tundra Swan use
of Long Point, linear regression was performed on peak
spring and peak autumn counts and on wial Tundra
Swan use-days. The percentage of the Eastern Popula-
tion counted during peak datly counts (for each season)
was calculated using daia from the annual Midwinter
Waterfowl Index (U.S. Fish and Wildlife Service 2000}
and analyzed using Hnear regression. This enabled us wo
determine if the refative importance of Long Point to
staging Eastern Population swans had changed since the
1970s. A Mann-Whitney U-test was used to determine if
there were seasonal differences in the proportion of
Tundra Swans using each of eight Long Point wetland
units, and to determing if there were seasonat differenc-
es in number of swans using Long Point’s wetlands {all
wetland units combined}.

Satellite Fracking

Satellite wansmitters {Microwave Telemetry, Inc.,
Columbia, Maryland) were attached by backpack-har-
ness {95 g ransmitter) or by neck collar (30 g transmmit-
ter) to Tundra Swans captured at Long Point during
spring 1998 (N = 4}, autumn of 1998 {N = 3) and spring
of 1999 (N = 5). Akthough wansmitters were deployed as
part of a separate study of migration, in this study we use
locations recorded while birds were at Long Point to as-
sess macrohabitat use (aguatic versus terrestrial). Trans-
mitters deployed during 1998 {attached by backpack
karness) were programmied to transmit 24 b per day for
one month to optimize location information while birds
were at Long Foint. Transmitters deploved during 1999
(attached by neck coliar} had a transmission frequency
of 8 h per day during the first month of aperation. Bird
movements were monitored with the Argos satellite
tracking system {Argos 1996}, Satellite signals were con-
verted to locations by Argos CLS (Landover, Maryland}.
Each location was assigned a class which depended on
number and quality of messages received. Class 1 {esti-
orated acouracy = 350 to 1,000 m), 2 (150 10 350 m), and
3 (<150 m} locations were included in the analysis of
habitat use [(Argos 1996}, Each bird was considered a
separate sampling unit and none of the birds were
tracked for more than one season. ArcView and Ontario
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Base Maps {1:50,000) were used o assign an aquatc or
agricuitural habitat type to each location,

Bue 1o the possibility of assigning swan locations to
the wrong habitat type, based on error estimazes of satel-
iite locations, a 1,000-m buflfer zone was established
along the aquaticterrestrial interface and all locadons
occurring in this buffer were exduded from analysis, A
Mann-Whitney U-test was used to determine if there were
seasonal differences in the proportion of locations re-
cetved for each bird in aquatic and agricultural habitas.

Terrestnal Roadside Sarveys

Based on preliminary results of local sateliite track-
ing, and known. field use by swans at Long Point, a 100
kin inland roadside survey route was established
throughout the clay plain at the base of Long Peint. The
standardized survey route was driven by one observer
10-32 rimes per season during antumn in 1998 and 1999
and spring in 1999 and 2000. Starting points (north ver-
sus souih) and times (between 08.00-16.00 h) were ran-
domized. Flock size, time, fickd 1ype and location were
recorded for each flock observed during surveys. Sea
sonal comparisons in the number of birds cbserved
{per survey} in agricultural fields were made using
Mann-Whitney U-tests, The percentage of swans located
in each crop type (corn, winter wheat, soybeans, piowed
fields) is reported, but not analyzed statistically as values
were not corrected for availabitity. Means & 8Es are giv-
en throughout.

Field reconnaissance was completed during spring
and autumn 1998 to identify the total area of cach crop
type in the terrestrial survey area. Crops were ideniified
and labeled on 1:100600 aerial phowographs (1995}, and
field boundaries were then digitized into a geographic
information system.

RESULTS

Peak autumn counts increased from an
average of 442 Tundra Swans in the 1970s
{i.e., 1971, 1975 and 1979) 1o an average of
7,177 in the 1990s (1991~1999 inclusive)} (b
=322 £ 64.8, 1", = 0.66, P < 0.001, Fig. 2). In
contrast, there was no change in mean peak
spring counts during that tme (b = 6.1 %
43.5, 1%, = 0.002, n.s., Fig. 2). Peak autumn
counts represented 0.7% (442 of 61,167) of
the Fastern Population of Tundra Swans in
the 1970s, 2.4% (3,866 of 94,000) in the
1980s and 7.9% (7,177 of 92,500} in the
1990s (b = 0.34 £ 0.08, 7, = 0.57, P < 0.01,
Fig. 3). Annual Tundra Swan use-days
(spring and auntuimn combined) increased
from 40,888 use-days in 1975 to 269,444 use-
days in 1999 (b = 13,348 + 2,790, r*, = 0.66,
I' < {001}, corresponding to an increase in
biomass-days fraom 278,035 kg-days in 1975 to
1,832,246 kg-days in 1999. Although, the es-
timate of Tundra Swan biomass-days was sub-

TiPgak spring
8 W Feak autumn

Thousanets of Turidra Swans
(=3

& &8 Selitddds

Figure 2. Peak annual spring and autuma counts of Tun-
dra Swans at Long Point, Lake Erie, 1971--1999.

stantially lower than that for diving ducks
{F, =96, P < 0.01}, it was similar to the es-
thmate for dabbling ducks (F, ,, = 0.81, n.s},
and was greater than estimates for Canada
Geese (F, ;= 36, P <0.001) and Mute Swans
(F, ;= 30.6, P < 0.001, Fig. 4).

During autamn, 198 satellite locations
(class 1, 2 and 3) were received from three
Tundra Swans at Long Point, and 80 loca-
tions were received from nine swans in spring
(Fig. 5). Tundra Swans were located in agri-
cultural fields less often during autumn (3 =
5% of locations received, range = 1-11% for
individual swans) than during spring (3 =
38%, range = 25-56%, U = 12, P < 0.05).
When only daytime locations (06.00-18.00 h)
were included, 9% of autumn locations and
74% of spring locations were in agricultural
habitats. Simifarly, more Tundra Swans were
counted in agricultural habitats during spring
roadside surveys (¥ =704+ 185, N=24) than
during autumn readside surveys (¥ = 78 &
23, N=52,1=310.5, P < 0.001, Fig. 6). Con-
versely, more swans were counted in aquatic
habitats during autumn aerial surveys (% =
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Figure 3. Percentage of Eastern Population (EP) Tun-
dra Swans counted (peak daily count) at Long Point,
Lake Erie, during autumn aerial surveys, 19711999,




146

Milions of kg-days

Figure 4. Mean annual biomass-day (£ SE) of waterfow!
staging at Long Point, Lake Erie, based on waterfowl
days (spring and autummn) and average species mass,
16891-1999. Species and species groups not sharing the
sarne Jetter are statistically different,

6,302 + 1,094, N = 10) than during spring
aerial surveys (x =473+ 139, N =6, U = 86,
P < 0.001, Fig. 6). With the exception of an
18% reduction in corn availability between
spring and autumn in 1998, there were no
between-season changes in the relative avail-
ability of agricultural crops in the study area
(Table 1). During spring, 65% of birds ob-
served in agricultural habitats were in corn,
24% were in winter wheat, 8% were in soy-
beans, and 2% were in plowed fields. During
antumn, 67% were in winter wheat, 7% were
in corn, 10% were in soybeans, and 16%
were in plowed fields.

During spring, when swans spent consid-
erable time feeding in terrestrial habitats,
wetlands close to agricultural fields (Big
Creek, U= 1,100, P < 0.001; Crown Marsh, U
=800, P < 0.05; Turkey Point Marsh, U =911,
P = (0.05) had higher proportional use than

Spring - tiangles
Auturnn - circies

Figure 5. Locations of three Tundra Swans tracked in
the antumn and nine in the spring at Long Point, Lake
Erie, 19982000, using sateflite tefemetry, Locations
within a 1,000-m buffer between aquatic and agricultur-
al habitats are exchuded.
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Figure 6. Mean number of Tundra Swans counted at
Long Point, Lake Erie, during roadside agriculturat (A)
and aerial aquatic {B) surveys (19981999}, Numbers
above bars represent total number of surveys for that
time periad,

they did during autumn (Fig. 7). Conversely,
those wetland complexes closer to the tp of
Long Point (Long Point Company Marsh, U
= 350, P < 6.001; Long Point National Wild-
life Area, U = 340, P < 0.001; Tip of Long
Point, U = 229, P < 0.001) had higher pro-
portional swan use during avtumn (Fig. 7).

DISCUSSION

Population Trends

Long Point Bay is an important spring
and autumn staging area for Fastern Popula-
tion Tundra Swans {Petwrie 1998) and au-
tumn use of this area has increased
substantially since the 1970s (Fig. 2). Fastern
Population Tundra Swan numbers have dou-
bled over the past 40 years (Serie of ol 2002)
which probably contributed to their in-
creased use of Long Point. However, because
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Table L. Relative availability (ha) of agricutamal crops in
the Long Point study area during spring and autumn,
1998,

Crop type Spring Agtumn
Corn 1,720 1,463
Winter wheat 173 173
Sovbeans 98 98

mean peak autumn counts increased from
0.7% of the estimated Eastern Population in
the 1970s to 7.9% in the 1990s, other factors
have probably conuibuted to the increased
use of Long Point in recent years.

Colonization by filter-feeding Zebra Mus-
sels (Dreissena polymorpha) and reduced phos-
phorus inputs to Lake Erie have resulted in
increased light penetration, which has
changed the aquatic macrophyte communi-
ties of Long Peoint Bay (Knapton and Petrie
1999; Petrie and Knapton 1999). This has
resulted in increased abundance and avail-
ability of Vallisneria americana (Wild Celeryy,
Elodea canadensis (Canadian Waterweed), and
Najas spp. {Naiad), all important foods for
waterfowl (Petrie 1998; Knapton and Petrie
1999). This increased availability of aquatic
plant foods, most notably V. americana (5. 5.
Badzinski, pers. obs.), has probably increased
the carrying capacity of Long Point’s wedands
for Tundra Swans.

Temperature data from the National
Oceanic and Atmospheric Administration
meteorological station at Erie, Pennsylvania
(42°05°N, BO°I1'W), about 35 km south of
Long Point, show that midwinter air temper-

Figure 7. Percentage of Tundra Swans observed in each
of eight Long Point, Lake Erie, wetand anits during
spring and autumn aerial waterfowl surveys conducted
during 16 years between 1971 and 2000,
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ature (1 November o 1 March) of the lower
Great Lakes increased {rom an average of
-1.28°C during 1970-1979 to +1.27°C during
1990-1999. These milder winters in recent
years have probably enabled birds to remain
at Long Point longer in antumn. Notably,
the mean number of Tundra Swans counted
during Christmas Bird Counts at Long Point
increased from 62 birds during 1970-1979 to
1,819 birds during 1990-1999 (Butcher 1990).

Tundra Swans began consuming cereal
grains and the shoots of winter wheat in the
1960s and 1970s (Nagel 1965; Tate and Tate
1966; Munro 1981). This change in diet has
quite possibly influenced migratory patterns
as well as duration of stay at certain staging
areas. There has been a 204% increase in
corn production in Norfolk County since
1961 (Government of Canada, unpub. data).
This increase may have also influenced dura-
tion of stay in the autumn since Tuandra
Swans appeared to spend more time in fields
in late autern (Fig. 6).

Lack of a long-term trend in peak spring
counts may be attributed to more variability
in the number of birds staging at Long Point
in the spring than in the autumn, quite likely
due to annual variation in spring thaw. Also,
because Tundra Swans spend considerable
time field-feeding in the spring, they are less
dependant on large staging wetlands such as
Long Point.

Biomass-days and Potential for Interspecific
Competition

Tundra Swans were not the most numer-
ous group of spring and autumn staging wa-
terfowl at Long Point, but the estimate of
their total biomass-days (j.c., biomass times
use-days) was shmilar ro that of all dabbling
duck species combined. At Long Point, Tun-
dra-Swans and ducks (especially dabbling
ducks) coexist on shallow cauail marshes
(Petrie 19598; S. S. Badzinski, unpub. data),
and rely on aquatic plant parts (Earnst 1994;
Limpert and Earnst 1994; Petrie 1998). It has
been proposed that swans influence the
abundance of dabbling ducks (Oksanen
et al. 1979}, and increased use by Tundra
Swans could change the waterfowl commu-
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nity structure at Long Point through inter-
specific competition (Nudds 1992),

‘Tundra Swans are large, gregarious birds
that feed on submerged aquatic vegetation in
shallow wedands during migration (Farnst
1994; S. S. Badzinski, unpub. data}. Because
they uproot aquatic vegetation while foraging
(Limpert and Earnst 1994), swans may reduce
food resources for other waterfowl, Fvidence
suggests that tuber consumpton by migrating
swans may result in such dramatic declines in
the tuber bank that plant re-growth is inhibit-
ed during the next scason (Beekman ef al.
1981; also see Mitchell of 4l 1998). Further,
exploitative competition may explain de-
creased use of agricultural fields by ducks fol-
lowing grazing by Bewick’s Swans {Cygnus
columbianus bewickii) (Rees 1990). Therefore,
although Long Point is an important staging
area for migrating Tundra Swans, they may af-
fect the carrying capacity of aquatic and agri-
cultural habitats for staging ducks and geese.

Seasonal Difference in Habitat Use

Whereas Tundra Swans make regular di-
urnal foraging trips to agricultural fields in
spring, they rarely do so in autmnn. As Tun-
dra Swans are late autumn and early spring
migrants, agricultural grain and winter
wheat availability (per unit area) is similar
during autumn and spring. Therefore, we
suggest that seasonal differences in foraging
strategies of swans are determined by an in-
terplay of intrinsic and extrinsic factors un-
related to seasonal changes in availability or
quality of agricultural forage. When Tundra
Swans arrive at Long Point in autumn, they
have large lipid stores (S. A. Petrie, unpub.
data) and submerged aquatic vegetation is
readily available (S. S. Badzinski, unpub. da-
ta}. Conversely, when Tundra Swans arrive at
Long Point in spring, they have small lipid
reserves {S. A Petrie, unpub. data), and au-
tumn  foraging, winter senescence ane
spring ice<cover would reduce the relative
availability of submerged aquatic vegetation
at that time. Therefore, we suggest that sea-
sonal differences in fieldfeeding propensity
are due to scasonal differences in sub-
merged aquatic plant availability and may al-

so be influenced by seasonal differences in
size of lipid reserves upon arrival at Long
Point.

Seasonal differences in propensity to
feed in fields appear to influence wetland se-
lection by Tundra Swans at Long Point, Dur-
ing spring, when swans spend considerable
time in agricultural fields, they concentrate
on wetlands closest to fields, presumably
minimizing energetic costs of moving be-
tween fields and aquatic roosting sites. Con-
versely, in autumn, when Tundra Swans are
foraging primarily on aquatic vegetation,
they often use wetlands up to 30 km from
agricultural fields, Use of aquatic habitats far
from agricultural fields in autumn may be
influenced by patterns of human distur
bance (5. 8. Badzinski, unpub. data} or by
spatial differences in availability of sub-
merged aquatic plants.

Future Research

Although Tundra Swans spend approxi-
mately half of their lives on staging areas (Ely
et al. 1997; Petrie, unpubl. dawm), litde is
known about their dietary preferences or
changes in body condition during migra-
ton. Also, Tundra Swan numbers increased
substantally in the latter part of the twenti-
cth century (Serie ef al. 2002), and because
they are large, gregarious birds, are capable
of depleting aquatic plant foods at staging ar-
eas (Beekman ef al 1991; Nolet and Drent
1998; also see Michell ef @l 1998). There-
fore, further research into the staging ecolo-
gy of Tundra Swans, as well as their
ecological relationship with other waterfowl
species is warranted.
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