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Summer and Migrational Movements of Satellite-Marked Double-
crested Cormorants from a Breeding Colony Managed by Egg-Oiling
in Lake Ontario, USA
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State University - 321 Richardson Hall, 3180 SW Jefferson Way, Corvallis, OR, 97331, USA
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Abstract.—A two-year satellite telemetry study was initiated in May 2000 at a Double-crested Cormorant (Phala-
crocorax auritus) breeding colony on Little Galloo Island (LGI) in eastern Lake Ontario, New York, USA, which is
managed by egg-oiling. The objective was to describe cormorant (N = 26/year) movements, specifically during the
period of reproductive management by egg-oiling and seasonally (breeding, migration and wintering). Egg-oiling
at two-week intervals resulted in a hatch success on LGI of 5.7% for 2000 and 2001, combined. The majority (97%)
of core use areas of marked cormorants contained LGI throughout three egg-oiling treatments (six weeks), and
71% still contained LGI by the end of the final (fourth) treatment (eight weeks). Of cormorants that moved during
or after control activities, three remained in the vicinity of active breeding colonies for over three months. Cormo-
rants initiated fall migration over a 16-week period ranging from 12 July to 29 October, with a mean departure date
of 6 September (N = 24, SE = 8 days) over both years. Mean duration of fall migration was 34 days (N =19, SE =7
days, range = 108 days). Most (75%) cormorants captured at LGI migrated east of the Appalachian Mountains, and
their winter range extended from southeastern Louisiana, along the coast of the Gulf of Mexico, to the southern
portion of the Atlantic coast. Although three (13%) cormorants over both years relocated to other active colonies
for long enough periods (over three months) to potentially raise young, this study indicates that control efforts did
not result in complete abandonment of LGI. Egg-oiling was successful in reducing recruitment within breeding
seasons, and within-breeding-season renesting attempts by cormorants in this study were limited and likely unsuc-
cessful. Further evaluation and refinement of egg-oiling as a management tool will require multiyear monitoring of
the LGI cormorant breeding colony. Received 9 September 2007, accepted 11 October 2009.

Key words.—cormorant, home-range, Phalacrocorax auritus, population control, recreational fisheries, repro-
ductive control, satellite telemetry.
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The Double-crested Cormorant (Phala-
crocorax auritus; hereafter cormorant) is the
most numerous and widely distributed of
the six North American cormorant species
(Hatch and Weseloh 1999). Human perse-
cution in the 19™ and early 20™ centuries,
coupled with environmental contamina-
tion through the early 1970s (Hatch 1995;
Hatch and Weseloh 1999), severely reduced
population levels of cormorants throughout
North America (Ludwig 1984; Hatch and
Weseloh 1999; Wires et al. 2001). Response
to increased human environmental aware-
ness (i.e. reduction of environmental con-
taminants and regulatory protection of the

species) over the past three decades facilitat-
ed a population resurgence of cormorants
in North America, particularly in the inte-
rior (Glahn et al. 2000). In addition, changes
in fish communities on the breeding (Hatch
and Weseloh 1999) and wintering grounds
(Glahn et al. 2000) likely contributed to an
increase in cormorant numbers with num-
bers in some areas doubling in under five
years (Hatch and Weseloh 1999).

While the overall rate of growth in the
North American cormorant populations
slowed during the early 1990s (Tyson et al.
1999), population increases continued in
some areas. In the Great Lakes, nesting pairs
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of cormorants increased from a low of about
200 pairs in the early 1970s (Ludwig 1984)
to 115,000 pairs in the 2000 breeding sea-
son, with cormorants being most abundant
in Lake Huron and Lake Ontario (OMNR
2006). Concomitant with increases in cormo-
rants in Lake Ontario, declines of select fish
species preyed on by cormorants and impor-
tant to recreational anglers have been ob-
served, causing concern among anglers and
fisheries managers in the region (Schneider
et al. 1999). Following studies conducted by
the New York State Department of Environ-
mental Conservation (NYSDEC), Schneider
et al. (1999) concluded that cormorants im-
pacted recreational fisheries, particularly
Smallmouth Bass (Micropterus dolimieu), in
the eastern basin of Lake Ontario (ELO).
Due to declines in fish populations (Schnei-
der et al. 1999) and threats to native biodi-
versity, the NYSDEC introduced control ac-
tivities at cormorant breeding colonies in
the ELO in 1994 and Little Galloo Island
(LGI; Fig. 1) specifically in 1999 (Schneider
et al. 1999; Farquhar et al. 2002).

As part of the NYSDEC efforts to assess
management actions, we began monitor-
ing movements of cormorants following

Ontario, Canada

/

Lake Ontario

New York, United States

et
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Figure 1. Study area of 52 Double-crested Cormorants
captured, fitted with satellite transmitters and released
on Little Galloo Island (filled star, inset), Lake Ontar-
io (26 marked on 2-3 May 2000; 26 marked on 7 May
2001). Movements were monitored between 2 May 2000
and 19 April 2002. Gull, Calf, Bass, and Little Galloo
Islands are sites where the New York Department of En-
vironmental Conservation conducted Double-crested
Cormorant control activities. Filled circles are other ac-
tive colonies in the United States and Canada.
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colony control activities at LGI. The objec-
tives were to evaluate effects of repeated
egg-oiling treatments on within-breeding-
season movement of cormorants captured
and released on LGI and to provide base-
line information on seasonal and migra-
tory movements of managed cormorants.
Specific to egg-oiling, this study evaluated
whether egg-oiling would achieve the de-
sired outcome of reproductive suppression
without nest abandonment over the treat-
ment period. It also evaluated whether cor-
morants that abandoned LGI would have
adequate time to find alternate nest sites,
re-nest and fledge young before southward
migration.

METHODS

Study Area

LGl is located in eastern Lake Ontario (Fig. 1). The
island is a tilted limestone shelf, approximately 16.2 ha
in size, with a thin layer of soil. Most of the island is cov-
ered by herbaceous vegetation, with a few trees present,
primarily around the perimeter.

Egg-oiling and Colony Observations

A U.S. Fish and Wildlife Service depredation per-
mit was obtained by NYSDEC to permit oiling of eggs
on LGI (Farquhar et al. 2002). All accessible cormo-
rant nests on LGI were treated with pure food-grade
vegetable oil at two-week intervals on 16 and 30 May
and 14 and 28 June 2000, and 15 and 29 May and
12 and 26 June 2001 (Farquhar et al. 2002). Oil was
applied from a backpack sprayer at a rate of approxi-
mately six ml/egg (Farquhar et al. 2002). Concomi-
tant with treatment applications, we recorded total
number of nests with and without eggs, total nests
oiled, total eggs oiled, number of inaccessible nests
and number of chicks hatched. Additional manage-
ment activities included the collection of regurgi-
tated pellets for food habit studies. These collections
were coordinated during egg-oiling to minimize dis-
turbance not associated with egg-oiling.

Capture and Transmitter Attachment

Cormorants were captured on LGI (N = 26 on 2-3
May 2000; N = 26 on 7 May 2001; USGS Federal Bird
Banding Permit 20873) using modified padded leghold
traps (King et al. 2000) on or next to occupied nests.
Cormorants were fitted with a satellite transmitter using
abackpack harness (Dunstan 1972; King et al. 2000) and
released at the capture site. In May 2000, a 45-g PTT-100
transmitter manufactured by Microwave Telemetry, Inc.
(Columbia, Maryland) was used. The transmitters were
programmed to transmit approximately eight hours
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(i.e. at most, eight locations/day) every 48 hours from
May to September 2000, and eight hours every ten days
from October 2000 to September 2001. In May 2001, we
deployed an improved design transmitter that allowed
a 15-g weight reduction per transmitter (new weight =
30 g) and similar performance. In 2001, transmitters
were programmed to transmit approximately six hours
(at most, six locations/day) every 48 hours from May to
September 2001 and six hours every ten days from Oc-
tober 2001 to September 2002. Service Argos (ARGOS)
Inc. (Landover, Maryland) provided location data. Lo-
cation error was reported by Service Argos as one of six
location classes (LCs): LC3 = <150 m, LC2 = 150-350 m,
LC1 = 350-1000 m, LCO >1000 m, LCA and LCB = no
estimate of location accuracy.

Data Analyses

The location classes assigned by ARGOS predict
relative accuracy of the location estimates based on
expected error distributions for each location class
(Steenhof et al. 2005). In practice, field measurements
may be less accurate than reported error classes (Brit-
ten et al. 1999). Although ARGOS does not provide
accuracy estimates for some location classes, this does
not mean those locations are inaccurate (Vincent et al.
2002). Due to these factors, PC-SAS ARGOS Filter Ver-
sion 2.4 (PC-ARGOS) was used to remove erroneous
data points (Douglas 2000). Criteria that retained all
location classes LC1-3 were selected and all remaining
locations were filtered based on algorithms and user-
specified criteria (Douglas 2000). The user-specified in-
formation for the filters included flight speed (40 km/
hour) and daily movement of 60 km/day (Custer and
Bunck 1992). The subset of locations generated by PC-
ARGOS was analyzed and plotted using a geographic
information system (GIS; ArcView, ESRI Inc., Redlands,
California). Data were not filtered for autocorrelation
because all data were evaluated with the individual as
the experimental unit (Otis and White 1999), and re-
strictive sub-sampling to eliminate autocorrelation re-
duces biological relevance in home range estimation
(De Solla et al. 1999).

The Animal Movement Extension (AME) in Ar-
cView was used to calculate 50% (core use area) and
95% kernel home-range polygons for each cormorant
at two-week intervals throughout the breeding season
(Hooge and Eichenlaub 1997). The Xtools extension
(DeLaune 2000) in ArcView was used to calculate the
geometric center of each 50% core use area (‘core use
center’) for the 14-day (2000) and eight-day (2001) pe-
riod prior to egg-oiling (‘pre-treatment’) and for each
of four two-week periods following egg-oiling (‘treat-
ment’) to evaluate home range stability (Diffenbach et
al. 2006). The effects of egg-oiling on resulting shifts
in distance (km) of cormorant core use centers from
LGI were evaluated using a two-way analysis of variance
(ANOVA; SAS Institute, Inc. 1996). Fixed-effects tested
were treatment period, year, and the yearxtreatment
interaction. Tukey’s multiple range test was used to de-
termine differences between group means (o = 0.05).
Core use area polygons were overlaid with known col-
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ony sites to qualify intercolony movement during treat-
ment periods. Cormorants whose core area no longer
included LGI were considered to have abandoned LGI
for breeding purposes.

Hatch and Weseloh (1999) indicated that cormo-
rants need a minimum of three months to successfully
nest and raise young to independence from parental
care. All breeding season locations were plotted and
cach individual’s breeding season core use area was
generated using AME (Hooge and Eichenlaub 1997).
Intercolony movements were qualitatively evaluated
by noting whether cormorant core use areas moved
away from LGI during egg-oiling or they showed over
three months near an active breeding colony following
departure. Based on the aforementioned criteria from
Hatch and Weseloh (1999), abandonment of LGI fol-
lowing treatment periods was also considered. Thus, we
considered it possible for a cormorant to remain in the
vicinity of LGI through the treatment periods, re-nest
at a subsequent site, fledge young and migrate south in
late October or November.

Departure date for fall migration was defined as the
median date between the last location north of Lakes
Ontario, Erie, Oneida and Onondaga and the first loca-
tion date in which birds were detected and remained
south of these lakes (Martell et al. 2001). Wintering lo-
cations were regarded as those observed between the
median date between the last location of fall migration
and the median date between the first spring migration
location dates. All wintering season locations were plot-
ted and each individual’s wintering home-range and
core use area were generated using AME (Hooge and
Eichenlaub 1997).

REsuLTS

Egg-oiling and Colony Observations

An estimated 5,119 and 5,440 breed-
ing pairs of cormorants nested on LGI in
2000 and 2001, respectively, based on the
maximum number of nests observed annu-
ally (Farquhar et al. 2002). Egg-oiling of all
ground nests reduced hatching rate of oiled
eggs to <1% of total eggs counted, although
approximately 200 and 400 young were
fledged from untreated tree nests on LGI
in 2000 and 2001, respectively. Thus, hatch
success (number of nests with young out of
total number of nests) on LGI was reduced
to 5.7% for breeding seasons 2000 and 2001
combined (Farquhar et al. 2002). Annual
counts indicate decreasing cormorant nests
on LGI and increasing nests on ELO colo-
nies both before and after egg-oiling was ini-
tiated on LGl in 1999 (Fig. 2).
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Figure 2. Number of cormorant nesting pairs counted
on breeding colonies in the eastern basin of Lake On-
tario, 1979 to 2006. Dotted line indicates counts for
colonies in the eastern basin other than Little Galloo Is-
land (LGI), New York, USA. Solid line shows counts for
LGI. Data provided by D. V. Weseloh, Canadian Wild-
life Service, and the New York State Department of En-
vironmental Conservation. Egg-oiling management on
LGI was initiated in 1999.

Satellite Telemetry

In total, 12,535 locations were collected
for 52 cormorants captured and released on
LGI. The PC-ARGOS program filtered out
958 (7.6%) locations, resulting in 11,577 lo-
cations used for analyses. For the 26 individ-
uals marked on 2 May 2000, 5,150 locations
were recorded from 2 May 2000 to 13 Octo-
ber 2001. Individuals marked on 7 May 2001
yielded 6,427 locations from 7 May 2001 to
19 April 2002. Mean (+SD) number of days
on which transmitter signals were received
was 149 + 172 (N = 26; range = 6-529) for
birds marked in 2000 and 179 + 80 (N = 26;
range = 23-347) in 2001. Mean (+SD) num-
ber of locations was 421 + 196 (N = 26, range
= 15-633) for birds marked in 2000 and 276
+ 83 (N = 26, range = 57-406) in 2001. Mean
(+SD) number of locations, per transmission
period per bird was 3.6 = 1.9 (N = 1,433) for
birds marked in 2000 and 2.4 + .03 (N =
2,698) in 2001.

Twenty transmitters stopped signaling
before the end of the fourth treatment pe-
riod, and one cormorant was removed from
distance analyses because it moved >550 km
away from LGI during treatment periods
and was considered an outlier. Thus, the ef-
fects of egg-oiling were tested on changes in
home-range size and shifts in core use areas
for the remaining 31 cormorants. Seven
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additional transmitters stopped signaling
before fall migration; thus, 24 cormorants
were used to assess intercolony movement
and the potential for individuals to fledge
young from alternate nest sites. Nineteen
transmitters continued to signal through fall
migration, two of which persisted through to
the subsequent spring, and one transmitter
was still functional when the bird returned
to the breeding grounds.

Movements during Egg-Oiling

Mean distance from core use centers to
LGI differed with respect to treatment pe-
riod (F, =44, P =0.02). Tukey’s multiple
range test indicated that distance between
core use centers and LGI was greatest (P
< 0.05) in treatment period four for both
years combined (Table 1). Area (km?) of
50% core use was affected by an interaction
of year and treatment (£, = 3.3, P = 0.01);
thus individual means are reported in Table
2. Area (km?) of the 95% kernel home range
also was affected by the yearxtreatment in-
teraction (F4,145= 3.2, P =0.01; Table 2). Over
the entire treatment period, mean + SE 50%
core use areas were 6 + 6 km? in 2000 and
10 + 2 km? in 2001. Mean + SE 95% kernel
home-range areas were 42 + 44 km?® in 2000
and 75 = 13 km? in 2001.

Core use areas were plotted and qualita-
tively evaluated by treatment period for 31
cormorants. Core use areas of twelve cor-
morants (39%) did not contain LGI during
more than one treatment period; however,
three of these twelve cormorants returned to
the vicinity of LGI before treatments ended
(Table 3). Thus, 71% (22) of marked cormo-
rants showed fidelity to their nesting colony
on LGI during the entire ten-week monitor-
ing period for both years. Eight of the nine
birds that left and did not return during
control activities did not leave until the final
(fourth) treatment period (Table 3). There-
fore, the core use areas of 30 (97%) of the
31 birds contained LGI prior to the final
treatment period (Table 3). The percentage
of cormorants whose core use areas did not
contain LGI for each two-week treatment pe-
riod is presented in Table 3.
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Table 1. Mean (SE) distance of 50% kernel home-range centers of Double-crested Cormorants from Little Galloo
Island, Lake Ontario, for pre-treatment and four treatment periods (two weeks each), 2 May to 11 July 2000-2001.

Sample size in all treatment periods was 31 birds.

Treatment period Treatment date 2000 (2001) Breeding phenology Mean (SE) km
Pre-treatment 2 (7) May Laying 6 (1)
1 15 (16) May Laying/incubation 6 (1)
2 29 (30) May Incubation/nestling 8 (2)
3 12 (14) June Nestling 9 (3)
4 28 (26) June Nestling/fledgling 23 (6)*

“Statistically different from the other distances (P < 0.05) by Tukey’s multiple range test

Seasonal and Migratory Movements

Twenty-four cormorants transmitted loca-
tions up to fall migration. For these birds,
mean + SE breeding season 50% core use
area was 820 + 368.5 km? in 2000 and 1,207
+ 503 km? in 2001. Mean + SE breeding sea-
son 95% kernel home-range areas in 2000
and 2001 were 4,647 + 1,933 km? and 8,120
+ 2,807 km?, respectively. Core areas of six
(256%) of these birds contained LGI until
initiation of fall migration. Of the remain-
ing 18 birds, seven (29%) shifted core areas
away from LGI during egg-oiling treatments,
and eleven (46%) shifted after all treat-
ments. Six birds began fall migration by the
end of July (i.e. within three weeks of the
completion of the fourth treatment period).
Of the remaining twelve birds, four moved
northeast up the St. Lawrence River; two
remained in Lake Ontario but not on LGI;
three moved south to Lakes Oneida and
Onondaga; one moved southwest to Pyma-
tuning Reservoir in western Pennsylvania;
and two moved southwest to Lake Erie. Of
all cormorants that moved during or after
control activities, three (13%) remained in
the vicinity of single active breeding colonies
for over three months. Two birds moved dur-

ing egg-oiling treatments: Bird 4 on the St.
Lawrence River near Montreal, where it re-
mained until 29 October (Fig. 3) and Bird
28 on Middle Island in western Lake Erie,
where it remained until 30 September (Fig.
3). On Day 16 after the final egg-oiling treat-
ment, Bird 21 moved to the St. Lawrence
River near Montreal, where it remained un-
til 22 October (Fig. 3).

Cormorants initiated southerly migra-
tion over a 16-week period ranging from 12
July to 29 October. Mean departure date for
fall migration was 6 September (N = 24, SE
= 8 days). Mean arrival date on wintering
grounds was 9 October (N =19, SE = 6 days).
Mean duration of fall migration was 34 days
(N =19, SE = 7 days, range = 108 days).
Of cormorants marked on LGI, 18 (75%)
traveled east of the Appalachian Moun-
tains, primarily along the Atlantic and Gulf
coasts (Fig. 4). The remaining 25% traveled
west of the Appalachian Mountains. Loca-
tions were received from six birds through
March of the subsequent year in which
they were marked and were used for win-
ter home-range estimation. For these birds,
mean *= SE wintering season 50% core use
area and 95% home range was 566 + 290
km? and 4,609 + 2,002 km?, respectively. De-

Table 2. Mean (SE) area (km?) of 50% and 95% kernel home ranges (HR) for cormorants captured in 2000 (N =
8) and 2001 (N = 23) at Little Galloo Island, Lake Ontario, for pre-treatment and treatment periods, 2 May to 11

July 2000-2001.
Treatment period and date 2000 (2001)

Kernel HR  Pre-treatment 1 2 3 4
Year size (%) 2 (7) May 15 (16) May 29 (30) May 12 (14) June 28 (26) June
2000 50 3 (1) 2 (0) 2 (1) 3(1) 18 (12)
2001 50 9(2) 13 (3) 10 (2) 12 (2) 7 (1)
2000 95 23 (4) 20 (3) 19 (4) 20 (5) 130 (96)
2001 95 68 (16) 91 (16) 75 (12) 85 (15) 57 (7)
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Table 3. Number of known colony sites (other than Lit-
tle Galloo Island, LGI, Lake Ontario) within 50% kernel
home-range polygons (core areas) for 31 cormorants
captured and marked on LGI in May 2000 and 2001.
The total row contains the number (and percent) of cor-
morants whose core use areas did not contain LGI by
treatment period.

Known colony sites in core area during

. treatment*
Bird
ID no. Pre-treatment 1 2 3 4
01 1° 0 1 0 0
04 1 1° 0 0 2
07 1 1 0 0 1
08 0 0 0 0 0
09 0 0 0 0 0
15 0 0 0 0 1°
16 0 0 0 0 0
21 0 0 0 1 0
27 1 2 0 0 2
29 0 1 4 2 1°
30 0 0 0 1 1
31 0 2 0 0 0
32 0 0 1 1 0
33 1 0 1 0 1
35 0 6 1> 1 1>
36 0 0 0 3 0
37 3 2 2 0 0
38 0 1 2 1 0
39 0 1 1 1 1>
40 1 1 1° 1 1°
42 1 1° 1° 1 0
43 0 2 1 2 1
44 0 1 1 2 20
45 0 2 1 1 1
46 0 0 2 3b 1°
47 0 2 3 2 20
48 0 1 1° 3 1°
49 2 1 2 4 1
50 0 0 0 1 0
51 1 2 1 4 2
52 1 0 0 0 0
Total® 1(3) 2(6) 4(13) 1(3) 9(32)

“Unless otherwise noted, core area contained LGI (i.e.,
0 = LGI; 1 = LGI plus an additional known colony).
"Core area did not contain LGI.

parture dates from the wintering grounds
for the two surviving marked birds were 19
and 22 March 2001. Duration on the win-
tering grounds for these birds was 145 and
170 days.

Discussion

Egg-oiling effectively reduced ground-
nesting cormorant productivity on LGI by
94.3%, exceeding NYSDEC’s 90% goal (Far-
quhar et al. 2002). Counts of nesting pairs
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Figure 3. Breeding season (May to October) core use
areas (50% kernel home-range polygons) for three Dou-
ble-crested Cormorants (Birds 4, 21 and 28) captured
and released on Little Galloo Island, Lake Ontario, 2
May 2000 and 7 May 2001, which subsequently moved
to other active colony sites for over three months. Filled
circles are known colony sites; filled triangles are New
York State Department of Environmental Conservation
control sites.

on LGI suggest that egg-oiling has reduced
growth in nesting pairs of cormorants on
LGI relative to that seen elsewhere on Lake
Ontario. However, success of these egg-
oiling efforts cannot be measured by the
number of unhatched eggs alone, but must
include minimization of re-nesting attempts
through extended incubation or relocation
(Gross 1951; Blackwell et al. 2000).

Abandonment of LGI, as measured
through shifts in core use centers and area
was minimal during the first eight weeks of
the study (pre-treatment and treatments 1
to 3), suggesting negligible abandonment
due to human activity (i.e. trapping and
egg-oiling). Significant shifts in distance
between 50% core use centers and LGI oc-
curred only for the final (fourth) treatment
period. While core areas of 71% of marked
cormorants contained LGI at the end of
the treatment periods, approximately half
of those cormorants moved their core area
away from LGI for more than one treat-
ment period. Control efforts may not have
resulted in complete abandonment of LGI
by cormorants during the treatment period,
but egg-oiling likely influenced temporary
relocation to other colony sites within the
breeding season.
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Figure 4. Locations of 52 Double-crested Cormorants captured, marked with satellite transmitters and released on
Little Galloo Island, Lake Ontario, 2 May 2000 to 19 April 2002.

Several factors aside from human dis-
turbance may have affected movement of
cormorants away from LGI. Trends towards
increasing distance from LGI, particularly by
the fourth treatment period, coincide with
the nestling and early fledging dates of ini-
tial nests on LGI (Hatch and Weseloh 1999).
Movements away from LGI in later periods
suggest that cormorants may have moved in
response to unsuccessful nesting. However,
other factors may have contributed to the
observed movement pattern. For example,
local depletion of food resources surround-
ing a breeding colony can also increase for-
aging distances of colonial birds (Ashmole
1963). Nevertheless, 97% of core use areas
of marked cormorants contained LGI up to
the end of the third treatment period. The
NYSDEC control efforts on nearby active

colony sites may have prevented LGI cormo-
rants from nesting at those sites and thereby
abandoning LGI. The proximity and avail-
ability of alternative nesting locations may
affect abandonment of nesting areas due to
control efforts.

A central question regarding termina-
tion of nesting attempts at a controlled site
is whether nesting was resumed at other ac-
tive colony sites. The success of the egg-oil-
ing efforts could be negated if cormorants
successfully re-nest at other locations near-
by. Our data suggest that cormorant home
ranges shifted away from LGI, particularly in
later stages of control activities, yet most cor-
morants did not leave the ELO during this
time period. Although there are many active
colony sites in the ELO, only three cormo-
rants remained over three months at loca-



MOVEMENTS OF MANAGED CORMORANTS

tions other than LGI. The spatial locations
of these birds were widely dispersed suggest-
ing that movements away from LGI were
not directed toward the nearest untreated
colony site. Although it is possible that these
birds successfully raised young, the fact that
two of these birds moved to an active colony
in mid-July would likely have reduced chick
survival. While some cormorants shifted
their core use areas to other colonies, few if
any remained at any active colony site long
enough to successfully raise young to inde-
pendence from parental care.

Knowledge of seasonal movement data
for cormorants is limited. While core use
centers shifted away from LGI, cormorant
home ranges did not apparently increase
with breeding phenology (laying to fledg-
ing). Increasing trends in home-range size
associated with breeding phenology have
been demonstrated in other bird species
(Novoa et al. 2006; Rutz 2006) and is linked
to energetic and foraging requirements of
chick rearing (Hodum et al. 1998). An in-
creasing trend was not observed with cormo-
rants on LGI whose reproductive success was
eliminated through egg-oiling and may re-
flect reduced energetic demand and forag-
ing due to the absence of young. Although
a predictable pattern in breeding season
home-range extent was not apparent within
years, home-range size showed significant
inter-annual variation. Larger breeding sea-
son home ranges in 2001 may reflect both
variability and patchiness in food resources
(Nudds and Ankney 1982).

Migration of managed cormorants from
LGI showed broad temporal and spatial
variation. Departure dates of cormorants
from their breeding grounds varied over a
16-week period. The mean departure date
(6 September) in this study corresponds with
the range of peak departure dates for cormo-
rants reported by Hatch and Weseloh (1999).
Because activity data for non-managed cor-
morants breeding on LGI were not available,
it is impossible to conclude that nest failure
due to egg-oiling caused earlier migration.
Further study of management effects on fall
migration and fish consumption among cor-
morants in the ELO is recommended.
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Most (75%) cormorants captured at LGI
migrated east of the Appalachian Mountains
along or near the Atlantic coast (Fig. 4).
Their winter range extended from south-
eastern Louisiana, along the coast of the
Gulf of Mexico, to the southern portion of
the Atlantic coast. The remaining cormo-
rants generally migrated along the Mississip-
pi Alluvial Valley, to coastal Louisiana. Cor-
morants marked at LGI generally follow a
different migratory route than birds marked
farther west (Dolbeer 1991). However, mix-
ing on the wintering grounds with birds
breeding in more interior regions would oc-
cur commonly. Evidence of morphological
differences in cormorants captured on lakes
in eastern Alabama versus cormorants cap-
tured >300 km west in Mississippi (Glahn et
al. 1999) indicate that this difference in mi-
gratory route may reflect meta-populations
with differing physical characteristics.

Between 1997 and 1999, a sharp decline
occurred in the number of nesting pairs on
LGI. The decline was unlikely due to distur-
bance caused by food habit studies, as these
studies had been ongoing since 1992, when
colony size actually increased. However, dur-
ing July 1998, over 850 birds were shot ille-
gally, which likely contributed to the steep
decline. Since the initiation of egg-oiling
(1999) the number of nesting pairs of cor-
morants on LGI has gradually declined. The
gradual nature of the decline was expected
due to recruitment to the breeding popu-
lation of cormorants hatched prior to egg-
oiling, longevity of adults, and the fact that
most cormorants do not reach sexual ma-
turity until age three (Hatch and Weseloh
1999). Over the same time period, colonies
other than LGI in the ELO have continued
to show increasing numbers of nesting pairs
(Fig. 2). Our data corroborate the expected
rate of decline based on population model-
ing done by NYSDEC (Farquhar et al. 2002).
The corroboration between observed and
modeled decline suggests either that most
remaining birds are returning to the LGI
colony site or that immigration is balancing
emigration.

Evaluation of inter-annual site fidelity to
LGIwas beyond the scope of this study. How-
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ever, inter-annual site fidelity has important
implications with regard to egg-oiling as a
reproductive control method. If birds shift
breeding activity from LGI to other colony
sites, a decline in numbers on LGI may not
be attributable to the effectiveness of egg-
oiling. Recent research on Lake Champlain
indicated that egg-oiling caused 3% greater
immigration to another colony site (Duerr
et al. 2006). However, Duerr et al. (2006) in-
dicated that immigration is influenced by
factors such as gull predation of nests dur-
ing oiling and foraging quality of surround-
ing habitat. Data on between-year effects
of management are important, because for
long-lived birds such as cormorants, repro-
ductive control methods such as egg-oiling
have little effect on numbers of adults for
an extended time period in the absence of
lethal control (Bedard et al. 1995; Dolbeer
1998).

The management efforts initiated by
NYSDEC have been operationally successful,
reducing hatching success by >90% and by
causing a sustained downward trend in the
number of nesting pairs. Declining nesting
pairs combined with data indicating that the
majority of cormorants are not successfully
utilizing other colony sites to raise young
within breeding seasons indicates that given
long-term commitment, local colony repro-
ductive control can be an effective manage-
ment strategy for reducing the abundance of
cormorants. However, to fully evaluate the
potential and effects of egg-oiling as a man-
agement tool requires multiyear monitoring
of the number of nesting pairs on LGI, and
the immigration and emigration of cormo-
rants between LGI and other colonies within
and among years.
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