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Abstract: We studied movement of color-marked common loons (Gavia immer) among small lakes (4-349 
ha) in northern Wisconsin and the Upper Peninsula of Michigan to determine the frequency, timing, and 
ecological causes of multiple-lake usage. Most instances of multiple-lake usage fell into 1 of 5 categories: (1) 
territorial defense of 2 or more lakes by a breeding pair, (2) post-reproductive wandering, (3) territorial shifts 
prior to breeding, (4) dispersal of displaced breeders, or (5) long-distance movements by young birds. Overall, 
distances moved by adult loons between lakes were shorter than expected. The frequency of such movements 
might indicate reconnaissance for new territories, consistent with the frequent territorial takeover observed in 
this species. Regular use by loons of small clusters of lakes suggests that a management strategy that preserves 
only small, isolated breeding lakes might be inadequate to sustain nesting pairs and also might hamper natural 
dispersal between lakes. 

J. WILDL. MANAGE. 61(4):1253-1261 

Key words: behavior, census, common loon, dispersal, ecology, Gavia immer, Michigan, philopatry, territo- 
riality, Wisconsin. 

Local movement patterns are among the 
most fundamental data used to assess the suit- 
ability of areas for maintaining species of inter- 
est (McNab 1983, Yerena 1989) because they 
provide an indication of the abundance and dis- 
tribution of food, mates, and roosting sites, in- 
dicate an animal's exposure to predators and 
disease, and reveal the potential for gene flow 
within a population. In light of the wealth of 
ecological information they contain, it is not 
surprising that patterns of movement and space 
use have been investigated with a variety of 
techniques (e.g., radiotelemetry, Joshi et al. 
1995; mark-recapture, Spendelow et al. 1995; 
genetic methods, Fleischer et al. 1995). 

The common loon is an aquatic bird of con- 
siderable interest to biologists by virtue of its 
position at the top of the aquatic food web and 
to the public because of its curious nocturnal 
vocalizations, large size, and striking plumage. 
Until recently, the difficulty of capturing and 
marking loons had made study of space use im- 
practical. This limitation was serious because 
loons are threatened locally in the southern part 

of their range, due largely to shoreline devel- 
opment and recreational pressure (McIntyre 
1988). Without marked birds, it was impossible 
to determine the spatial requirements of loons 
for feeding, reproduction, and dispersal. "Vocal- 
tagging", whereby the distinctive territorial yo- 
dels of individual male loons were recorded and 
used to track local movements and return rates 
between years (Miller 1988), has proved an in- 
efficient means of study the use of space be- 
cause it precludes rapid identification and can 
only be used for males. 

A refinement in the technique used to cap- 
ture and mark loons (Evers 1993) has made it 
feasible to detect their local movement patterns 
and has facilitated scientific inquiry into many 
aspects of loon ecology and behavior. Here we 
report 2 main findings resulting from the use of 
this technique: (1) the use of multiple lakes by 
mated loon pairs during breeding and (2) intru- 
sions by breeders into neighboring territories 
late in the breeding season. 

We thank assistants for help with this project, 
including L. Vlietstra, E. Witham, J. Woodford, 
E. Coonradt, J. Mao, L. Liu and C. Jacoby. Es- 
sential to our effort was the Loon Capture 
Team, chiefly J. Kaplan, E. Hanson, P. Hart, K. 
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Jacobsen, P Reaman and S. Marden. We are 
indebted also to a large number of landowners 
in Wisconsin and Michigan who gave us access 
to their property. Among these are A. and R. 
Toussaint and J. Wilson of the Wisconsin De- 
partment of Natural Resources. Financial sup- 
port was provided by the Sigurd Olson Envi- 
ronmental Institute of Northland College, 
Earthwatch, the North American Loon Fund, 
and the Director's Circle of the National Zoo- 
logical Park. T. Daulton and an anonymous re- 
viewer commented on the manuscript. 

METHODS 
We captured adult loons and chicks (1-8 

weeks) at night during 1989-95 from small mo- 
torboats (Evers 1993). Loons were located by 
spotlight (400,000-1 million candlepower), ap- 
proached slowly, and captured one at a time in 
salmon landing nets. Tapes of wail or yodel 
calls, or whistled imitations of chick calls, were 
sometimes used to approach and capture skit- 
tish birds. All adults and chicks with legs of suf- 
ficient size were given a single U.S. Fish and 
Wildlife Service metal band and from 1 to 3 
plastic, colored leg bands (Hermes, Inc.) in 
unique combination. 

We made 2 kinds of observations of loons' 
local movements: systematic lake visits within 2 
core study areas and scattered chance sightings 
of individuals outside the core areas. The core 
areas were the Wisconsin study area (hereafter 
WSA): a roughly circular region 13 km in di- 
ameter centered 16 km W.NW. of Rhinelander 
in Oneida County (45"42'N, 89037'W; Fig. 1) 
that contained 33 natural lakes (4-250 ha); and 
the Michigan study area (MSA): a roughly-cir- 
cular area 19 km in diameter at Seney National 
Wildlife Refuge in the Upper Peninsula 
(46017'N, 85057'W; Fig. 1) that contained 21 
artificial lakes (80-349 ha). The WSA and MSA 
supported 14-18 and 7-10 breeding pairs each 
year. Additional observations came from Vilas 
and Iron counties, Wisconsin, which lie just 
north and west of Oneida County and abut 
Michigan's Upper Peninsula (Fig. 1). 

Observations occurred between 25 April and 
21 August of 1990-95 and 25 April to 25 May 
1996. Lakes within core areas were observed 
every 2-3 days for about an hour each visit; 
loons elsewhere were observed every 10-21 
days and for shorter periods. Special periods of 
all-day observation occurred in the MSA in 
1993 (G-pool: 23 days-from 10 Jun to 1 Aug; 

Vilas and Iron counties.,Wis. 
Michigan Study Area 
(in Seney Nat. Wildl. 
Refuge) 

Wisconsin Study Area 
(Oneida Cty.) 

Fig. 1. Study areas. Most observations came from the Wis- 
consin Study Area (WSA) and Michigan Study Area (MSA). 
Additional observations came from Vilas and Iron counties, 
Wisconsin. 

E-pool: 27 days-6 Jun to 17 Aug) and 1994 
(G-pool: 12 days--8 Jul to 16 Aug; B-pool: 25 
days-16 May to 19 Aug; D-pool: 9 days-6 Jun 
to 2 Jul). 

Identification of marked birds and behavioral 
observation was carried out from shore with 
spotting scopes (15-45x magnification) or by 
canoe with binoculars (8x40 or 10x50). Color 
bands could be seen under water when loons 
were at close range and in favorable lighting but 
were more often observed when they pulled 
their legs out of water during head-scratching, 
preening, and resting. On 2 typical lakes where- 
in both pair members were banded, 28% of all 
visits resulted in all color bands being seen on 
both birds; 32% of the time all bands were seen 
at least on 1 bird; 29% of the time some bands 
were seen on at least 1 bird; and 11% of the 
time no bands were seen on either bird (data 
from 4 observers in 1994; visits shorter than 60 
min excluded). Behavioral observations, includ- 
ing recording of all nesting activity, vocaliza- 
tions, and social interactions, made it possible 
to determine whether observed loons were ter- 
ritory owners or intruders. 

Difficulties in capturing adults and frequent 
replacement of breeders by unmarked loons re- 
sulted in a large pool of unmarked birds in ob- 
served lakes. In 1993, 1994, and 1995, 19 of 24, 
13 of 34, and 17 of 34 loons were marked in 
the WSA. In the MSA, 17 of 20 and 18 of 26 
loons were marked in 1994 and 1995. In 1994, 
4 unbanded birds in the WSA were recogniza- 
ble throughout the breeding season because of 
distinctive scars or defeathered areas on the 
head or neck. 
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Fawn 

L. Muski 0 1 km 

Fig. 2. Map showing the multi-lake territories of the Muskie/ 
Little Muskie/Birch (dark grey shading) and Sand/Fawn (light 
grey shading) pairs in the WSA. The former pair nested on 
Little Muskie, reared their chick on Muskie and foraged on 
Muskie and Birch in 1993. In 1994, the 2 breeding pairs con- 
stantly leap-frogged each other's lakes in reaching their own. 

To examine use of different lakes by loons, it 
was necessary to define what constituted a lake. 
We regarded 2 bodies of water as distinct lakes 
if they were either wholly unconnected, or if the 
connection between them was narrow and shal- 
low enough that loons flew, rather than swam, 
between them. 

RESULTS 
Multi-lake Usage in General 

Fifty-four different marked loons were ob- 
served to use 2 or more lakes within a single 
breeding season. One such instance was record- 
ed in 1990 and 3 cases in 1992, when lake cov- 
erage was limited; 17 cases were observed in 
1993, 33 in 1994, and 29 in 1995, when cover- 
age was more thorough. In 23 cases, an individ- 
ual used 2 or more lakes in 2 different years; 3 
birds were observed to do so in 3 years. Of the 
54 individuals observed to use more than one 
lake, 29 (54%) were males, and 25 (46%) were 
females. Five different classes of multi-lake 
usage are described below. 

Multi-lake Territoriality during Breeding 
This behavioral pattern is defined as the con- 

current usage or defense of 2 or more lakes by 
a breeding pair. Defense was inferred if yodel- 
ling by the male or confrontation of other loons 
by pair members was observed. In some cases, 
small lakes (e.g., Little Muskie: 4 ha; Fig. 2) 
were used only for nesting and nearby, larger 
lakes (e.g., Muskie: 17 ha; Fig. 2) for foraging 
and rearing of chicks. More commonly, loon 

West East 
Horsehead Horsehead 

Skm I 

Fig. 3. Map of West Horsehead/East Horsehead lakes 
(WSA) showing typical multi-lake territoriality during breeding 
in 1994. The pair nested and reared their chicks on West 
Horsehead but foraged on and defended both lakes. 

pairs foraged in both or all lakes in a territory, 
while nesting only on certain lakes (Fig. 3). 

Twenty-one loon territories were observed in 
which multi-lake usage during breeding oc- 
curred (Table 1). In almost all cases, the 2 or 
more lakes involved were adjacent (mean dis- 
tance between lakes = 0.61 + .53 km; range 50 
m-2 km). An exception was the Sand/Fawn ter- 
ritory in 1994 (Fig. 2), wherein the pair had to 
fly over another territory to travel between their 
lakes. 

Considering the frequent visitation of lakes in 
the WSA from 1993 through 1995, we are con- 
fident that we observed all multi-lake territori- 
ality there. Thus, these data are suitable for es- 
timating the percentage of all breeding pairs 
that use more than 1 lake. Altogether, 11 out of 
22 different territories (50%) within the WSA 
were multi-lake territories (95% CI: 0.307- 
0.692). 

Multi-lake territoriality often occurs in con- 
secutive years within a given territory. The pair 
that nested on Muskie or Little Muskie Lake 
used Birch (see Fig. 2) in 1993, 1994 and 1995. 
Examples of multi-lake usage-territoriality in 2 
consecutive years occurred on 3 Oneida County 
lakes: Alva and Little Alva, West and East 
Horsehead, Shallow and 2 adjacent lakes; and 
the B-north and C-pools in the MSA. On the 
other hand, incursions into new lakes by new 
pairs often required shifting of multi-lake ter- 
ritories across years. For instance, the pair that 
had used West and East Horsehead lakes dur- 
ing 1994 used only the former in 1995 and 
1996, after a new pair began to drive them off 
the latter. Similarly, the Muskie/Birch pair of 
1993-94 was driven off Birch in June and July 
1995. 
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Table 1. List of lakes on which multi-lake usage was observed, year, pair member(s) involved and whether or not lakes were 
observed to be defended. 

Territor- 
General location: lakes involved Year(s) Pair member iality 

Michigan Study Area: A-2 pool, C-2 pool 1990 F No 
Michigan Study Area: B-north pool, C pool 1992, 1993 both No 
Michigan Study Area: E-west pool, G pool 1993 M No 
Hiawatha Nat. Forest, Mich.: Bunting, Little Round 1992 M No 
Iron County, Wis.: Deer, Wilsonf 1995 F No 
Iron County, Wis.: One Man, Deer, Wilsont 1995 both No 
Vilas Co., Wis.: McDonald, Bragonier 1993 M No 
Oneida Co., Wis.: Langley, Vicks 1993 M Yes 
Oneida Co., Wis.: Shallow/Tom Doyle 1993 F No 
Oneida Co., Wis.: Shallow/Turtle 1995, 1996 both No 
Oneida Co., Wis.: Cunard, Sweeney 1995, 1996 both Yes 
Wis. Study Area: Muskie, Birch, Little Muskiea 1993-1995 both Yes 
Wis. Study Area: Alva, Little Alva 1993, 1995, 1996 M Yes 
Wis. Study Area: Sand/Fawn 1994 both Yes 
Wis. Study Area: Sand/Simons 1995 F No 
Wis. Study Area: Lumen, Island 1994 F No 
Wis. Study Area: Fox, McNaughton 1994, 1995 M Yes 
Wis. Study Area: Currie, Heiress 1994 both No 
Wis. Study Area: W. Horsehead, E. Horsehead 1994, 1995, 1996 both, M, M No 
Wis. Study Area: Burnham, Big Bearskin 1994 both Yes 
Wis. Study Area: Maud*, Clear*, Elna, No Name* 1995, 1996 both Yes 

* Lakes defended in 1995. Only Maud and Clear were used in 1996. 
"Little Muskie used in 1993 only. 
t Deer & Wilson used by 2 pairs; 1 nested on One Man; the other on Deer. 

Post-reproductive Wandering 
Perhaps the clearest pattern of multi-lake us- 

age by common loons was a tendency to visit 
lakes outside of their territories over a period 
of several weeks following the time when most 
chicks hatch. Such visitation occurred in the 
WSA (35 events in 1994 and 1995; Fig. 4) and 

N Wisconsin O Michigan 
0.3 

S 0.25 

" 0.2 

So.15 

o0.05 

l 15 29 12 26 10 24 7 21 
May Jun Jul Aug 

Fig. 4. Relative timing of wandering events (other than multi- 
lake territoriality during breeding, territorial shifts and post- 
usurpation movements) by marked adult loons during the 
breeding season in the WSA (data from 1994 and 1995; n = 
35 events) and MSA (1993 and 1994; n = 63). Owing to the 
different proportions of marked birds, the absolute numbers of 
events are not comparable between the 2 sites. Wandering by 
marked territorial birds occurred late in the breeding season in 
both areas. 

the MSA (64 events from 1993 to 1994; Fig. 4), 
peaking about 3 weeks later in Michigan (Fig. 
4). Four additional patterns were evident. First, 
16 of 20 (80%) and 42 of 63 wandering events 
(67%) in the WSA and MSA were by lone in- 
dividuals rather than pairs. Second, loons tend- 
ed to visit nearby lakes (Figs. 5 and 6). Twenty- 
nine of 35 visits in the WSA and 46 of 63 visits 
in the MSA were shorter than the median ex- 
pected distance in the study area (P < 0.001 for 
both Wis. and Mich.; 2-tailed binomial tests; 
median inter-lake distances ranged from 2.5 to 

- 0 1 2 3 km 

Fig. 5. Map indicating post-reproductive wandering in the 
WSA in 1995. Solid lines show movements by loons without 
chicks; dotted lines indicate movements by loons with chicks. 
Each line indicates a visit of one individual to a lake other than 
its own and 1 or 2 total visits. Most such movements were 
short-range and loons without chicks wandered more than 
those with chicks. 
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G-pool 

0 1 2 3 4 km 

5v 
Fig. 6. Map indicating post-reproductive wandering in the 
Michigan study area in 1994 showing limited range of move- 
ments. Each arrow indicates movement of 1 individual to a 
lake other than its own and represents from 1 to 5 total visits. 
All-day observation periods carried out in G-pool (large arrow) 
resulted in most of the observations. 

5.0 km and 2.0 to 10.0 km in the WSA and 
MSA). Third, loons that had not attempted to 
nest or had failed in their attempt(s) visited 
more lakes than did loons with chicks (t, = 2.24, 
P < 0.05 for WSA; t, = 2.39, P < 0.05 for MSA; 
2-tailed Wilcoxon tests). Finally, loons with 
chicks older than 4 weeks of age wandered 
more often than loons with chicks less than 4 
weeks old (6 of 7 visits in WSA, expected value 
= 2.8 visits, P < 0.05; 12 of 17 visits in MSA, 
expected value = 8.0; P < 0.05; binomial tests). 

Territory Shifting 
Defined as the sequential use of 2 or more 

lakes by a pair before breeding, territory shift- 
ing was an infrequent but clear cut form of mul- 
ti-lake usage. The Burnham/Big Bearskin male 
(WSA) was seen with a banded and later an un- 
banded female in his 2-lake territory from late 
April through May of 1994 but exhibited no 
courtship or nest building there. He visited 
Birch Lake (1.5 km away) on 3 June, moved to 
Wind Pudding Lake (3.5 km from Birch) from 
4 to 21 June with an unmarked female and built 
a nest, but produced no eggs. Finally, he reap- 
peared on Burnham Lake on 27 June and was 
seen there sporadically through August. In a 
second instance, a male that had reared chicks 
on Muskie Lake (WSA; Fig. 2) in 1992 and 
1993 appeared there in late April 1995 with an 
unmarked female, moved to Island Lake (2 km 
away) from 2 to 11 May during which courtship 

2 k0 gO 12 3 km 8 

Fig. 7. Dispersal of 5 displaced breeders between 1993 and 
1995. After losing their territories, loons tended to move very 
short distances, often to the nearest undefended lake. 

was frequent, then returned on 14 May to the 
Muskie/Birch territory, where he nested with an 
unmarked female. 

Dispersal of Displaced Breeders 
This pattern we defined as the forced move- 

ment of a loon from its territory to a new lake 
following the loss of its breeding position to a 
competitor. Owing to the relatively high rate of 
territorial takeovers in the WSA (5 instances in 
36 bird-yr of observation on marked loons), 
such displacements occur commonly. In all 5 
cases wherein displaced breeders were located 
after leaving their territories, they moved short 
distances (0.2, 0.3, 1.1, 2.0 and 3.2 km; Fig. 7). 
In 3 of the 5 cases, displaced birds nested (2 
successfully) with new mates 0.5, 2, and 7 km 
from their original territories a year or more 
after being displaced. In the MSA, 2 displaced 
males moved to new lakes 1 km from their orig- 
inal territories and 1 female moved 0.4 km to 
an adjacent lake. 

Long Distance Movements by Young 
Although we have little data on movements 

of young loons, observations on 2 birds from the 
WSA suggest that young unmated birds move 
over much larger areas than do adults with 
breeding territories. For example, a third-year 
bird (the youngest age-class that returns to the 
breeding ground; McIntyre 1988) banded as a 
chick was observed only once (16 Jul 1994) in 
the WSA, 24 km from its natal lake. A second 
bird was observed 6 times as a 3 year old in 4 
widely-scattered lakes between 15 May and 29 
July 1995 and 3 times as a 4 year old between 
21 and 25 May on 2 lakes separated by 17 km. 
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In light of our thorough coverage of the study 
area during both 1994 (: = 32.0 + 9.1 SD sight- 
ings/marked bird in the study area; range 20- 
42) and 1995 (? = 26.5 ? 8.7 SD; range 12- 
43), the paucity of observations of these 2 in- 
dividual birds implies that they spent most of 
the breeding season outside of the study area. 

DISCUSSION 
We captured only adults with chicks, so most 

of the loons we studied were those with recent 
breeding success, rather than nonbreeders (e.g., 
young birds) or failed breeders. Because loons 
show a strong tendency to return to a previous 
breeding territory after producing chicks there 
(83% return rate among adults that produced 
chicks, n = 215; 67% among unsuccessful 
adults, n = 42; G = 5.2, P < 0.05), our marking 
bias caused us to focus attention on a segment 
of the population likely to show limited local 
movements. 

Multi-lake Territoriality 
If half of all pairs nesting on small lakes in 

the upper Great Lakes region have multi-lake 
territories, as we estimate, this pattern of lake 
usage must be considered common. Consistent 
with this conclusion, multi-lake territoriality has 
been reported many times in loons on small 
lakes (e.g., Olson and Marshall 1952, Miller and 
Dring 1988, Belant 1991). 

The frequency of multi-lake territoriality in 
the WSA implies the existence of many unde- 
fended lakes that breeders can add to their ter- 
ritories. Considering the abundance of non- 
breeders in Wisconsin, it is puzzling that so 
much potential breeding habitat was unused. 
Perhaps the high degree of shoreline develop- 
ment has reduced the number of breeding lakes 
and thus increased the number of undefended 
lakes. 

Alternatively, the use and/or defense of 2 or 
more lakes might be an indication that single 
small lakes contain insufficient food or nesting 
sites to sustain a breeding pair through a full 
season (see calculation in Barr 1996). While 
multi-lake territoriality might ensure an ade- 
quate food supply, it requires greater energy ex- 
penditure in flights between lakes. It is possible 
that the ease of detecting and driving off in- 
truders in small lakes offsets the cost of using 
small lakes. If so, we might predict loons on 
small multi-lake territories lose them less often 
to takeover than do loons on large lakes. In- 

deed, there is some preliminary evidence to 
support this hypothesis. In Wisconsin, loons on 
small lakes return at a rate of 86% (n = 316), 
while those on large lakes (i.e., supporting many 
nesting pairs) return at a rate of 71% (n = 65; 
Evers et al. 1996). 

If loon pairs are able to gain access to suffi- 
cient food and nesting habitat through mere use 
of multiple lakes rather than defense of them, 
how can we explain instances of the latter? Mul- 
ti-lake territoriality might indicate a tendency to 
extend the boundaries of territories among in- 
dividuals that physiologically are primed for ter- 
ritorial defense. Thus, loons might be expected 
to defend more than 1 lake only for short pe- 
riods, perhaps during territory establishment 
(from mid-Apr to early May). On the other 
hand, loons might defend a large area contain- 
ing many potential nesting sites at the begin- 
ning of the nesting season and reduce the de- 
fended area over time to include only the area 
surrounding an active nest or chicks (McIntyre 
1988). Loons often defend multiple lakes well 
beyond the period when nesting has begun and 
even after nesting has failed for the season (4 
of 6 lake-yr with complete data). Thus, loons 
defend territories both to facilitate reproduction 
in the present year and to ensure access to them 
in future years. 

The tendency of loons to use multiple lakes 
during a breeding season might indicate a fun- 
damental fact about their use of space and ter- 
ritorial defense of single- and multi-lake terri- 
tories. Loons appear to treat clusters of small 
lakes within their territories as if they were parts 
of a large lake; that is, they move freely between 
small lakes in search of foraging and nesting ar- 
eas and commonly shift their activities from 1 
small lake to another. Territory size and ar- 
rangement might be dictated not by physical 
barriers but by acoustic ones; thus, the ability 
of loons to broadcast yodels audible several km 
away (especially at night; Wentz 1990) would 
permit them to defend clusters of small lakes. 
The shortage of acoustic barriers on large lakes 
might explain the tendency of loons on large 
lakes to defend large territories (McIntyre 1988: 
10). 

Multi-lake territories might have a critical ef- 
fect on the exposure of loons to environmental 
contaminants, because adjacent lakes often dif- 
fer greatly in lake chemistry. Meyer et al. (1995) 
noted that chicks had blood mercury levels 
more consistent with the chemistry of the 
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breeding lakes than did their parents. An expla- 
nation for this pattern is that food for chicks was 
captured exclusively in the nesting lake, while 
adults obtained a substantial proportion of their 
food in nearby lakes with different chemistries. 

Post-reproductive Wandering 
The occurrence of post-reproductive wander- 

ing in 2 different study areas implies that this 
phenomenon is widespread and important in 
loons. Indeed, aggregations of adult loons that 
probably reflect post-reproductive wandering 
have been reported over a wide geographic area 
(northern U.S.: McIntyre 1988; Manit., Sask.: 
Nero 1963, 1974). 

Though we identified many participants in 
post-reproductive wandering and defined its 
temporal occurrence, the reason for such wan- 
dering is not apparent. There are at least 3 hy- 
potheses to explain it. First, loons might wander 
late in the breeding season in search for food, 
either because they have depleted the food in 
their own territories or to avoid depleting the 
supply of food available to their chicks. Second, 
McIntyre (1988:88-89) proposes that "social 
gatherings" (i.e., aggregations of loons resulting 
from post-reproductive wandering) function to 
foster cooperation and familiarity among adults 
and as a means whereby loons refine their skills 
in flock feeding. McIntyre's hypothesis makes 
several assumptions about loon behavior, but it 
leads to the general predictions that loons fre- 
quently should engage in group foraging during 
post-reproductive aggregations and should ex- 
hibit relatively low levels of aggression. Third, 
such wandering might represent reconnaissance 
for new territories. This hypothesis predicts fre- 
quent movements of loons between breeding 
territories, frequent visits to good territories 
(i.e., those with chicks) and short distance dis- 
persal by individuals to lakes where they have 
wandered. 

Our data do not offer unqualified support for 
any of the 3 hypotheses. The tendency of wan- 
dering birds to spend most of their time during 
July and August interacting with other adult 
loons rather than foraging (Piper et al., pers. 
obs.) casts doubt upon the foraging hypothesis 
(although the foraging hypothesis might apply 
to loon aggregations in late summer and early 
fall, in which feeding is frequent; J. Paruk, un- 
publ. data). The frequency of fleeing behavior 
(during which a loon races across the water 
away from an attacking conspecific while giving 

the tremolo call) in aggregations of 4 or more 
loons (rate of 0.47 and 0.28 events/hr in 1994 
and 1995) compared to smaller groups (rates of 
0.032 and 0.028 events/hr in groups of 3 or few- 
er adults) argues against the familiarity hypoth- 
esis. 

The reconnaissance hypothesis is supported 
partially by our data. We have only 1 observa- 
tion of a bird dispersing to a lake that it had 
visited previously: a female that visited Heiress 
Lake (6 km from her breeding lake) in late July 
1995 and bred successfully there in 1996. How- 
ever, loons do return to their territories at an 
annual rate of about 80%, far below the esti- 
mated annual survival rate of 95-96%, and thus 
dispersal is common (Evers at al. 1996). Fur- 
thermore, 4 of 5 observed dispersal events by 
Wisconsin loons have been of short distance, 
consistent with short distance wandering. The 
more frequent wandering exhibited by failed 
nesters and nonbreeders might be viewed as 
supporting the reconnaissance hypothesis, since 
this segment of birds might be expected to re- 
connoiter and disperse most often, but a more 
parsimonious interpretation is that failed nest- 
ers and pairs with older chicks wandered more 
because they were relatively free of parental re- 
sponsibilities. (After 4 weeks, chicks are able to 
swim and dive well enough to escape most 
predators.) Contrary to the hypothesis, intru- 
sions were not more frequent on territories with 
chicks (WSA in 1994: r2 = 0.05, n = 19 lakes, 
P = 0.3; 1995: r2 = 0.01, n = 19, P = 0.7). 
Clearly, a larger sample of visits followed by dis- 
persal to the visited lakes will be necessary to 
establish the validity of the reconnaissance hy- 
pothesis. 

Periods of wandering after breeding are 
widespread in birds. In some cases, such move- 
ments seem to indicate efforts to procure food 
for migration (Branson and Minton 1976, Dare 
1977). Increasingly, however, workers are rec- 
ognizing that post-breeding visits might allow 
nonbreeders to determine the suitability of the 
areas for future reproduction. For example, 
Reed and Oring (1992) noted a clear tendency 
for transient female spotted sandpipers (Actitis 
macularia) to return to an area they had visited 
in a previous year if they had found a favorable 
sex ratio there on their initial visit. More gen- 
erally, Zack and Stutchbury (1992) propose that 
nonbreeders are likely to acquire territories that 
they have visited frequently or resided in during 
a past year. 
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Wandering by Lone Birds 
The observation that loons more often wander 

alone than with their mates is consistent with the 
frequent disappearances of lone birds in the up- 
per Great Lakes region. For example, among 18 
closely-monitored Wisconsin lakes from which 
marked birds were observed to disappear (1992- 
95), 17 disappearances were of males (11 cases) 
or females (6 cases) alone, and in only 1 case did 
a pair disappear together. In 5 of these 17 cases, 
a single marked bird had dispersed to a nearby 
lake. Frequent dispersal of marked loons from 
their territories and the tendency of their mates 
to re-pair quickly with unmarked birds has been 
found throughout the Great Lakes region. These 
clear patterns should be sufficient to dispel the 
legend, promoted by many articles and books 
(e.g., Johnsgard 1987:99; del Hoyo et al. 1992: 
166), that loons mate for life. 

Territory Shifting 
Taken together with the frequent tendency of 

loon pairs to build partial or complete nests that 
they never use (W. Piper, unpubl. data), the 
shifting of territories by pairs before attempting 
to nest indicates that pairs occasionally experi- 
ence a period of searching for a nest site that 
can last several weeks. Loons often use new 
nest sites after nest failures (McIntyre 1988:26), 
so pairs that shift territories might be those that 
have failed in a previous nesting attempt in the 
current or a previous year (e.g., the Muskie/ 
Birch pair). 

Our inability to capture adults that had failed 
to produce chicks (either nonbreeders or failed 
breeders) undoubtedly reduced the frequency 
with which we detected territory shifting. In- 
deed, in numerous cases, small vacant lakes 
within the study area experienced sporadic us- 
age by unmarked birds that probably repre- 
sented territory shifts. 

Dispersal of Displaced Breeders 
Our data suggest that breeders that have been 

displaced from their territories constitute a sub- 
stantial segment of the adult loon population in 
the upper Great Lakes region. Among the pop- 
ulation of 35 loons in the WSA in 1995, 4 (11%) 
were marked birds known to have been displaced 
from their territories in the past 3 years. 

The fact that the short-range movements of 
displaced breeders do not differ greatly from 
those of breeders that still hold territories sug- 
gests a distinctive dispersal pattern in loons that 

varies over their lifetimes. As young birds, loons 
appear to make long-range movements while 
searching for new territories. Once they estab- 
lish themselves in breeding territories, loons ap- 
pear to enter a sedentary phase, during which 
they disperse short distances. 

Loons are typical of vertebrates generally in 
that natal dispersal is more extensive than 
breeding dispersal (Greenwood 1980). Perhaps 
through long association with a breeding area, 
breeding loons acquire sufficient information 
that desertion becomes relatively costly (Hinde 
1956). Furthermore, the ability to dominate op- 
ponents might increase as loons age (as in many 
birds; e.g., Piper and Wiley 1989) allowing dis- 
placed breeders, which are old in comparison 
to first-time breeders, to establish new territo- 
ries near their original ones. 

MANAGEMENT IMPLICATIONS 
Multi-lake usage complicates the task of 

managing threatened loon populations in the 
southern portion of the breeding range. The 
frequency of multi-lake usage suggests that it 
might be fundamental to the survival and re- 
productive success of loons. If so, a strategy that 
preserves only the lakes on which loons physi- 
cally nest and allows extensive human activity 
on neighboring lakes might be inadequate to 
ensure successful nesting. 

Frequent multi-lake usage, such as we re- 
corded in the upper Great Lakes region, might 
affect estimates of loon populations (e.g., Miller 
and Dring 1988). If workers count every lake 
where a pair was seen to associate closely as a 
different territory, then they would overesti- 
mate the breeding population by 50% (assum- 
ing 50% of pairs have multi-lake territories). In 
contrast, workers counting breeding pairs over 
a short time period on a standard set of known 
breeding lakes would underestimate population 
size, because some pairs likely would be using 
other lakes within their territories. If it is not 
feasible to identify multi-lake territoriality dur- 
ing population censuses, knowledge of the fre- 
quency of multi-lake territoriality might allow 
researchers to correct for such biases after cen- 
suses are conducted. 

Our discovery of territorial shifts has clear 
implications. Loons nesting in lakes used by hu- 
mans might be expected to show: (1) extensive 
territorial shifts, because of the paucity of nat- 
ural nest sites, (2) infrequent nesting attempts, 
because of the need to range farther to locate 
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suitable sites, and (3) frequent social interac- 
tions during visits to new lakes, which might 
increase the rate of territorial takeover. 

Finally, loons might face a problem experi- 
enced by many animals whose breeding areas 
are being reduced: increased difficulty in locat- 
ing suitable breeding territories because of hab- 
itat fragmentation and short range dispersal 
(Conner and Rudolph 1991). Due to the patch- 
iness of shoreline development and lake usage, 
northern Wisconsin (like most southern parts of 
the breeding range) has become a mosaic of 
usable and unusable lakes. This study suggests 
that established breeders might disperse short 
distances to find new breeding lakes after dis- 
placement from, or desertion of, their territo- 
ries and thus might experience difficulty locat- 
ing new territories. Perhaps young loons, which 
wander over large areas before establishing 
breeding territories, are most likely to colonize 
lakes from which breeders have been lost. 
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