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Size and Composition of Foraging Flights in Two Species of Piscivorous
Colonial Birds: Limited Evidence for Intra- or Interspecific Information

Transfer
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Abstract: Colonial birds must derive benefits from living in conspecific groups and with other species. One possible
benefit is that they follow previously successful individuals to foraging sites (information center hypothesis). To test for
evidence of intra- and interspecific information transfer, we assessed the group size and composition of flights of double-
crested cormorants (Phalacrocorax auritus) and American white pelicans (Pelecanus erythrorhynchos) at two mixed
colonies. Flights by solo individuals were the most common outbound type, suggesting that the birds do not immediately
follow others. However, the majority of the total number of outbound birds traveled in groups. In comparison, groups in-
bound to colonies and flying between feeding locations were large. Regardless of flight direction, groups were almost al-
ways largest during the late chick-rearing period. This suggests that groups may have some function, although likely not
to share information about foraging-sites. Mixed-species groups in general were rare, so it is unlikely that these birds

commonly locate prey by following other species in flight.

INTRODUCTION

Colonial birds face trade-offs associated with group liv-
ing: the potential costs of increased competition for re-
sources and transmission of parasites and disease [1], versus
the potential benefits of decreased predation [2, 3] (but see
[4]) and the transfer of information regarding foraging suc-
cess, whereby the colony serves as an information center [5].
As part of an information center, birds in breeding colonies
may benefit from following successful individuals to good
foraging sites. Information about food supplies could be es-
pecially important for colonial birds that often travel long
distances and must find patchy or ephemeral food sources,
such as schools of fish in large bodies of water. Piscivorous
birds are often colonial (98% of seabirds are colonial [6]), so
part of the importance of breeding colonies may be to share
information, either willingly or through parasitism, about the
location and availability of prey [5,7].

American white pelicans (Pelecanus erythrorhynchos;
hereafter, pelicans) and double-crested cormorants (Pha-
lacrocorax auritus; hereafter cormorants) are social, colonial
breeding birds. Both species nest in dense aggregations and
forage in groups with conspecifics whereby flocks appear to
drive schools of fish, increasing individual success [8-10].
The benefit of increased success at capturing prey likely en-
courages group formation at foraging sites; however, it is
unknown whether foraging aggregations are initiated at the
breeding colony as part of an information center system, or
via another mechanism that may be independent of colonial
breeding. Pelicans could benefit from following others from
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the colony because of the long interval between incubation
changeovers [e.g., 11], during which time prey fish may be
depleted or move to new locations. Also, pelicans travel
great distances (up to 600 km [12, 13]) to forage; thus, in-
formation about foraging success may be critical for decid-
ing how to best allocate this effort. However, following other
pelicans from the colony may not be selected for because all
nesting pelicans forage infrequently due to similarly long
intervals between incubation changeovers or chick feedings
[11]. Previous studies examining flock formation in pelicans
found that outbound groups do form as birds leave colonies,
but suggested that this behaviour was more likely to facili-
tate group foraging at the destination, rather than the transfer
of information at the colony [11, 14].

The pelicans previously studied [11, 14] were from a
single colony and no other species were considered; to our
knowledge, no studies have investigated double-crested
cormorants in the context of group formation and informa-
tion transfer, although groups do form in flight [15], and
group foraging is a successful strategy for great cormorants
(P. carbo sinensis) [10]. Recent evidence suggests that in-
formation can also be passed between species [16]. Pelicans
commonly nest with double-crested cormorants throughout
much of their range [17-19], and thus may benefit by follow-
ing cormorants to foraging sites. Cormorants make more
frequent foraging trips than pelicans [20], and thus would be
more likely to have current information regarding the loca-
tion of ephemeral fish prey. In addition, we have commonly
observed mixed flocks of pelicans and cormorants foraging
in the same locations (Fig. 1a), and moving together to and
from foraging sites (Fig. 1b), indicating that these species
often associate away from breeding colonies [8, 21]. In addi-
tion, some studies have indicated that pelicans and cormor-
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Fig. (1). Mixed groups of double-crested cormorants and American white pelicans (a) foraging on Last Mountain Lake and (b) moving
among foraging sites (i.e., in transit) on Dore Lake.

ants from shared colonies consume similar prey species
([22]; C. Somers et al. unpublished data). It is therefore pos-
sible that pelicans and cormorants in shared breeding colo-
nies may benefit from both intra- and interspecific informa-

tion transfer, and in particular pelicans may benefit from the
presence of cormorants due to differences in foraging trip
frequency, and the possibility that cormorants flush prey to
the surface while diving.
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We hypothesized that breeding colonies serve as both
intra- and interspecific information centers for pelicans and
cormorants nesting on large lakes in Saskatchewan, Canada.
To test this hypothesis, we examined group size and compo-
sition of pelican and cormorant flights exiting (outbound)
and returning (inbound) to colonies, as well as those flying at
sites removed from breeding colonies. If birds use an infor-
mation center system, we predicted that both single-species
and mixed groups would form at colonies, and that outbound
groups heading to foraging sites would be larger than in-
bound groups. In addition, we predicted that pelicans would
attempt to follow cormorants (i.e., cormorants should lead
mixed-species groups) to take advantage of current informa-
tion about prey availability.

MATERIALS AND METHODOLOGY
Study Sites

1) Last Mountain Lake (51°20'N, 105°15'W) is a long, nar-
row, eutrophic lake with a surface area of approximately
233 km?. It is located in the mixed-grass prairie region of
southern Saskatchewan and is surrounded by a mosaic of
native grasslands, agricultural fields, and small towns.
The lake has a mean depth of 7.6 m (maximum 31.5 m)
and exhibits diverse habitats, including shallow wetlands,
rocky shorelines, and islands. Cormorants and pelicans
nest at the north end of the lake in the Last Mountain
Lake National Wildlife Area and Migratory Bird Sanctu-
ary. In 2007, approximately 1,500 pelican and 1,600
cormorant pairs nested in a shared colony on a ~1-ha is-
land.

2) Dore Lake (54°46'N, 107°17'W) is located in the boreal
plain region of central Saskatchewan. This remote,
mildly eutrophic lake is in a wilderness area surrounded
by mixed aspen, pine, and spruce forest. The 616-km?
water body has a mean depth of 11.2 m (maximum 19.5
m) and contains a number of islands. Habitats include
wetlands, shallow bays with emergent vegetation, rocky
substrates, and sand beaches. A large portion of the lake
is pelagic, open water. Dore Lake supports approximately
11,500 breeding pairs of cormorants and 2,000 pairs of
pelicans on two breeding islands. The colony we studied
consisted of approximately 9,000 pairs of cormorants and
1,700 pairs of pelicans on a 3-ha island in the southwest
portion of the lake.

Composition and Size of Flights at Breeding Colonies

At Last Mountain Lake, we recorded inbound and out-
bound flights from all directions simultaneously, whereas at
Dore Lake we focused on flights around the northern half of
the breeding island. This modification at Dore Lake was
necessary because of frequent flights associated with the
very large breeding colony there. We simultaneously re-
corded the size and composition of inbound and outbound
flights from both colonies continuously for 30-minute obser-
vation periods. A minimum of two observers (one person per
direction) conducted two to ten observation periods per day.
For mixed-species groups, we counted the number of peli-
cans and cormorants making up the groups and identified the
species leading the flight. We considered two or more indi-
viduals to constitute a group when they were moving to-
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gether along the same trajectory and were separated by a
maximum of 5 seconds of flying time.

The sizes of incoming groups were noted as soon as they
were within sight and monitored for changes as they ap-
proached the colony. Groups that joined together within
sight of the colony were recorded separately. Similarly, indi-
viduals that joined incoming flights within sight of the col-
ony were not considered to be part of larger groups. All out-
going flights that lifted off from the colony during the ses-
sion and flew out of sight were counted. Flights were only
counted once their flight trajectory appeared set, and birds
that joined outgoing flights were added according to our 5
second definition.

At Last Mountain Lake, flights at the colony were ob-
served during 129 30-minute observation periods between 5
May and 23 July 2007. Flights were observed using 12 x 50-
mm binoculars from the nearest shoreline, approximately
800 m from the colony. At Dore Lake, 126 30-minute obser-
vation sessions were conducted between 19 May and 8
August 2007. Flights were observed from a neighboring is-
land approximately 600 m away, and for the most part did
not require the use of binoculars. When necessary, flights
were observed using 8 x 42-mm binoculars.

Composition and Size of Flights in Transit

We characterized groups that were moving among forag-
ing areas (in transit) at locations removed from the breeding
colony. At Last Mountain Lake, we observed transit flights
during 2-5-minute point counts conducted at six shoreline
locations ranging from 3 to 30 km from the colony. We re-
corded the size and composition of all flights using the same
criteria for groups described above. The size of Dore Lake
and minimal road access prevented use of a similar shoreline
point count system. Instead, transit flights were characterized
from a boat while traveling the same ~14-km route from the
boat launch to and from the breeding colony. All flights that
could be seen from the boat were recorded using the same
criteria described above. We did not count transit flights ob-
served within 3 km of the colony. Flight direction was not
recorded for any flights in transit.

Statistical Analyses

We compared the frequency of occurrence of inbound,
outbound, and transit flights in four group size classes: 1, 2—
5, 6-9, >10 individuals for single-species flights, and 2, 3-5,
6-9, >10 individuals for mixed groups, using chi-squared
contingency table analysis. We also compared the total num-
ber of birds flying alone (solo) to those in groups using a
similar chi-squared analysis. For analysis of group size, we
divided the breeding season into three periods: 1) egg-
incubation (1-31 May), 2) early chick rearing (1-30 June),
and 3) late chick rearing (1 July — mid-August). We used a
2-factor analysis of variance to compare the effects of nest-
ing period and flight direction on log-transformed group size
for each flight type (pelicans, cormorants, and mixed species
groups). Group size data for each lake were log-transformed
to meet assumptions of homoscedasticity; however, no trans-
formation normalized the residuals (determined using the
Wilks-Shapiro test). Visual inspection of the distribution of
residuals indicated a similar near-conformation to normality
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among datasets, so we used a parametric ANOVA. Tests
were conducted using Statistix 9.0 and Statistica 8.0 with an
alpha value of 0.05.

RESULTS
Composition and Size of Flights
Last Mountain Lake

We observed 10,445 flights at the Last Mountain Lake
colony, of which 9160 (82.9%) were cormorant-only, 1767
(14.7%) were pelican-only, and 261 (2.4%) were mixed
flocks (Table 1). The frequency of pelican flights in four
group size categories differed based on whether flights were
inbound, outbound, or in transit (Table 1; X?=40.74, df=6,
P<0.001). Most of the chi-squared value was generated by
more outbound solo flights (63%) and more non-solo in-
bound flights than expected (Table 1). When expressed as
the total number of birds moving rather than as flight fre-
quency, the number of pelicans flying solo differed based on
whether the flights were inbound, outbound, or in transit
(X?=105.28, df=2, P<0.001). Of 1,536 outbound pelicans,
552 (36%) flew solo, compared to 343 of 1,515 (23%) in-
bound and 115 of 653 (18%) observed in transit. Thus, al-
though more flights to or from the colony were single indi-
viduals rather than groups, a higher percentage (64—-82%) of
the total number of birds observed moving belonged to
groups.

Similar to pelicans, the frequency of cormorant flights in
the four different group size categories differed based on
flight type (inbound, outbound, or in transit; Table 1,
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X?=286.31, df=6, P<0.001). Most of the chi-squared value
was generated by more solo outbound cormorant flights
(63%) than all other group size categories combined, fewer
inbound solo flights, and more inbound flights with group
sizes of 6-9 (7%) and >10 individuals (4%) than expected. In
transit, more flights had >10 (5%) individuals, and we ob-
served more solo flights than expected. When expressed as
the total number of birds moving, the number of cormorants
flying solo differed based on whether the flights were in-
bound, outbound, or in transit (X*=802.87, df=2, P<0.001).
Of 8,501 outbound cormorants, 3,083 (36%) flew solo, com-
pared to 1,938 of 9,707 (20%) inbound, and 294 of 2,100
(14%) in transit. Similar to pelicans, cormorant flights were
most often solo individuals, but a higher percentage of the
total number of birds observed (64-86%) belonged to
groups.

In contrast to single-species flights, we found no differ-
ence in the frequency of mixed-species flights in the four
group size categories (Table 1; X?=10.74, df=6, P=0.096).
However, this analysis was limited by a low sample size and
should be interpreted with caution. The most common mixed
group size for all flight types at Last Mountain Lake was 3-5
birds (Table 1). There were more in-transit mixed flights
containing >10 individuals (31%) than both inbound (6%)
and outbound (7%) flights at the breeding colony. When
expressed as the number of individuals moving, 206 of 753
(41%) outbound and 157 of 354 (44%) inbound birds trav-
eled in groups of 3-5 individuals, whereas 178 of 218 (83%)
in-transit birds traveled in groups of >10 individuals. Cormo-
rants on average made up the largest proportion of mixed-
species groups both inbound (0.52+0.20) and outbound

Table1. The Number of Observed Flights in Four Group Size Categories for Pelicans, Cormorants, and Mixed-Species Groups at
Last Mountain Lake During 2007. Counts of Inbound and Outbound Flights were Made at Breeding Colonies, Whereas
In-Transit Flights were Observed in Foraging Areas

N Flight Frequency of Group Size
Composition Total
Type
1 2to5 6to9 >10
Inbound 343 270 30 15 658
Outbound 552 296 21 6 875
Pelicans
Transit 115 98 10 11 234
Total 1010 664 61 32 1767
Inbound 1938 1464 250 136 3788
Outbound 3083 1659 107 27 4876
Cormorants

Transit 294 161 17 24 496
Total 5315 3284 374 187 9160
2 3to5 6t09 >10 Total

Inbound 21 42 13 5 81

Outbound 43 83 30 11 167

Mixed
Transit 3 4 2 4 13
Total 67 129 45 20 261
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(0.59+0.19) from the colony, and led the majority of inbound
(67%) and outbound (64%) mixed flights. In contrast, flights
in transit had a larger proportion of pelicans (0.61+0.24) and
were most often led by pelicans (62%).

Dore Lake

We observed 54,854 flights at the Dore Lake colony, of
which 51,631 (93.2%) were cormorant-only groups, 2,821
(5%) were pelican-only groups, and 971 (1.8%) were mixed-
species groups (Table 2). The frequency of pelican groups in
the four size categories differed based on whether flights
were inbound, outbound, or in transit (Table 2; X?=27.47,
df=6, P<0.001). Solo outbound pelican flights were more
frequent than expected (73%; Table 2). In-transit pelican
flight sizes were similar to the expected values, with the ma-
jority of flights being solo (73%), and no groups containing
>10 individuals. The total number of pelicans flying solo
differed based on whether the flights were inbound, out-
bound, or in transit (X?=74.85, df=2, P<0.001). Of 2,624
outbound pelicans, 1,262 (48%) flew solo, compared to 707
of 1,990 (36%) inbound, and 43 of 86 (50%) in transit. Thus,
pelican flights tended to be solo, although at least half of the
birds moving to and from the colony or in transit did so in
groups.

The frequency of cormorant flights in four group size
categories differed based on whether flights were inbound,
outbound, or in transit (Table 2; X?=739.07, df=6, P<0.001).
Solo flights were the most frequent at the colony and in tran-
sit (inbound, 48%; outbound, 50%; in transit, 51%). Out-
bound groups consisted mainly of 1-5 individuals and in-
cluded more solo flights than expected (Table 2). Larger
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inbound and in-transit flights (size categories 6-9 and >10)
were also more frequent than expected. In-transit cormorant
flights included more solo events than expected, but there
was also a greater proportion of groups containing >10 birds
(12%) than inbound (8%) or outbound (3%) flights. The total
number of birds flying solo differed based on whether the
flights were inbound, outbound, or in transit (X?=1719.3,
df=2, P<0.001); 14,523 of 75,237 (19%) outbound birds flew
solo compared to 10,639 of 87,491 (12%) inbound and 259
of 3,179 (8%) in transit. Thus, while solo flights were fre-
quent, the majority of cormorants (81-92%) traveled in
groups.

In contrast to Last Mountain Lake, the frequency of
mixed-species flights in the four group size categories at
Dore Lake differed based on whether flights were inbound,
outbound, or in transit (Table 2; X*=29.64, df=6, P<0.001).
Similar to the single-species flights, outbound mixed groups
were smaller than expected, and inbound mixed flights had a
greater frequency of groups containing >10 individuals
(27%) than expected. In contrast, all in-transit mixed flight
groups contained >10 individuals, although only three mixed
in-transit groups were observed (Table 2). Of the 3,636 total
inbound birds in mixed groups, 2,628 (72%) were in groups
of >10 individuals, and all birds observed in transit flew in
groups of >10 individuals. In comparison, 2,106 of 4,351
(48%) birds in outbound mixed flights were in these larger
groups. Mixed-species flights consisted of proportionally
more cormorants during inbound (0.66+0.22) and outbound
(0.66+0.19) flights at the colony, as well as in transit
(0.92+0.04). Outbound mixed groups had more cormorant
leaders (0.62), as did in-transit groups (0.67). However, un-

Table2. The Number of Observed Flights in Four Different Group Size Categories for Pelicans, Cormorants, or Mixed-Species
Groups at Dore Lake During 2007. Counts of Inbound and Outbound Flights were Made at Breeding Colonies, Whereas

In-Transit Flights were Observed in Foraging Areas

N Flight Frequency of Group Size
Composition Total
Type
1 2to5 6to9 >10
Inbound 707 276 32 20 1035
) Outbound 1262 434 23 8 1727
Pelicans
Transit 43 15 1 0 59
Total 2012 725 56 28 2821
Inbound 10639 8196 1600 1824 22259
Outbound 14523 11788 1627 925 28863
Cormorants
Transit 259 153 38 59 509
Total 25421 20137 3265 2808 51631
2 3to5 6t09 >10 Total
Inbound 74 107 60 87 328
Outbound 154 260 126 100 640
Mixed
Transit 0 0 0 3 3
Total 228 367 186 190 971
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like at Last Mountain Lake, pelicans and cormorants at Dore
Lake both led inbound mixed groups approximately equally
(51% and 49%, respectively).

Sizes of Flights at Breeding Colonies
Last Mountain Lake

Pelican group size varied by nesting period (Fig. 2a;
ANOVA, F, 157 =13.40, P<0.001). Post-hoc comparisons
indicated that pelican groups, regardless of direction, were
larger during the late chick-rearing period (2.43+2.80) than
during egg incubation (1.79+1.75) and early chick rearing
(1.89+1.54). Pelican group size also varied with flight direc-
tion (Fy, 1507 =34.95, P<0.001). Inbound groups were on aver-
age 1.3 times larger (2.30+2.51) than outbound (1.76+1.54;
Fig. 2a). There was no interaction between nest period and
flight direction with pelican group size (F, 1527=2.20,
P=0.11), indicating that inbound flights were consistently
larger than outbound flights across the breeding season.

Cormorant group size also varied by nesting period (Fig
2b; F;, g656=146.13, P<0.001). However, in contrast to peli-
cans nesting in the same colony, post-hoc testing showed
that group sizes were larger during the early chick-rearing
period (2.58+2.92) than during egg incubation (1.86+1.81) or
late chick rearing (1.82+2.02). Group size also varied with
flight direction (Fig. 2b; F; gs55=303.72, P<0.001), whereby
inbound groups were on average 1.5 times larger (2.56+3.02)
than outbound (1.74+1.51). Also different from pelicans at
the same location, there was an interaction between period
and flight direction for cormorants (F;, ge5s=15.42, P<0.001).
Inbound flight groups were larger during the early chick-
rearing period (3.28+3.74) than all other groups. Outbound
flights during the late chick-rearing period were the smallest
(1.46+1.06), followed by outbound flights during egg incu-
bation (1.66+1.29).

Unlike single-species groups, mixed-species group sizes
at Last Mountain Lake did not vary with nesting period or
flight direction (Fig. 2¢; F;, 24,=2.12, P =0.122; F; 24,=0.10,
P=0.749), and there was no interaction between these two
variables (F, 24 =0.81, P=0.445). Thus, mixed-species
groups at Last Mountain Lake were consistent in size during
the whole breeding season and regardless of direction.

Dore Lake

Pelican flights varied in size by nesting period (Fig. 3a;
F2 2756 =18.96, P<0.001). Similar to Last Mountain Lake,
post-hoc comparisons revealed that groups were larger in the
late chick-rearing period (1.92+2.46) than during egg incuba-
tion (1.47+1.17) or early chick rearing (1.47+1.28). Pelican
group sizes also varied by flight direction (Fig. 3a; Fy 2756=
18.675, P<0.001); inbound groups were on average 1.3 times
larger (1.9242.59) than outbound groups (1.52+1.29). There
was no interaction between nest period and flight direction
(F2, 2756= 1.054, P=0.348), indicating that inbound flights
were consistently larger than outbound flights across the
breeding season.

Cormorant group size also varied with nest period (Fig.
3b; F, 6079=1388, P<0.001). Post-hoc comparisons showed
that group size was largest during the late chick-rearing pe-
riod (4.731£9.96), and smallest during egg incubation
(1.90+1.83). Cormorant flight sizes also varied by flight di-
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rection (Fy, go79=540, P<0.001); inbound groups were on av-
erage 1.5-times larger (3.83+8.10) than outbound (2.61+
3.96). There was a significant interaction between nest pe-
riod and flight direction (F, g079=6, P=0.005). Pair-wise
comparisons revealed differences between all periods and
directions, with one exception: inbound flights during early
chick rearing (3.56+4.07) were similar to outbound flights
during late chick rearing (3.64+6.14).
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Fig. (2). Mean group size (+SD) of (a) American white pelicans,
(b) double-crested cormorants, and (c) mixed-species groups at Last
Mountain Lake in 2007. Inbound (black bars) and outbound (open
bars) flights at the colony are divided into three periods: egg incu-
bation (1), early chick rearing (2), and late chick rearing (3). Statis-
tical relationships are described in the text.

Mixed-species groups varied in size with nesting period
on Dore Lake (Fig. 3c; F, 96=80.73, P<0.001). Post-hoc
testing revealed that group size in all three periods was dif-
ferent; the smallest group sizes were observed during the
egg-incubation period (3.93+3.14) and the largest were ob-
served during late chick rearing (13.04+18.99). We also
noted an effect of flight direction (Fy, ¢6,=25.24, P<0.001);
inbound groups were on average 1.6 times larger (11.05+.20)
than outbound groups (6.80+8.38). Nest period and direction
had a significant interaction (F;, ¢6,=4.45, P=0.012), driven
by much larger inbound flights during late chick rearing
(21.01+28.97) than any other time. Outbound flights during
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early chick rearing were also larger (4.87+£7.32) than flights
during egg incubation, but were on average 1.8 times smaller
than inbound flights during the same period (8.78+9.82) and
2.7 times smaller than all flights during late chick rearing
(13.04+18.99).
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Fig. (3). Mean group size (+SD) of (a) American white pelicans,
(b) double-crested cormorants, and (c) mixed groups during 2007 at
Dore Lake. Inbound (black bars) and outbound (open bars) flights
at the colony are divided into three periods: egg incubation (1),
early chick rearing (2), and late chick rearing (3). Statistical rela-
tionships are described in the text; the error bars on inbound flights
in panels (b) and (c) for period 3 are truncated to keep the y-axis
scales within a reasonable range for display.

DISCUSSION

We hypothesized that breeding colonies serve as centers
for intra- and interspecific information transfer about forag-
ing success for cormorants and pelicans nesting on two large
lakes in Saskatchewan. Under this hypothesis, we made two
major predictions: (1) groups should form at the colony so
that naive or unsuccessful birds could follow successful
foragers, and (2) cormorants have more current information
on prey availability, so pelicans should benefit by following
outgoing cormorants. In contrast to prediction (1), the major-
ity of outbound pelican and cormorant flights initiated at
colonies on both lakes were single birds. In addition, outgo-
ing flights were smaller than incoming flights on both lakes.
This indicates that group formation at the colony is less fre-
quent, and therefore perhaps less important, than group for-
mation elsewhere that results in larger flocks moving be-
tween foraging sites or making return flights to colonies.
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Finally, outbound birds sometimes changed flight groups
while still in sight of the colony. Therefore, they did not al-
ways remain with the group that formed at the colony, and
thus they would not benefit from information transfer. These
lines of evidence suggest that groups are important for these
birds, but they do not support the hypothesis that breeding
colonies function as intraspecific information centers. How-
ever, when we considered the numbers of birds moving
rather than the frequency of flights, more pelicans and cor-
morants traveled as part of groups than solo. This suggests
that despite the frequent occurrence of solo flights, traveling
in groups from breeding colonies is important for many
birds. Thus, our data on outgoing group size provide at best
ambiguous support for the information center hypothesis.

With respect to prediction (2), we found that mixed
flights of pelicans and cormorants were relatively rare, com-
prising only 1.8-2.4% of all observed flights. Specifically,
1.2-1.6% of mixed flights were outgoing, suggesting that
interspecific information transfer resulting in mixed-species
group formation at the colony is not common. Of the outgo-
ing mixed groups that did form, most were led by cormo-
rants (62—-64%), which is consistent with our prediction that
pelicans should follow cormorants to foraging sites. Recent
studies of interspecific learning [16, 23-25] suggest that if
conspecifics lack certain information, individuals may learn
from other species with more knowledge. While previous
studies have considered both pelican and cormorant foraging
flights individually [11, 14, 15], this is to our knowledge the
first study to address the development of mixed-species for-
aging flights involving these species. However, we are un-
able to distinguish whether pelicans followed cormorants in
an attempt to find foraging sites, or whether mixed groups
formed by chance and cormorants led because they are faster
flyers ([15]; personal observations). Regardless, our data
show that the large mixed-species foraging aggregations
commonly observed on both lakes do not originate at the
breeding colonies, and thus are not part of an interspecific
information transfer system that uses the colony as a the
transfer point.

Although cormorants and pelicans did not typically form
large mixed groups while flying outbound from breeding
colonies, they frequently foraged in such aggregations. In
addition, mixed-species inbound and transit flights were of-
ten large. Thus, these birds somehow form groups at forag-
ing sites or other locations removed from breeding colonies.
Possible mechanisms for this include birds spotting other
foragers while flying overhead, or they may follow the gen-
eral direction of traffic to and from foraging areas [9, 26].
An alternative is that both species respond to similar cues
from habitat or prey, and simply end up in the same foraging
locations independently. The amount of open water on both
lakes likely permits birds to spot others easily during rela-
tively low-altitude flights, and both colonies were large
enough to provide a steady stream of incoming and outgoing
birds that might indicate the general direction of good forag-
ing sites. We cannot distinguish between these two possibili-
ties. However, in several pilot experiments (C. Somers et al.,
unpublished data) we were able to attract pelicans and cor-
morants to specific locations on Last Mountain Lake by
feeding fish to California gulls (Larus californicus), which
nested on the same island as the cormorants and pelicans.
Pelicans and cormorants were presumably attracted by the
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feeding activities of the gulls, which would provide support
for the idea that they may locate foraging sites, at least some
of the time, by observing other species, rather than following
them per se.

Our hypothesis for information transfer provides an a
priori framework to understand potential group formation
for outbound flights from breeding colonies, but it does little
to explain why inbound birds tended to fly in more regular
and larger groups. One possibility is that incoming flights
consist of birds returning together from common foraging
areas. This explanation seems unlikely given that birds
should become satiated at different times while foraging, and
therefore return to the colony at different times, not in coor-
dinated groups. In support of the notion that incoming
groups are likely not foraging mates, we commonly observed
individual cormorants carrying nesting material in returning
flocks, which indicates that they did not return directly from
a foraging site. In addition, many inbound birds joined
groups while in sight of the colony. Thus, it is likely that
inbound groups do not necessarily return together from the
same foraging site. Group formation in returning flights may
be for navigation or communication, but it is unlikely that
this is necessary when returning to the breeding colony. Al-
ternatively, returning birds may fly in groups to benefit from
the energy savings of flying in formation [27-31]. Provision-
ing adults make more trips [30] and carry more mass so the
cost of flight is greater. This is supported by the flight forma-
tions observed during inbound flights (personal observa-
tions); groups were typically arranged in column, V, or J
formations [31], which provide more energy savings than
flying alone [27-31]. Energy savings may also explain why
incoming group sizes tended to be larger during late chick-
rearing, when adults would be carrying larger and heavier
prey to feed their young. In addition, flight groups may also
take a while to form, which may explain why large outgoing
groups at the colony were relatively uncommon. Other stud-
ies [11, 14, 32] have also reported that American white peli-
cans and double-crested cormorants tend to leave the colony
alone, but can form larger groups, via an unknown mecha-
nism, as they travel.

At both study sites, group sizes for all flights varied dur-
ing the breeding season. This indicates that the importance of
group formation is at least partly determined by reproductive
stage. At both lakes, and for both species, flight groups were
smallest during egg incubation. We cannot explain the un-
derlying cause of this based on our data, but propose two
possible explanations: (1) the lower demand on adult forag-
ing without chicks to feed reduces the need for group forma-
tion, or (2) some feature of prey availability in the early part
of the season does not require frequent group formation. Fu-
ture studies need to incorporate measures of prey availability
and foraging activities of marked birds to clarify this. In-
bound and outbound pelican flights at both lakes were larg-
est during late chick rearing, as were cormorant flights at
Dore Lake. Thus for some reason this period favors larger
groups. Prey may be depleted closer to the colony by late in
the chick-rearing period (“Ashmole’s halo” [33, 34]), requir-
ing birds to travel farther and fly in formation to save energy,
or locate other successful foraging sites. Higher demand to
bring food to nearly full-grown young may select for group
formation for similar reasons. Cormorant flights at Last
Mountain Lake do not fit this explanation, however, as they
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were largest during early chick rearing. We postulate that
because the group sizes were larger during this time, they
may have had greater importance for the Last Mountain Lake
cormorants during this period. Other studies have shown that
group formation in cormorants can be influenced by prey
availability, or a decline in underwater visibility [10], both of
which may have contributed to the patterns we observed.

CONCLUSION

The formation of groups of colonial birds for flights may
be important for a number of potential reasons: (a) individu-
als follow more knowledgeable birds to successful foraging
sites (the information center hypothesis [5]; e.g., [35, 36]);
(b) social or cooperative foraging encourages individuals to
travel together to ensure they are part of a group when they
arrive at the foraging site [11]; (c) energy savings when fly-
ing in formation [28]; (d) navigation and communication
[37]; and (e) predator avoidance while flying (although this
is not likely an issue for large birds [38]). Pelicans and cor-
morants are likely candidates to form groups to gain infor-
mation because they nest in large colonies, and remain at the
site for a relatively long time (approximately 17 weeks [39])
to raise altricial young [26]. Also, because they often travel
large distances to find ephemeral prey, they may be able to
decrease search time by gaining information from others [5].
Our observations over the entire breeding season at two dif-
ferent colonies produced equivocal evidence for the informa-
tion center hypothesis; outbound flights tended to be solo,
but more birds left the colony in groups. Previous studies
involving other seabird species (e.g., Alcids [40], Larids
[41]) have also been inconclusive regarding this hypothesis.
With respect to interspecific information transfer, while
cormorants and pelicans sometimes travel and forage to-
gether ([8]; personal observations), there is little evidence
that mixed foraging groups are initiated at the colony. Thus,
group formation in pelicans and cormorants likely occurs
most often via another, as yet uncharacterized mechanism
that may involve searching for other foraging piscivorous
species on lakes.
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