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ABSTRACT

Foraging behaviour of American White Pelicans (P. eryth-

rorhynchos) was studied at Dauphin River, Manitoba, Canada

in 1985 and 1986. Pelicans concentrated foraging activity
around dusk and dawn and were more active at night than dur-
ing the day. Time-dependent changes in activity appeared
related to predicted fish abundance. Proximate factors such
as temperature and wind speed also modified the timing of
foraging activity. Most pelicans at Dauphin River foraged
near the base of rapids, especially at night. Foragers pre-

ferred slow-moving water less than one meter in depth.

Pelicans most frequently joined small foraging flocks.
The total number recruited to flocks increased with flock
size. Only during daylight hours did pelicans selectively
join flocks that were capturing prey. During the day, peli-

cans departed a flock when capture rates were declining.

Pelicans used six distinct foraging strategies which dif-
fered in flock size, structure, relative degree of coordina-
tion among participating flock members and foraging success.
Only uncoordinated foraging strategies were frequently
formed by the restructuring of existing flocks. The most
coordinated strategies were also the most effective and,

except for Semicircles, were employed by the most foragers.
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Semicircles were the most highly coordinated foraging strat-
egy of all. Pelicans using this strategy captured the larg-
est number and size of fish, but could evidently use this
strategy only in special circumstances of prey clumping and
location. The greater feeding success of. pelicans using
coordinated strategies indicates a degree of cooperation.
Socially facilitated feeding behaviour was also demonstrated
by a positive relationship between rates of bill dipping and
flock size independent of prey capture. Other foraging
adaptations 1included flock movement in the direction of
greatest foraging success which was higher in the front than
the middle or back of flocks, "leap-frogging" from the rear
to the front of flocks, and enhanced search effort in the
form of increased rate and duration of bill dipping combined
with decreased turning immediately after prey capture. Pel-
icans also preferentially foraged in habitats where rates of

prey capture were highest.
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GENERAL INTRODUCTION

American White Pelicans (Pelecanus erythrorhynchos) breed

from southern interior British Columbia to western Ontario
in Canada, south to California, northern Utah, southern Mon-
tana and South Dakota in the United States (Godfrey 1986).
In Manitoba, pelicans breed on the islands and reefs of sev-
eral shallow lakes in the southern half of the province.
Pelicans travel up to 100 km from their breeding colonies to
lakes, rivers and marshes where they feed (Palmer 1976, Lin-
gle and Sloan 1980). Pelicans prefer to feed 1in shallow
waterbodies (Knopf and Kennedy 1980, Lingle and Sloan 1980).
They are surface feeders which capture prey by plunging
their heads under water and scooping up fish in their gular
pouches. Pelicans forage throughout the day, but have peaks
of feeding activity in the early morning and late evening
(Palmer 1976). Some studies suggest that pelicans also for-
age at night (Schaller 1964, O'Malley and Evans 1984). As
my first objective in this study, surveys of Dauphin River,
Manitoba, were performed in 1985 and 1986, to determine
where pelicans foraged and loafed during the day and night,
and to identify factors which potentially influenced abun-
dance, size and location of foraging and 1loafing flocks.

This material is treated in Chapter 1.
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As indicated above, most American White Pelicans foraged

in groups. For group foragers, the ability to find food can
be significantly increased when birds use the presence or
absence of conspecifics as a measure of food availability
and location (Waite 1981), or actively join successful for-
agers (local enhancement, Thorpe 1956). For seabirds,
flocks often form around a single forager that locates food
(Hoffman et al. 1981). Flocks subsequently build up rapidly
until the food source dissipates or is depleted, then dis-
band as feeding rates drop off (Bartholomew 1942, Porter and
Sealy 1982). A second objective of this study (Chapter 2)
was to determine how foraging flocks form and breakup. The
importance of food availability on the decision to join or

leave a flock was also examined.

Pelican foraging flocks can exhibit a range of sizes,
shapes and may differ markedly in the extent to which activ-
ities within the group are coordinated as they search for
food. Recognizably different patterns of foraging will be
referred to as different foraging strategies. Many species
use a variety of such strategies. American Kestrels (Falco

sparverius), for example, not only search for prey while

actively flying and hovering, but also use a sit-and-wait
strategy and will occasionally hawk for insects (Rudolph
1982). A similar classification of strategies was used for

Northern Shrikes (Lanius excubitor)(McNicholl 1972). Iden-

tification, description and analysis of pelican foraging
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strategies constituted a primary part of this study (Chapter
3). Most studies of pelican foraging describe cooperative

feeding flocks in which foragers either trap or herd a

school of fish (Cottam et al. 1942, Anderson 1987). In
these studies, the existence of cooperation has been
inferred by the behaviour of foraging pelicans; there has

been no investigation of whether or not the participating
members of these flocks benefit from such formations, as is
more usually implied by the term cooperation (Brown 1975).
Assessing the extent of cooperation within foraging strat-
egies was one of my main objectives. I also looked for man-
ifestations of social facilitation, where the presence of
conspecifics stimulates birds to eat more food and at faster
rates (Tolman and Wilson 1965, Turner 1965). In addition,
variables such as flock size, activity patterns and forager
location may also influence rates of searching and feeding,
and were examined as part of my analysis of foraging strat-

egies in Chapter 3.



CHAPTER 1. DIURNAL AND NOCTURNAL PATTERNS OF ABUNDANCE AND

DISTRIBUTION OF FORAGING AMERICAN WHITE PELICANS

INTRODUCTION

American White Pelicans (Pelecanus erythrorhynchos) tra-

ditionally have been assumed to be diurnal, although a few
researchers have observed them feeding at night (Goss 1888,
Hall 1925, Low et al. 1950, Schaller 1964). O'Malley and
Evans (1984) provided qualitative evidence suggesting that
foraging activity along a riverine site was highest at
night. However, no systematic examination of the distribu-
tional patterns or of the foraging behaviour of these noc-

turnally active pelicans yet exists.

American White Pelicans range widely in search of food,
often travelling from 50 to over 100 km from their breeding
colonies (Cottam and Williams 1939, Low et al. 1950, Behle
1958, Lingle and Sloan 1980, Trottier et al. 1980). During
the breeding season, white pelicans prefer to forage on
freshwater lakes, rivers and marshes, but have also been
seen on small ponds having fresh or brackish water (Palmer
1976, Lingle and Sloan 1980). Factors influencing the

selection of feeding sites are at present not documented,
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but appear to be related primarily to the relative abundance
and accessibility of fish. Knopf and Kennedy (1980) sug-
gested that pelicans used Pyramid Lake, in Nevada, when

spawning Tui Chubs (Gila bicolor) moved into the shallows in

large numbers during June. Abundance of foraging pelicans

at a lake not normally used increased dramatically after

declines in water levels stranded Carp (Cyprinus carpio) and
other fish species in shallow water. Similar preferences
for shallow water have been documented in the Great White

Pelican (P. onocrotalus) of Africa (Guillet and Crowe 1981,

1983).

This study uses surveys of Dauphin River and Lake Winni-
peg to determine the distributional patterns of foraging and
loafing pelicans during both day and night. Factors poten-
tially influencing pelican distribution, especially those
attributes of preferred foraging locations, were examined.
Environmental factors such as temperature, wind speed, water
depth and speed, which could potentially influence abun-
dance, size, and location of foraging and loafing flocks,

were also examined.



MATERIALS AND METHODS

Study area

American White Pelicans were studied on and adjacent to
Dauphin River, a river 54 km long and located in south-cen-
tral Manitoba, Canada (51°58'N, 98°07'W) that carries water
from Lake St. Martin northeast to Lake Winnipeg (Fig 1).
The areas examined included a 6 km? section of Lake Winnipeg
shoreline and adjacent water extending directly northeast
from the river mouth, and a 17 km stretch of river extending
upstream (southwest) from its mouth (Fig 2). The closest
known pelican breeding colony contained 3800 nests and was
located at St. Martin Isles, 50 km northeast from the mouth

of Dauphin River (Koonz 1987).

The width of Dauphin River in the study area ranged from
50 to 210 m, averaging 115 m. Vegetated banks, rising from
5 to 30 m above the water level, extended for 12 km upstream
from the river mouth. River bank vegetation was predomi-

nately willows (Salix spp.), white birch (Betula papyrif-

era), jack pine (Pinus banksiana) and spruce (Picea spp.)

intermixed with some trembling aspen (Populus tremuloides).

Low lying shoreline areas extending 12 to 17 km from the
river mouth were dominated by sedges (Carex spp.) and mead-

ow grasses, while sparse stands of bullrush (Scirpus spp.)




Figure 1. Map of southern Manitoba showing the location of:
A) Lake Winnipeg, B) St. Martin Isle, C) Dauphin River,

D) Lake St. Martin, and E) Lake Manitoba.
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Figure 2. Map of Dauphin River and Lake Winnipeg study sites
showing: A) road, B) upriver habitat, C) white water
region of rapids, D) intermediate habitat, with associated

islands and mudflat, E) downriver, and F) Lake Winnipeg.
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and reedgrass (Phragmites communis) occurred intermittently

near the shoreline. The river substrate was rocky and fair-
ly homogeneous; relative water turbidity was low and aquatic
vegetation virtually nonexistent. A road adjacent to the
northern river bank provided easy access to the entire study

area.

Various locations along Dauphin River were visited by
canoe in August (1985) and water depths were measured. For-
ty deep-water samples were taken using an enumerated nylon
rope that was attached to the base of a 200 x 300 mm, 2000 g
metal weight. A wooden meter stick was wused for sampling
water depth in shallow water. Thirty estimates of surface
water speed were made by tossing a piece of wood in the riv-
er, approximately 10 m from the northern shore and recording
the time required for it to travel 10 m downstream. Addi-
tional water depth and water speed measurements were taken

in 1986,

For data collection and analysis, Dauphin River was seg-
regated into four distinct habitats (Fig 2) based on a com-
bination of location, water depth and speed: A)Upriver -
The area extending farther than 12vkm upstream from the riv-
er mouth, where banks were low, and the water was deep (2-4
m, at midstream), with slow current (<0.5 m/s), B)Rapids -
This included the region extending from 6 to 12 km upstream
from the river mouth, where the water was shallow (<0.5 m

deep) and moving fast (>2 m/s); C) Intermediate - This habi-
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tat extended for 3 km downriver from the base of the rapids.
The river was shallow (<1.5 m) near midstream and had a
water speed of 1-2 m/s; D) Downriver — An area of deep (2-5
m) and slow-moving (<1 m/s) water extending 3 km upstream

from the river mouth.

Water depth increased more rapidly from the southern than
the northern shore. A channel approximately 2 m deep was
located 15 to 25 m from the south shore and extended upriver
for 12 km. Sandbars were present in the region extending
from 2.5 to 5.5 km upstream from the river mouth (Fig 2).
Two vegetated islands, 50x100 m in area, were situated near
these sandbars, equidistant from the two shores. Sandbars
became prominent during late summer of 1985, but most were
absent during the following spring when water levels in Lake

St. Martin were 1 m higher (Huey Hunter, pers. comm.).

Fish distribution and activity patterns

The most common species of fish found within or near Dau-

phin River include: Cisco (Coregonus artedii), 1lake whi-

tefish (C. clupeaformis), northern pike (Esox lucius), white

sucker (Catostomus commersoni), longnose sucker {(C. catasto-

mus), burbot (Lota lota), yellow perch (Perca flavescens),

walleye (Stizostedion vitreum), sauger (S. canadense), emer-

ald shiner (Notropis atherinoides), spottail shiner (N. hud-
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sonius), fathead minnow (Pimephales promelas), brook stick-

leback (Culaea iﬁconstans), johnny darter (Etheostoma

exile), trout-perch (Percopsis omiscomaycus) (Keleher 1952,

Scott and Crossman 1973, Lysack 1980, 1981)

All except burbot, cisco and whitefish spawn in the shal-
lows of rivers and 1lakes from May to mid-June (Scott and
Crossman 1973). Most species of fish are active within 30
min of dusk and dawn, when they move into shore to feed
(Emery 1973). Yellow perch, minnows and darters form rela-
tively small schools in rivers in early May. They are fre-
guently found 1in water less than 1 m in depth during day-
light hours (Keast and Welch 1968, Emery 1973, Hall and
Werner 1977). Yellow Perch are most active from 0600-0800

hrs and 1800-2200 hrs (Hasler‘and Bardach 1949).

Walleye, sucker, trout-perch, burbot, whitefish and cisco
are nocturnal species that move into shore at dusk and
remain active 1in shallow water until dawn (Carlander and
Cleary 1949, Lawler 1969, Emery 1973, Engel and Magnusson
1976, Rudstam and Magnusson 1985). The periods of greatest
activity, in order from highest to lowest, are: 1) Walleye
and sauger: 2000-0700 hrs, 1900-2000 hrs and 1500-1900 hrs,
2) Sucker: 2200-0600 hrs and 1000-1200 hrs, 3) Lake whitef-

ish and cisco: 2000-0700 hrs (see references above).

Lake whitefish made spawning runs up Dauphin River to

Lake St. Martin from early August to mid-September. Small
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schools of minnows were observed periodically during day-
light hours, but whitefish greatly exceeded all other spec-
ies of fish during the summer study period (Huey Hunter,
Chris and Helgy Einarsson, pers. comm.). These sources, and
results from fish-tagging experiments (Ken Campbell, pers.
comm.), suggested that extended spawning runs occurred pri-
marily around dusk (1900-2300 hrs), with smaller ones imme-
diately after dawn (0600-0800 hrs), around noon (1000-1300
hrs) and the afternoon (1600-1900 hrs). Many whitefish made

spawning runs at night, but at unpredictable times.

Pelican abundance and distribution

A flock was defined as any group containing pelicans that
were within approximately 5 m of each other (0'Malley and
Evans 1982a). Foraging flocks consisted of birds that were
on water and were actively striking (dipping) their bills
into water; this is characteristic of foraging behaviour in
this species (Palmer 1976). Loafing flocks consisted of
birds that were standing on a solid substrate, such as
exposed sandbars or in shallow water adjacent to shore, and
were not dipping for food. The size and location of all
foraging and loafing flocks observed on the river and adja-
cent lake were recorded onto data sheets during vehicle-

based surveys performed from 31 May to 10 June and 23 August



13
to 5 September in 1985, and from 11 to 28 May in 1986.
These seasons will be referred to as spring (May, June) and
summer (August, September), respectively. Locational infor-
mation included the distance of flocks from the river mouth
(to the néarest 100 m) and from the nearest shore (to the
nearest 10 m). Type of substrate (shoreline, sandbars,
islands or rocks) used by each loafing flock was recorded.
Foraging flock density was determined from estimates of the
average distance between neighbouring pelicans. The values

recorded for group density were based on the following

inter-pelican distance: 1)Very high density - one bill
length, 2)Dense - between one bill 1length and one body
length, 3)Moderate density - between one and two body
lengths, 4)Low density - two to three body lengths, and

5)Very low density - greater than three body lengths.

The starting location for surveys was alternated between
the lake shore and the farthest point upriver. In 1985,
surveys were performed in the morning (0430-0830 hrs, CDT),
near midday (1030-1430 hrs), in the evening (1700-2000 hrs)
and at night (2300-0300 hrs). In 1986, nocturnal surveys
were replaced by afternoon (1430-1830 hrs) surveys and the
timing of transects performed during both the midday and
evening were changed to 1130-1300 hrs and 2000-2200 hrs,
respectively. Transects required approximately 90 min to
complete during daylight hours and 120 min at night. All

observations were made with either 10x50 Bushnell binoculars
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or an infrared night scope (Javelin, model #325), depending
on lighting conditions. Due to the limited visual range of
the infrared scope (300 m) and obstructions created by riv-
erbank vegetation, nocturnal transects only extended from 0
to 4 km and 13 to 17 km from the river mouth. A total of 52
surveys were performed in 1985 and 28 1in the following
spring. Many morning surveys were aborted in 1985 due to

the presence of dense fog which obscured much of the river.

A compass and hand-held anemometer (MET-5500, Le Natural-
iste, Rimouski, Quebec) were used prior to each survey to
discern wind direction and speed. The relative amount of
cloud cover was estimated. Daily temperature and rainfall
data were obtained from the local meterological station at

the Dauphin River Hatchery.

Variations in the abundance and distributional patterns
of foragers and loafers were assessed primarily with Krus-
kal-Wallis (K) rank tests (Neter and Wasserman 1974). To
determine if any combination of environmental parameters
could explain the variation in forager and loafer abundance
observed during the daytime surveys, stepwise regression was
used in conjunction with tests for determining maximal-r-
squared and Mallows Cp coefficient (Berenson et al. 1983).
The suitability of temperature, windspeed, relative cloud
cover, date and time of day as predictors of pelican abun-
dance was tested for each model. Linear regression was used

to test the above models and to determine if the total abun-



15
dance of foragers or loafers along the river was related to
flock size. Correlation analysis was used to establish
whether or not the number of loafers increased with forager

abundance.
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RESULTS

Pelican abundance

Daytime abundance (N pelicans x survey ') of all peli-
cans, whether foraging or loafing, varied significantly over
seasons (Table 1). Significantly more pelicans were along
Dauphin River during the summer than either spring.  Peli-
cans were more numerous in spring of 1986 than the preceed-
ing spring. Day-night comparisons, in the river regions
extending from 0 to 4 km and 13 to 17 km from Lake Winnipeg,
revealed no significant difference in number of pelicans
during the spring (mean * s.d.: day=199.6%70.35 pelicans x
survey ', N=18 vs. night=201.7£72.55, N=9; t=0.07, p>0.90)
or summer of 1985 (day=1353.1+£571.52, N=16 vs
night=1608.0+710.03, N=9; t=0.98, p>0.30). In contrast to
the river, significantly more pelicans used Lake Winnipeg in
the spring of 1985 than in either the summer or the follow-
ing spring (Table 1). The area covered by the lake study
site was three times larger than the river site, but the
latter contained from 5- to 200-fold more pelicans during

the day.

Foragers. Diurnal river foragers were significantly more
abundant in summer than in either spring season (Table 2).
Flocks were also more numerous, but significantly smaller,
in summer. Of the spring study periods, foragers were
slightly (but not significantly) more abundant along the

river in 1986 than 1985, while flock size was similar in the



Table 1.

Mean + s.d. number of pelicans per survey during the day in

both river and lake habitats (N surveys in parenthesis).
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Season'!
Spring '85 Summer '85 Spring '86
Habitat (18) (16) (28) K P
River  263.04106.56%  1827.9+452.35°  355.7¢158.44%  37.40 <0.001
Lake  47.1£49.75° 9.1+13.660  10.6+15.33°  9.97 <0.01
Total  310.1£95.82 1837.14451.05  366.3:164.12

1Values in same row having different superscripts are significantly
different at p=0.05 (Mann-Whitney U test).
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Table 2. Mean * s.d. number of foragers per survey and foraging flock size during

the day.
Season!

Variable Habitat  Spring '85 Summer '85 Spring '86 K p
N surveys 18 16 28
N foragers River 53.6+57.642 299.5$251.54°  107.4¢97,202  16.67 <0.001
X survey”

Lake 12.2426.63 9.1£13.66 1.7%2.45 1.34 >0.50
K(p) River 16.28(<0.001) 23.25(<0.001)  38.63(<0.001)

vs. lake
Flock size River 9,2%24,378 3.7i34.90b 7.8+16.25% 677.02 <0.001
N flocks 105 129 387

Lake 3.6+13.182 1.1#0.96° 1.5+1.392 19.93 <0.001

61 130 31

K(p) River 22.72(<0.001) 2.14(>0.10) 20.72(<0.001)

vs. lake

1See Table 1, footnote
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two years. On the lake, the number of foragers did not dif-
fer significantly among seasons (Table 2). Flocks were sig-
nificantly smaller on the 1lake during the summer than in
either spring. Diurnal foragers were more numerous and
flock sizes larger along the river than the lake during both
spring study periods (Table 2). During the summer, foragers
were more numerous on the river, but flocks were similar in

size in the two areas.

Nocturnal foragers on the river were significantly more
numerous in summer than spring of 1985, but flocks were
larger in the spring (Table 3). Comparing nocturnal tran-
sects with the same portion of river surveyed during the day
revealed that larger numbers of foragers and larger flock
sizes were present at night in both spring and summer (Table
3). Wide ranges in foraging flock size, from 1 to 200 peli-
cans in spring and 1 to 900 pelicans in summer, account for
the high variance observed during periods of greatest activ-

ity.

In spring, forager abundance (Fig 3A,C) and flock size
(Fig 4A,C) were high within an hour of twilight in evening
and, to a lesser extent, in morning. Numbers of foragers
remained high throughout the night, with minor peaks in
abundance and flock size ocurring in early afternoon. In
summer (Fig 3B, 4B), peaks in flock size and number of for-
agers occurred from 2200 to 0200 hrs, with smaller peaks
around 1100 hrs. Summer flock size peaked at 1730 hrs (Fig

4B).



Table 3.

survey and foraging flock size in 1985.
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Mean + s.d. number of diurnal and nocturnal foragers per

Period
Variable1 Season Day Night K P
N forageri Spring 51.7456.72 160.7+78.21 11.01  <0.001
X survey~ (18) (9)
(N surveys)
Summer 292.5+252.67 622.1+394.20 5.39 <0.05
(16) (9)
K (p) Spring 12.88(<0.001) 10.96(<0.001)
VS. summer
Flock size Spring 9.8+25.54 28.9+40.24 19.81 <0.001
(N flocks) (95) (50)
Summer 3.8+£35.93 9.7+40.84 45.45  <0.001
(1220) (578)
K (p) Spring 252.09(<0.001) 121.55(<0.001)
VS. summer

Areas sampled extended from 0-4 km and 13-17 km from the river mouth
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Figure 3. Temporal.changes in abundance of foraging and
loafing pelicans, plotted on a semi-log scale, on Dauphin
River and Lake Winnipeg study sites combined during
(A) spring '85, (B) summer '85, and (C) spring '86.
Nocturnal transects were performed in 1985 and covered
47% of the river study area. Horizontal bars show morning

and evening twilight.
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Figure 4. Temporal changes in flock size of foraging and
loafing pelicans, plotted on a semi-log scale, on Dauphin
River and Lake Winnipeg study sites combined during
(A) spring '85, (B) summer '85, and (C) spring '86.
Nocturnal transects were performed in 1985 and covered
47% of the river study area. Horizontal bars show

morning and evening twilight.
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Loafers. Diurnal loafers along the river were signifi-
cantly more abundant, and formed 1larger flocks, in summer
than either spring (Table 4). No significant difference in
number of loafers or size of flocks occurred between either
spring. On the lake, loafers were significantly more abun-
dant in spring 1985 than any other time. Loafing flock size
on the lake was similar between springs. Pelicans were nev-
er seen loafing on or near shores of the lake during summer.
Significantly more pelicans loafed along the river, than the
lake, during all seasons (Table 4). Loafing flocks did not

vary significantly in size between these two habitats.

During night, loafers were significantly more numerous
and formed larger flocks in the summer than spring (Table
5). Loafers were more abundant during the day than night in
spring, but not summer (Table 5). Loafing flocks were sig-

nificantly larger during summer nights, but not in spring.

Pelicans normally loafed during periods of low foraging
activity; increase in number of loafers during the day usu-
ally followed declines in number of foragers (Fig 3A-C).
Sudden increases in loafer abundance between 1100 and 1230
hrs (Fig 3A-B) were associated with both the influx of peli-
cans into Dauphin River from the breeding colony, located 50
km northeast, or other areas and the cessation of foraging
by local flocks. Peaks 1in loafing also occurred around
morning twilight and late evening. No consistent pattern of
variation in loafing flock size was seen throughout the

solar day (Fig 4A-C).




24

Table 4. Mean * s.d. number of loafers per survey and loafing flock size during

the day.
Seasonl

Variable Habitat Spring '85 Summer '85 Spring '86 K P
N surveys 18 16 28
N loafers River 209.4+86,328 1528.4%461.020 248.3£148.818 35,22 <0.001
X survey~ b

Lake 34,940,812 0.0+0.00 8.9+15.26%  20.77 <0.001
K(p) River 24.56(<0.001)  26.59(<0.001) = 41.70(<0.001)

vs. lake
Flock size River 25.5+33.432 90.9+115.31>  31.7#48.81%  59.31 <0.001
N flocks 148 269 219

Lake 30.0£31.81 —_— 22.7+16.84 0.00 >0.90

21 0 11

K(p) River 1.37(>0.20) _— 0.41(>0.50)

vs. lake

1See Table 1, footnote
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Table 5. Mean * s.d. number of diurnal and nocturnal loafers per

survey and loafing flock size in 1985.

Period
Variable1 Season Day K )
N loafers Spring 136.1+57.63 41.2+39.95 11.88 <0.001
X survey~ (18)
" (N surveys)
Summer 1092.54561.07 986.7+574.75 0.16  >0.60
(16)
K (p) Spring 20.12(<0.001) 7.99(<0.005)
VS. summer
Flock size  Spring 22.9+32.75 23.2+28.19 0.28 >0.50
(N flocks) (107)
Summer 89.6+119.52 206.5+215.81 12.41  <0.001
(195)
K (p) Spring 37.07(<0.001) 13.98(<0.001)
VS. summer

Ysee Table 3, footnote
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Influence o¢of environmental parameters on abundance.

Diurnal forager abundance increased marginally with time of
- day during all seasons (Table 6). In spring 1985, date was
the best estimator of forager abundance. In summer 1985 and
spring 1986, wind speed contributed inversely to the models
explaining forager abundance (Table 6). In summer, tempera-
ture and forager abundance were inversely related. Changes
in loafer abundance in both spring seasons were not related
to any of the variables tested (Table 6). An increase in
both amount of cloud cover and time of day were associated

with increasing loafer abundance in summer.

Relationship between abundance and flock size. Regres-

sion of forager and loafer flock size on abundance (Table 7,
data from Figs 4, 5) indicated the presence of a strong
positive relationship between these variables during both

day and night in both spring seasons, but not in summer.
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Table 6. Stepwise and multiple linear regression, assessing effects of
time and weather on number of pelicans foraging and loafing during
diurnal surveys.

N
Activity Season Variables accepted1 surveys F r? D
N foragers Spring Date (+) 17 6.81 0.312 <0.025
- 1
X survey 8 Tipe (<) 17 4.42 0.165  =0.05
Date x time 17 0.02 —_ >0.80
Summer  Time (+) 10 14.57 0.089 <0.01
[}
85 1emp () 10  5.38 0.473  <0.001
Wind speed (-) 10 26.48 0.402 <0.001
Time x temp 10 1.33 — >0.20
Time x wind speed 10 0.51 e >0.40
Temp x wind speed 10 1.02 —_— >0.30
Spring Time (+) 25 3.92  0.131 =0.05
186 Windspeed (-) 25 3.53 0.133  <0.05
Time x wind speed 25 0.51 — >0.40
N loafers. Spring None 17 0.75 0.148%  >0.05
X survey"1 '85
Summer  Time ' (+) 10 5.55 0.099 =0.05
|
85  (loud cover  (+) 10 27.75 0.776  <0.001
Time x cloud cover 10 0.82 e >0.30
Spring  None 25 0.64 0.1372  >0.05
'86

1Direction of slope, positive or negative, provided in parenthesis

2r2 provided for all environmental parameters: Date, time of day

(time), temperature, wind speed and cloud cover



Table 7.

number of pelicans foraging or loafing.

Results of regression analyses between mean flock size and

Data for river and lake
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combined.
N Equation
Season  Period Activity Surveys of line r?
Spring  Day Foraging 17 y=3.52+0.110x 24.74 0.623 <0.001
'85
Loafing 15 y=6.22+0.093x 21.77 0.626 <0.001
Night Foraging 9 y=-8.02+0.260x 8.64 0.552 <0.025
Loafing 5 y=3.06+0.310x 38.73 0.928 <0.001
Summer  Day Foraging 16 y=-2.34+0.081x 3.86 0.216 >0.05
'85
Loafing 16 y=46.59+0.033x 3.78 0.212 >0.05
Night Foraging 9 'y=32.25-0.019x 2.09 0.230 >0.05
Loafing 7 y=192.75+0.026x  0.09 0.018 >0.05
Spring  Day Foraging 28 y=3.20+0.044x 18.62 0.417  <0.001
'86
Loafing 28 y=14.82+0.076x 11.87 0.313 <0.005
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Pelican distribution within habitats

Foragers. The few diurnal foragers observed on the lake
were normally located within 500 m of shore. The limited
range of the infrared scope (<300 m) did not allow an
extended examination of the lake at night. Near-shore
observations provided no evidence that pelicans foraged on

the lake at night.

Differences in daytime forager abundance and flock size
were present among river habitats during every season in day
and night (Table 8). Foragers were normally more numerous
in the downriver and intermediate river habitats, while few
used the rapids and upriver habitats. Significantly more
foragers were in the intermediate than downriver habitat
during spring nights in 1985, and daytime in 1986. Foraging
flocks were significantly larger in the intermediate than
downriver habitat during all periods, except summer nights.
Day-night differences in forager abundance were significant
in the intermediate habitat during the spring and summer
(Table 8); at these times, more pelicans foraged at night.
‘With the exception of the intermediate habitat in summer,

flocks were significantly larger at night than day.

Forager abundance increased closer to shore (Table 9).
To determine 1if forager distribution might result from a

preference for decreasing water depth, Spearman's correla-
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Table 8. Differences in mean : s.d. forager density (N foragers x survey'1 x km™1) and flock size among river

habitats and between day and night.

: . 1
River habitats

N
Variable Season  Period surveys Downriver Iintermediate Rapids Upriver K !
N foragers x  Spring  Day 18 7.9:18.36° 9.3:11.39a 0.2:0.51b 0.1:0.39b 39.13  <¢0.001
survey=i x '85
k-1 Night? 9 7.9¢11.20%  45.6+26.78P _ 0.0£0.13%  21.17  <0.003
Kip) Day vs. night 0.24(>0.60) 13.36(<0.001) — 0.17(>0.60)
Sumer  Day 16 53.7:75.46°  45.9:61.24%  0.1:0.38°  0.00.00°  30.96 <0.001
‘85
Night 9 103.4118.15% 103.92105.48° — 0.0:0.0°  16.31 <2.001
Day vs. night 4.15(<0.05; 3.08{>0.05) —_ 0.00(>0.90)
Spring  Day 58 9.5:14.87% 19.4821.510  3.1:4.40°  0.5:1.98%  56.83 <0.00
'86
Flock size  Spring Day 18 6.5:24.99%  17.3:25.63°  3.8:2.48%'" 3.0:2.83  15.82 <0.005
(N flocks) '85 (66) (29) (8) (4)
Night 9 10.7£15.36°  42.4:47.18° — 2.0£0.00 8.90  <C.005
(20) (29) — (1)
K(p) -~ Day vs. night 8.02(<0.005)  4.14(<0.05) — -
Summer  Day 16 2.5:28.61% 8.5s52.82° 9.0+0.00 3 32.07  <0.001
185 {1033) (260) (1) (0)
Night 9 12.6:51.49%  7.9:32.50° — — 10,70 <0.00%
(221) (357) (0)
Day vs. aight 78.29(<0.001) 0.03(>0.80) — —_
R a b b a,b
Spring  Day 28 4.4+6,90 12.5224,12 7.7£13.87 7.2+8.30 17.47 <0.001
186 (181) (130) (67) (9)

1See Table 1, footnote
2See Table 3, footnote (Daytime values based on complete surveys of entire river study site)
3Area sampled, but no flocks present



Table 9. Mean * s.d. number of foragers per survey at varying distances from shore.

N Distance (m)

Season Period Surveys 0-9 10-19 20-29 30-39 40-49 r p

Spring'85  Day 18 30.5+31.44 4.7+8.19 1.842.82 3.6+5.58 0.4x1.25 -0.478 <0.001
Night 9 119.2+£95.96 9.6x17.27 6.6x8.25 19.0+¢52.56  0.6%1.67 -0.499 <0.001

Summer'85  Day 16 134.8+265.20 32.4+63.99  13.0£15.59  10.6+19.95 20.9+36.56 -0.275 <0.025
Night 9  184.0+197.43 153.6%232.23 81.7«£141.57 50.3x58.59 37.7+#42.56 -0.359 <0.025

Spring'86  Day 28 65.7460.50 8.4£13.71 12.6%23.39 9.3+17.62 11.4£14.37 -0.402 <0.001

LE
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tion coefficient (rs) was used after dividing water depth
into discrete 50 cm units. During both day and night, most
foragers were located over very shallow (<1 m) water (Fig
5). Abundance of foragers increased significantly with
decreasing water depth, this relationship being slightly

stronger at night.

Similar tests were performed for water speed, separated
into 0.5 m/s units. During both years, water speeds up to 2
m/s were preferred over faster speeds (Fig 6). These values

coincided with the most heavily used intermediate habitat.

Loafers. Significant differences in loafer densities
among river habitats occurred during all periods (Table 10).
Loafer density was always higher in the intermediate than in
any other habitat. Significant day-night differences in
loafer density occurred in the intermediate and downriver
habitats in spring and downriver in summer; there were more
loafers during day than night. Loafing flock sizes differed
significantly among river habitats during daytime in spring
1985 and during both day and night in summer (Table 10).
Loafing flocks were normally most numerous and largest in
the intermediate habitat, and moderately large downriver and
in the rapids. Only within the intermediate habitat during
summer were loafing flocks significantly larger at night
than day (Table 10). These findings demonstrate that dif-
ferences in overall loafer abundance noted above were prima-
rily due to large fluctuations within the intermediate habi-

tat and, to a lesser extent, downriver.
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Figure 5. Relationship between water depth and abundance of
foragers on the river, plotted on a semi-log scale, during

the (A) spring '85, (B) summer '85, and (C) spring '86.
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Figure 6. Relationship between water velocity and abundance

of foragers on the river during the day.
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Table 10.

habitats and between day and night.

Differences in mean # s.d. loafer density (N loafers x survey'lx km~1) and flock size among river
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River habitats'

N
Variable Season surveys Downriver Intermediate Rapids Upriver K o
N loafers x Spring  Day 18  15.9:15.23%  48.8+27.547 2.5£9.30° 0.10.28°  58.15 <0.001
survey "+ x '85 2 a b
-1 Night 9 4.1x4.93 9.6x14.53 —3 0.0£0.00 9.32 <0.01
K(p) Day vs. night 7.32(<0.01)  8.92(<0.005) — 0.50(>0.40)
Summer  Day 16 17.3:31.408  491.1137.99°  0.5:2.08° 0.0:0.00°  54.79 <0.001
85
Night 9 0.3:0.57%  328.6191.30° S 0.0:0.002  18.18 <0.001
Day vs. night 9.82(<0.005) 0.08(>0.70) — 0.00(>0.90)
Spring  Day 28 5.5:6.94°  68.8:36.710 4.3+8.82° 0.0£0.04°  78.39 <0.001
36
Flock size spring  Day 18 16.2:27.10°  31.4+35.51°  27.0:38.68%'° 6.020.00 10.72 <0.025
(N flocks) ‘85 (53) (84) (10) (1
Night 9 12.3:10.86  37.137.75 — — 1.49 >0.20
(9) (7) —_— (0)
K(p) Day vs. night 0.07(>0.70)  0.48(>0.40) — —
Summer  Day 16 31.9¢53.51% 97.8:118.68°  26.0:33.94 — 13.96 <0.001
185 (26) (281) (2 (0)
Night o 3.5:2.12°  216.42216.20° — — 5.22 <0.025
(2) (41) - (0)
Day vs. night 0.97(>0.30)  12.20(<0.001) — —
Spring  Day 28 21.8+19.71  33.6x52.59 28.6£38.05  1.0£0.00 2.83 >0.40
186 (21) (172) (25) (1)

1See Table 1, footnote

2 .
See Table 3, footnote (Daytime values based on complete surveys of entire river study site)

3Area sampled, but no flocks present
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The largest portion of total loafer population was
present on sandbars, but relative. use of different loafing
substrates along the river varied with season and time of
day (Table 11). Loafers prefered sandbars at night and dur-
ing daylight hours in spring and summer 1985, but shore and
islands maintained higher numbers of loafers in spring 1986.
Seasonal changes in substrate use appeared to coincide with
changing water levels. The number and surface area of sand-
bars and rocks were greater in 1985 than in 1986; in 1986,
water levels approximately 0.9 m above normal covered most
sandbars and sections of both islands. The presence of
larger numbers of loafers (in 1985) on sandbars, which cov-
ered a negligible area in comparison to shore availability,
illustrates the strong preference shown by pelicans for

sandbars.

Relationship between forager and loafer distribution. It

might be expected that loafers should position themselves to
maximize their view of the most profitable foraging areas.
To assess this possibility, tests of association between
number of foragers and loafers during the day were performed
by correlating numbers present in succesive 500, 1000 and
2000 m 1long sections of river (Table 12). Consistently
strong and positive correlations were found during all sea-
sons in both years when examined areas covered 1 or 2 km,
but not for sections 500 m long. Loafing flocks thus

appeared to position themselves 500 to 2000 m from foragers,



Table 11. Mean * s.d. number of loafers per survey on each type of substrate during

the day and night.
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Substsrate1

N
surveys Shore Sandbars Islands Rocks K

spring Day 18 83.0:66.04% 142.7:82.53°  14.4425.65° 4.15.57C 45.28
‘85
Night? 9 2.9x4.11% 26.7¢31.88°  11.7¢35.00%  0.020.00% 14.28

Summer  Day 18 301.6:240.22% 1091.1385.740  91.0£168.74° 41.7+41.57% 41.00
'g5
b

Night 9  50.8:83.31%  929.4:542.49 0.6¢1.67%  5.9%16.57% 19.84

Spring Day 18 127.8#105.85° 20.4¢22.38°  95.7:88.25%  4.1:3.99° 57.47
'86

<0.001

<0.005

<0.001
<0.001

<(.001

1See Table 1, footnote
2Area sampled at night extended from 0-4 km and 12-17 km from river mouth
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Table 12. Relationship between number of foragers and loafers

in river sections of various sizes during daylight hours.

Section
Season length(m) ni r P
Spring '85 500 148 0.015 >0.80
1000 107 0.354 <0.001
2000 78 0.778 <0.001
Summer '85 500 150 0.144 >0.05
1000 112 0.412 <0.001
2000 82 0.675 <0.001
Spring '86 500 270 0.008 >0.80
1000 204 0.268 <0.001
2000 140 0.315 <0.001

INumber of river sections containing foragers or loafers
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with increasing numbers of loafers present in areas of maxi-
mal foraging. The average distance that foraging pelicans
were visible (in any given direction) to my unaided eye was
875 m. Evidently, loafing pelicans were usually within vis-

ual range of foraging flocks.
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DISCUSSION

Activity patterns

American White Pelicans were thought to be a diurnal
species. During my study at Dauphin River, most pelicans
foraged at night and loafed during the day. 1In spring, for-
ager abundance and flock size were highest within three
hours of evening and morning twilight. These time-related
changes closely reflect the findinés of O'Malley and Evans
(1984), whose one night of observation at Grand Rapids, Man-
itoba, 1in spring suggested pelican foraging activity was
highest between midnight and 0300 hrs. Over 80% of the pel-
icans observed returned to the colony before 1030 and the

daytime population at Grand Rapids was lowest at midday.

Timing of white pelican foraging activity at Dauphin Riv-
er appears to reflect temporal changes in abundance of
accessible prey species. Pelicans formed large numbers of
widely dispersed flocks during the daytime. Numerous small
schools of perch, minnows and darters predominate in shallow
water at this time (Carlander and Cleary 1949, Emery 1973,
Hall and Werner 1977). At night, a few very large pelican
flocks were concentrated between 3 and 4 km from the river
mouth. Large fish such as walleye, suckers and whitefish
move into shallow water at dusk and apparently comprise the
largest fish biomass at night. In summer, I noted large
pelican flocks forming whenever whitefish made spawning runs

up Dauphin River.
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Abundance, accessibility and timing of activity in prey
species are known to be important factors influencing forag-
ing pattefns in several species. According to current for-
aging theory (Stephens and Krebs 1986), animals are expected
to forage at places and times that enhance the rate of food
consumption. For example, levels of foraging activity in

Brown Pelicans (P. occidentalis) varied markedly between

localized food patches in accordance with fish density
(Brandt 1984). Direct linear relationships have also been

found between density of Redshanks (Tringa totanus) and

crustaceans and worms on which they feed (Goss-Custard
1979). Timing of diurnal feeding in several species of wood
warblers (Parulidae) are also influenced by insect avail-

ability (Hutto 1981).

Seasonal changes in energetic demands may also influence
the selection of foraging time by pelicans. Alcock (1975)
suggested that high food demands force many birds to feed
throughout the day and night. The highest annual energy

demands imposed on P. erythrorhynchos are during the breed-

ing season; Hall (1925) estimated that 68 kg of fish are
needed for young to reach the fledging stage and that adults
require 1.8 kg per day. Anderson (1987) estimated adult
food demand of this species at 1.1 kg per day. Increased
energetic demands imposed by vernal migration and breeding
may act as a selective force, similar to food scarcity, that

partially explains why pelicans foraged throughout the night
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and most of the day during the breeding season. Segregating
foraging between day and night has also been suggested to
reduce competitive interference among sympatric, predatory
birds having similar diets (Cody 1974, Partridge 1978). It
could also reduce intraspecific competition among pelicans,
thereby allowing large numbers to feed on a prey population
that is numerically and spatially 1limited. In addition to
providing access to prey, nocturnal foraging may also ben-
efit American White Pelicans by allowing them to travel
between feeding grounds and breeding colony during the heat
of the day. Large travelling flocks and easily located
thermals reduce energetic costs of flight at this time

(0'Malley and Evans 1982a).

Other factors may also moderate the selection of foraging
times by pélicans. For example, number of foragers was
inversely related to temperature and wind speed 1in summer
and to temperature in spring 1986. These may be proximate
factors affecting pelicans directly or, more likely, influ-
encing the timing of activity and/or abundance of their pri-
mary prey species. In contrast to this study, Croll et al.
(1986) found no relationship between wind speed and number
of foraging Brown Pelicans. Dunn (1973) discovered that
increasing wind speed and wave action were positively corre-

lated with number of foraging Sandwich Terns (Sterna sandvi-

censis) and Common Terns (S. hirundo)
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A five-fold increase in total number of pelicans occurred

at Dauphin River between spring and summer. The large daily
fluctuation in tctal numbers observed in spring was absent
in summer. These results suggest that summer birds were
post-breeders that congregated at Dauphin River prior to
migration. The summer study period, 23 August to 5 Septem—
ber, occurred about the time of pelican migration. At East
Shoal Lake, Manitoba, fledglings began to leave breeding
colonies during the 1last two weeks of August (0O'Malley and
Evans 1982a). Fall migration from Saskatchewan extends from
27 August to October (Anweiler 1970). Movement away from
breeding colonies to favoured feeding locations prior to
migration has been suggested for both American White (Palmer

1976) and Brown Pelicans (Briggs et al. 1981).

Forager and loafer distribution within the study area

More pelicans were present on Dauphin River than the Lake
Winnipeg study site, especially in early May. Pelican abun-
dance subsequently decreased on the river while increasing
on the lake, suggesting a seasonal shift away from the riv-
er, possibly to Lake Winnipeg and/or surrounding lakes.
During a visit in mid summer (16 July 1985), a diurnal maxi-
mum of only 60 pelicans was seen loafing along the Dauphin
River study site. Other studies also suggest P. erythro-
rhynchos may shift foraging sites by mid summer (Hall 1925,

Trottier et al. 1980, Knopf and Kennedy 1981). The absence
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of spawning runs and a tendency of fish to move into deeper,
cooler waters of lakes in summer (Hall and Werner 1977, Rud-
stam and Magnuson 1985) may have induced pelicans to forage

elsewhere.

Diurnal foragers and loafers were observed in all lake
“and river habitats, but were concentrated from 0 to 6 km
upstream from the river mouth. At night, pelicans were nev-
er seen near the shore of Lake Winnipeg, but were concen-
trated near the base of rapids on Dauphin River. In the
downriver habitat, 77% of all nocturnal foragers were locat-
ed 2.5 to 3 km from the river mouth. Most of these pelicans
were from the intermediate habitat and had ceased to forage
prior to floating downstream. Periodic examination of rap-
ids revealed the presence of loafers, but no nocturnal for-
agers, between 5 and 12 km from the river mouth at night.
These results suggest that foragers were more widely dis-

persed during the day than at night.

Water depth and water speed appeared to be the most
important proximate factors influencing forager distribu-
tion. Pelicans in all river segments preferentially foraged
close to shore and in water less than 1 m in depth. Quali-
tative evidence from other studies has also suggested that
white pelicans prefer shallow water (Knopf and Kennedy 1980,
Lingle and Sloan 1980, O'Malley and Evans 1984). Their
preference for shallow water corresponds with a maximum for-

aging depth capability of 1 to 1.25 m for pelicans (Hall
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1925, Palmer 1976, Anderson 1987). Guillet and Crowe (1981)
similarly found an inverse relationship between water depth
and mean monthly abundance of Great White Pelicans in South
Africa. At Dauphin River, foragers were also most abundant
where water speed was high, at one to two meters per second.
This was the area, at the base of the rapids, where reefs
appeared and mean water depth suddenly rose from 1.1 to 1.9

m.

Predation risk, inter- and intra-specific competition and
microclimate are other factors believed to modify habitat
selection in many small avian species (Grubb 1977, Partridge
1978, Barnard 1980a, Emlen 1981, Grubb and Greenwald 1982).
For Great White Pelicans, surface area of water bodies and
length of shoreline were both important factors correlated
with feeding site selection (Guillet and Furness 1985).

Numbers of P. onocrotalus at Rondevlei Sanctuary increased

with water turbidity, temperature and day length (Guillet
and Crowe 1983). These proximate factors apparently influ-
enced pelican distribution by affecting accessibility and/or
abundance of catchable prey. There was no evidence in the
present study to suggest any of these factors directly

influence foraging site selection.

Selection of loafing sites by pelicans at Dauphin River
was strongly correlated with forager location. Most loafers
were located within the intermediate microhabitat, where

foraging activity was highest. The evidence suggests that
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loafers positioned themselves so as to maximize their view
of the most profitable foraging areas. Similar positioning
of loafers has been found for gulls that cue to other forag-
ers to locate highly ephemeral but temporarily rich clumped
prey (Evans 1982, Chilton 1985). American White Pelicans
normally loaf in or beside water, on beaches, sandbars and
driftwood (Palmer 1976, O'Malley and Evans 1984). Although
the amount of suitable shoreline at Dauphin River was virtu-
ally unlimited, sandbars were preferred whenever available.
Preference for sandbars may benefit pelicans through reduc-
ing risks of predation or disturbance from terrestrial pred-
ators. Being located near both midstream and bends in the
river, sandbars apparently allowed an unobstructed view of

foraging grounds in all directions.



CHAPTER 2. DEVELOPMENT AND BREAKUP OF DIURNAL AND NOCTURNAL

FORAGING FLOCKS IN AMERICAN WHITE PELICANS

INTRODUCTION

Factors governing formation and breakup of groups varies
widely between species. Increased reproductive potential,
reduced predation risks and improved success at locating
and/or capturing prey are some primary benefits associated
with group living (Bfown 1975, Bertram 1978, Grier 1984).
Studies by Crook (1965) and Barnard (1980a, b) suggest that
the density and distribution of food are major contributors
to the formation of many avian social organizations. When

food 1is scarce and ephemeral, rooks (Corvus frugilequs)

increase their ability to find food by using the presence or
absence of conspecifics as an indicator of food location
(Waite 1981). Animals which have their attention directed
to a particular part of the environment by the activities of
others are said to be using local enhancement (Thorpe 1956).
The preference of arriving pelicans, at Grand Rapids, to
join large foraging flocks was considered to be indicative
of local enhancement (0'Malley and Evans 1984). Local
enhancement may be instrumental in the formation of many

avian flocks and may be facilitated by certain colors; stud-

- 47 -
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ies by Kushlan (1977) and Caldwell (1981) suggest that
flocks are most likely to form around species having conspi-

cous, white plumages.

The objective of this study was to determine if group
size, foraging success or time of day had any influence on
whether a flock would be joined by (recruit) other pelicans.
It was predicted that pelicans should attempt to maximize
their foraging success by selectively joining flocks that
were capturing fish. From previous studies relating conspi-
cousness to flock recruitment (cited above), it was also
predicted that flock recruitment would correlate positively
with group size, and that this relationship would be reduced
in strength during the night, when lowered light levels

would presumably reduce the visual acuity of pelicans.
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MATERIALS AND METHODS

Study area

Dauphin River is a clear, fast moving river, draining
into Lake Winnipeg, in south-central Manitoba, Canada (see
Chapter 1, Figs 1-3). During the time of this study (May
1986), water ranged from 2.0 to 5.0 m in depth at midstream
and increased from 0.1 to 1.0 m/s in speed within the first
3 km upstream from the river mouth. Reefs, where water
became 0.8 to 1.5 m deep and speed increased to greater than
1.0 m/s, occurred at 3 km from the mouth. Data were col-
lected from flocks 1located within 3 km upstream (downriver
habitat) and between 3 and 4 km from the river mouth (inter-
mediate habitat). Most foraging activity on the river

occurred within this area (Chapter 1).

Flock development and breakup

Continuous focal group samples were obtained from diurnal
and nocturnal foraging flocks between 11-28 May, 1986. Dur-
ing daylight (0450-2205 hrs, CDT) observations, samples were
obtained from a position on top of an elevated river bank
using 10x50 Bushnell binoculars or a 16-36x50 Bushnell spot-
ting scope. At night, flocks were observed with a Javelin
(model #325) infrared scope in conjunction with a 75-205 mm
Vivitar lens, from a blind placed 3 km from the river mouth;
this was consistently the area of greatest foraging activi-

ty. The size and behaviour of nocturnal flocks were only
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recorded when foragers were within 300 m, the maximum visual

range of the infrared scope.

Pelicans are aquatic surface feeders that capture prey by
striking, or dipping, their bill into the water and captur-.
ing fish in the distendable gular pouch (Low et al. 1950,
Palmer 1976). The bill is then elevated above the water
surface and, if prey has been captured, the head and bill
are raised in a swallowing motion. The number of bill dips
and prey captured by all pelicans within foraging flocks
were recorded. The number of bill dips and prey captured
were then converted to dip rates (N bill dips x bird-' x
min~') and capture rates (N prey captured x bird ! x min-1)
for analysis. Flock size was assessed at the start and
throughout each observation period. Flock density was
assessed approximately every 15 sec and was based on the
mean distance separating neighbouring foragers (see Chapter
1, Methods). Observations 1lasted 5 min unless the flock
left the area prior to this. The length of time that each
flock foraged in one localized area of the river (foray) was
noted whenever a flock left the area within the five minute
sample period. Data were recorded into a Sony cassette deck
and later transcribed onto a 20 channel Esterline Angus

event recorder.



51
RESULTS

Flock development

A repetitive pattern of foraging flock formation occurred
throughout the night and during periods of the day when many
fish were being captured. At these times, large flocks
formed within the intermediate river habitat. Pelicans fed
while floating 100 to 2000 m downstream, then disbanded and
flew to nearby loafing sites or back upstream where they
reformed into a foraging flock consisting mostly of the same
individuals. Flock formation was observably different
between dawn and 1100 hrs, when only a few widely dispersed
foragers were present (see Chapter 1). During this period,
one or more individuals would occasionally swim towards
another pelican and form a loosely organized, highly transi-
tory flock. Pelicans wused flight to join flocks which

formed farther than 3 km from the river mouth.

Flock size and recruitment. Foraging flocks containing

less than 10 individuals were more likely to attract at
least one pelican than were larger flocks (Fig 7, Table 13).
The tendency for 1larger flocks to recruit pelicans less
often was evident for flocks having 10 or more pelicans dur-
ing the day and more than 5 pelicans at night (Fig 7). At
night, a two-fold increase in the percentage of flocks
recruiting at least one pelican was observed between single
foragers and flocks containing two to five pelicans. For

each group size, more foraging flocks recruited pelicans at



52

Figure 7. Percentage of foraging flocks, of varying sizes,

recruiting at least one pelican.
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Percentage of small ( <10 pelicans) and large flocks joined

least one pelican (N flocks in parenthesis).

Flock size1

Period 1-9 >10 X2 D
Day 25.0(132) 8.4(166) 13.97 <0.001
Night 51.4(35) 12.9(171) 25.20 <0.001
X?3p 7.91;<0.005 1.30;>0.20

1

Percentages given for ease of comparison.

frequency of recruitment in (N) flocks.

Statistics based onlactual
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night than during the day (Fig 7). Small flocks were thus
more likely to increase 1in flock size. This difference
reached statisticai significance only for small flocks

(Table 13).

Although a smaller proportion of large (=10) flocks
recruited pelicans, the total number attracted to flocks
tended to increase with flock size during both day and night
(Fig 8). Diurnal foraging flocks had a mean * s.d. size of
9.9210.44 (N=48) and recruited an average of 15.3%26.35 pel-
icans per flock. Nocturnal foraging flocks had a mean size
of 17.0%17.42 (N=39) and recruited an average of 28.2+30.35
pelicans per flock. Significantly more pelicans were
recruited by foraging flocks at night than during the day
(R=4.75, p<0.05), However, this effect may be due to the
presence of significantly larger flocks at night (K=5.06,
p<0.025). No day-night difference in recruitment was dis-
cernable after controlling for the size of foraging flocks

prior to attracting pelicans (X2=0.03, df=1, p>0.80).

Feeding success and recruitment. It was predicted that

an increase in a flock's feeding success (N prey captured x
min~') should stimulate recruitment and hence the formation
of larger flocks. To test this, a flock's feeding success
was categorized into three groups according to the following
criteria: 1)No feeding attempts were made (NF), 2)Bill
dipping occurred but no prey were captured (BD), or 3)One

or more prey were captured by any flock member (PC). In



Figure 8. Relationship between flock size and recruitment

during the (A) day and (B) night, with associated
Spearman's correlation coefficient (rg). Diurnal
foraging flocks had a mean % s.d. size of 9.9%10.44
(N=48) and recruited 15.3%#26.35 pelicans. Nocturnal
foraging flocks had a mean size of 17.0%17.42 (N=39)

and recruited 28.2%30.35 pelicans.
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accordance with these categories, a flock's foraging success
'did not influence its probability of attracting at least one
flock member (Table 14). There were also no differences in
recruitment rates between day and night. Although foraging
success had no effect on the probability of recruiting at
least one flock member, more foragers were recruited when
bill dipping and prey capture occurred. This effect was
significant during the day (Table 15), when flocks that cap-
tured prey recruited significantly more pelicans than any

other type of flock.

The influence that flock size had on frequency of
recruitment varied with foraging success (Table 16). During
the day, the probability of attracting at least 1 recruit
was higher for small flocks, but this difference reached
statistical significance only for flocks that were capturing
prey. This preference for small, successful flocks provided
the largest contribution explaining the disparity 1in
recruitment among flock size shown in Table 13. At night,
the size of flocks for those not attempting to feed did not
appear to influence the frequency of recruiting at least one
pelican (Table 16). However, smaller flocks were signifi-
cantly more likely to attract at least one pelican if flock
members were dipping their bills or capturing prey. Flocks
not attempting to feed, especially large ones, were avoided

by potential recruits during the day, but not at night.
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Table 14. Percentage of flocks, having different foraging success,

recruiting at least one pelican (N flocks in parenthesis).

Foraging success1

Period NF BD PC X? P
Day 18.5(54) 22.7(54) 17.1(187) 2.66 »0.20
Night 29.4(17) 20.6(102) 16.1(87) 1.79 >0.30
X?3;p 3.17;>0.05  0.27;>0.60  0.15;>0.60

1NF:no bill dips; BD=bill dipping, but no prey captured; PC=bill dipping

and prey capture. See Table 13, footnote, for description of values.
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Table 15. Mean number of pelicans attracted per flock in relation to

levels of foraging success {N flocks in parenthesis).

Foraging Success1

Period NF BD PC K D
Day 3.3:4.87(9)%  8.1£8.05(12)% 22.4+33.07(27)° 8.54  <0.025
Night — 12.8+13.23(4) 23.8+24.81(24) 43.3+40.49(11) 4.97  <0.05

Ks p 1.523>0.20 3.05;>0.05 3.61;50.05

1

Values in same row having different superscripts are significantly

different at p=0.01 (Mann-Whitney U test). See Table 14, footnote,

for description of categories
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Table 16. Percentage of small (<10 pelicans) and large flocks having

different foraging success that were joined by at least one pelican

(N flocks in parenthesis).

Foraging success

Flock
Period size NF BD PC X? P
Day  1-9  10.6(47)3  23.3(30)P 36.4(55)°  9.00  <0.025
>10 0.0(10) 8.3(24) 9.1(132)  1.00  >0.50
X% p 0.22;50.60  1.88;>0.10  18.48;<0.001
Night 1-9  27.3(11)%  81.8(11)P 46.2(13)%° 6.78  <0.05
510 33.3(6) 13.é(91) 10.8(74)  2.53  >0.20
X% p 2 24.23;<0.001  7.78;<0.025

1Values in same row having different superscripts are significantly

different at p=0.05(2 x 2 X* tests).

See Table 14, footnote.

2Insufficient sample size for 2 x 2 X? test.
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Sign tests were used to determine whether or not prey
capture (PC) influenced the size of flocks that subsequently
formed in the same area. Focal PC flocks that were preceded
by at least a 30 min period in which no other flock had cap-
tured prey were identified. The initial size of flocks that
foraged within 5 min before and 5 min after these PC flocks
were then compared. The mean * s.d. size of foraging flocks
was significantly higher after than before prey capture dur-
ing the day (30.0%37.67 vs. 8.7+10.40 pelicans, N=17;
X?=9.00, p<0.005), but not at night (39.1%33.23 vs.
26.1%+18.34 pelicans, N=20; X2=1.80, p>0.20).

Flock breakup

The breakup and subsequent dispersal of flocks was
observed for 43.0% (N=272) and 68.3% (N=183) of forays dur-
ing day and night, respectively. Flocks often dispersed
immediately aftervthe cessation of bill dipping by all flock
members. Foraging flocks 1lasted an average of only
157.0%92.53 secs (N=272) during the day and 129.9+58.55 secs
(N=183) at night. Prior to dispersal, some pelicans usually
began to swim away from the foraging flock, resulting in an
increase in the average distance separating foragers ie.
flock density decreased. Most flocks decreased in density
prior to breakup during both day (66.2% of flocks, N=145;
X2=15,23, p<0.001) and night (60.0%, N=130; X2=5,20,
p<0.025).
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Flocks lasted slightly but not significantly longer dur-
ing the day than at night (Table 17). During the day,
flocks that captured prey (PC) lasted significantly longer
than flocks which were unsuccessful during bill dipping
(BD). Neither group lasted significantly longer than those
that made no attempt to feed (NF)(Table 17). At night, PC
flocks lasted 1longer than either BD or NF flocks, and BD

flocks lasted significantly longer than NF.

Foragers occasionally left flocks while other flock mem-
bers were still foraging. This occurred during 20.8%
(N=250) and 12.0% (N=183) of forays observed during day and
night, respectively. Sign tests were used to determine
whether the departure of one or more flock members coincided
with periods, within forays, in which the rates of bill dip-
ping and prey capture had dropped off. During both day and
night, bill dipping was significantly lower within 30 secs
of departure than for the preceding period (Table 18). Cap-
ture rates 30 sec before departure were significantly lower
than for preceding periods during the day, but not at night.
Rates of bill dipping and prey capture were therefore

declining well before departure.
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Table 17. Percentage of flocks, having different foraging success,

that lasted longer than 2 min (N flocks in parenthesis).

Foraging success1

Period NF BD PC % b
Day 62.7(51)8°°  54.8(31)° 74.7(186)%  6.67 <0.05
Night  16.7(6)° 37.8(90)" 69.0(84)° 20.06  <0.001

X?3p 2.98;>0.05 2.103>0.10 0.683>0.40

1 1

See Table 16, footnote
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Table 18. Changes in rates of bill dipping and prey capture before one

or more foragers left a flock (N flocks in parenthesis).

>30 sec 30-0 sec
Before Before % 2
Variablel Period Departure Departure Decreased X? )
Dip Day 8.3%6.33(47) 5.0%#4.78(56) 87.1(31) 17.06 <0.001
Rates
Night 12.7+7.34(23) 8.7+6.44(23) 84.2(19) 8.89 <0.01
Capture

Rates Day 0.5%0.80(47) 0.4%1.50(56) 96.2(26) 22.15 <0.001

Night 0.1#0.09(23) 0.0%0.08(23) 63.6(11) 0.41 >0.50

Dip rates = N bi%l dips x bird-1 x min'l; Capture rates = N prey
captured x bird™ x min~

1

2See Table 13, footnote; Percentage of (N) forays in which values were
smaller within 30 sec of departure than at any time before departure
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DISCUSSION

Flock development

Avian species that feed on inconspicuous prey that are
clumped and/or unpredictable in distribution are commonly
attracted to birds of the same or similar species and appar-—
ently use the presence of others as indicators of food loca-
tion (KRushlan 1977, cCaldwell 1981). Mixed species seabird
flocks are frequently formed when a "catalyst"” species, usu-
ally a large and conspicuous bird such as Black-legged Kit-

tiwakes (Rissa tridactyla) or Glaucous-winged Gulls (Larus

glaucescens), locate food and provide visual cues that

attract others to the site of prey capture (Sealy 1973,
Hoffman et al. 1981, Grover and Olla 1983). Birds that
watch for and join others that capture prey benefit through
having reduced search times and increased capture rates
(Krebs et al. 1972, Krebs 1974, Brown 1988). To maximize
foraging success on ephemeral and temporarily clumped prey,
piscivorous birds such as terns immediately approach conspe-
cifics that capture prey (Gochfeld and Burger 13982, Safina

and Burger 1985),.

Diurnally active American White Pelicans at Dauphin River
showed a strong preference for joining foraging flocks that
were capturing fish and avoiding ones containing pelicans
that were not dipping their bills. Qualitatively, success-
ful foragers were normally joined by one or more conspecif-

ics within approximately 30 sec of prey being captured.
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None of these recruits (N=9 observations) captured prey 30
to 120 sec prior to joining a successful flock. Since fish
are ephemeral and disperse quickly upon detection by preda-
tors, pelicans should benefit from an immediate approach to

the site of ongoing prey capture.

At night, pelicans did not selectively join flocks that
were capturing prey over those not attempting to feed. This
may suggest that reduced visual acuity of pelicans at night
does not allow proper assessment of whether or not a flock
was capturing prey. Flocks that were small and actively
bill dipping for prey, but without prey capture, had the

highest recruitment frequencies at this time.

In his study on House Sparrows (Passer domesticus), Bar-

nard (1980b) suggested that larger flocks form where prey
densities are highest because foragers remain longer at
these sites. Since foraging flocks capturing prey lasted
longer than those dipping unsuccessfully (Table 17), a prob-
abilistic model predicts that if they are selected at random
they shbuld have the higher frequency of recruitment, which
they did (Table 15). However, successful flocks were no
more likely than unsuccessful flocks to recruit pelicans
(Table 14), which suggests that selection of foraging flocks
was based on properties other than their duration. Selec-
tion by duration also can not explain the greater recruit-
ment to PC than to NF diurnal flocks, since their durations

did not differ.
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Studies on Rooks (Corvus frugilegus) and Glaucous-winged

Gulls suggest that larger flocks had higher probabilities of
attracting conspecifics (Waite 1981, Porter and Sealy 1982).
O'Malley and Evans (1984) provided evidence suggesting that
American White Pelicans arriving at Grand Rapids joined for-
aging and loafing flocks that were larger than if selected
at random. At Dauphin River, the total number of pelicans
recruited also increased with foraging flock size. Greater
recruitment to large flocks should be an adaptive foraging
tactic if such flocks form where prey densities and capture
rates are highest (Waite 1981). At Dauphin River, the high
probability of small flocks that captured prey recruiting at
least one conspecific suggests that pelicans are sufficient-
ly opportunistic to take advantage of social foraging cues

other than flock size (eg. foraging success).

Flock Breakup

The Marginal Value Theorem (Charnov 1976) predicts that
an optimal forager will leave a patch of food when its
expected net gain drops to a level equivalent to the gain
expected from the habitat as a whole. Capture rates
attained by a pelican, and surrounding flock members, should
provide a general estimate of patch guality and could be
used in the decision whether to stay or leave. In support
of this interpretation, declining rates of bill dipping and

prey capture were closely related to the departure of peli-
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cans from foraging flocks during the day. . At night, depar-
ture of foragers from flocks correlated with declining rates
of dipping, but did not corrélate with capture rates (Table
18). In agreement with flock recruitment (see above), these
results suggest that pelicans foraging at night are better
able to monitor bill dipping than capture rates of nearby
flock members, perhaps due to the louder noise of dipping
compared to swallowing. Bill dipping provides unambiguous
evidence that flock members are at least actively foraging,
and to that extent should provide useful information to a
forager in determining whether to remain with or leave a

nocturnal flock.

Improper assessment of patch quality may also occur, and
could partly explain observed departures of pelicans from
many flocks that had stable or increasing rates of prey cap-
ture. Alternatively, pelicans that departed at such times
may have been individuals that were satiated or had little
or no success and left regardless of prey capture rates in

neighbouring birds.



CHAPTER 3. FORAGING STRATEGIES OF AMERICAN WHITE PELICANS

INTRODUCTION

American White Pelicans (Pelecanus erythrorhynchos) nor-

mally feed by floating on a water surface and dipping, or
striking, their bill into the water. Observed in both
monospecific and mixed-species flocks, these pelicans are
also kleptoparasites (food thieves) and scavengers of food
(Skinner 1917, Koonz 1981, O'Malley and Evans 1983, Anderson
1987). They feed primarily on fish, from minnows to Carp

(Cyprinus carpio) and Cui-ui suckers (Chastmistes cujus)

exceeding 2 kg in weight and 500 mm in length (Hall 1925,
Cottam and Williams 1939, Bond 1940, Alcorn 1943, Lingle and
Sloan 1980). They have also been shown to take frogs and
salamanders on occasion (Lingle and Sloan 1980, Godfrey

1986) .

Many researchers have described "cooperative" feeding
flocks in which American White Pelicans form a half-circle
formation and drive fish into shore, or surround a school of
fish on the open water of a lake and form an ever-contract-
ing circle that traps fish (Goss 1888, Hall 1925, Cottam et

al. 1942, Anderson 1987). American White Pelicans have also

- 68 -
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been observed making aerial dives into water from a height
of 5 m (Hall 1925). Skinner (in Hall 1925) reported seeing
a pelican that floated on a water surface, then dove in and
was completely submerged in water. Pelicans have also been
observed wading into shallow water in search of prey (God-

frey 1986).

Flock size, activity patterns and forager location are
three factors which may influence the amount of search
effort and prey captured by pelicans. Anderson (1987) dem-
onstrated that increasing flock size was associated with
increasing rates of bill dipping and decreasing efficiency
of prey capture by American White Pelicans. In contrast,
capture efficiency in the Great White Pelican (P. onocrota-
lus) increased with flock size (Wirtz 1986). To maximize
prey intake rates, American White Pelicans should also for-
age whenever prey are abundant and accessible. Foraging
activity for these pelicans is highest around morning and
evening twilight, and possibly during portions of the night
(0O'Malley and Evans 1984). These authors suggested that the
periodicity in foraging activity of pelicans at Grand Rap-
ids, Manitoba, coincided with the activity cycles of fish in
the area. Pelicans also show a strong preference to forage
in shallow water during the breeding season (Knopf and Ken-
nedy 1980, Lingle and Sloan 1980); this preference is appar-
ently due both to higher abundances of prey near the shore-
line of lakes and to pelicans being restricted to capturing

prey located less than 1 m from the top of the water column.
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The purpose of this study was to provide a detailed exam-
ination of the various ways American White Pelicans obtain
food (foraging strategies) at a riverine site during day and
night. Surveys and focal animal samples were used to
describe and to quantify ‘the differences between strategies
and factors influencing their selection. This information
was used to determine whether or not pelicans enhanced for-
aging success by most often using those strategies having
the highest rates of prey capture. Rate and duration of
bill dips were used to test the prediction that search
effort increases after prey capture. Search paths were
examined to test the prediction that foragers would stay
longer in areas of recent prey capture, a phenomenon known
as area restricted search (Tinbergen et al. 1967). An exam-
ination of the influence of flock size on dip rates, inde-
pendent of capture rates, was used to test for the existence
of social facilitation, i.e. contagious behaviour where the
action of one animal releases identical behaviour in another
(Thorpe 1956, Turner 1965). If social facilitation was
operative, then an action such as bill dipping should
increase with flock size. The following factors were also
examined to see whether or not they influenced search effort
and/or prey capture: time of day, number and location of
foragers, flock density, 1location within flocks and fish

accessibility.
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MATERIALS AND METHODS

Focal animal samples

Diurnal and nocturnal foraging of American White Pelicans
were studied at Dauphin River, Manitoba, Canada between 0
and 4 km from the river mouth. (see Chapter 1, Figs 1&2).
This area was divided into Downriver (0 to 2.9 km from river

mouth) and Intermediate (3 to 4 km from river mouth) river

sections. The behaviour of individuals selected from vari-
ous sized flocks (focal bird samples) were recorded during
the periods of 31 May to 10 June and 23 August to 5 Septem-
ber in 1985. Focal group samples were based on the behav-
iour of the majority of pelicans in a flock and were col-
lected from 11 to 28 May in 1986. Observations were
conducted during: A)Diurnal hours - from 0429-2232 hrs
(CDT) in spring 1985, 0606-2102 hrs in summer 1985, and
0451-2206 hrs in spring 1986, and B)Nocturnal hours - the

period mutually exclusive of daylight hours.

Depending on the amount of illumination and distance of a
flock from the observer, 10x50 Bushnell binoculars, a
16-36x50 Bushnell spotting scope or a Javelin (model #325)
infrared scope were used in data collection. Continuous
verbal accounts of relevant data were recorded into a Sony
cassette deck throughout each observation. Information from
focal bird and group samples was transcribed from tape onto

a 20 channel Esterline Angus event recorder.
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Individual pelicans were selected by randomly directing
the spotting scope towards a previously unsamp