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SPATIAL AND TEMPORAL ASPECTS OF COLONIAL

NESTING OF WHITE PELICANS

FRITZ L. KNOPF

Since Darling’s (1938) early observations of
gulls, many studies have focused on spatial
and temporal patterns of reproduction in
seabird colonies. Reproductive success of
birds differs among colonies at different
sites (Hunt 1972, Harris 1973), among hab-
itats within a colony (Brown 1967, Nettle-
ship 1972), between nests positioned cen-
trally or peripherally in a colony (Patterson
1965, Coulson 1966, Tenaza 1971, Dexhei-
mer and Southern 1974), with the relative
timing of breeding (Patterson 1965, Ver-
meer 1970, Parsons 1975, Hunt and Hunt
1976), and between successive seasons
(Fordham 1970).

At traditional nesting sites, nests of White
Pelicans (Pelecanus erythrorhynchos) are
grouped into many spatially and temporally
separate colonies (Hall 1925, Low et al.
1950, Behle 1958). Since many colonies oc-
cur on a single island, climatic factors influ-
encing reproduction affect all birds similar-
ly. At Gunnison Island, Utah, food is
equally available to pelicans from different
colonies (see discussion by Orians 1961) at
the limited foraging areas along the eastern
shore of Great Salt Lake (Behle 1958). Pat-
terns of reproductive success in pelicans at
Gunnison Island, show basic aspects of the
colony-nesting habit better than at many
other places. In 1973 and 1974 I studied co-
lonial nesting of White Pelicans at Gunni-
son Island. I report here the spatial and tem-
poral distribution of their nesting efforts,
how the distribution was established, and
variations in reproductive success.

STUDY AREA AND METHODS

Gunnison Island lies in the northwest arm of Great Salt
Lake about 12 km from the western shoreline (Knopf
1974). The island, 1.6 km long, reaches a maximum
width of 0.8 km and rises 85 m above lake level. Its 66
ha include a series of large hills with connecting ridges
that separate four low, sandy areas. Vegetation is typ-
ical of the cold desert community (Qosting 1956).
Prominent forms include Bromus tectorum, Atriplex
spp., Sarcobatus vermiculatus, Suaeda intermedia,
Bassia hyssopifolia, Salsola kali, Opuntia fragilis, and
Chrysothamnus spp. As many as 6,600 pelicans nest
on the flatter, lower elevations of the island each sea-
son. Behle (1958) provided details of the study area
and its historical use by White Pelicans.

Male pelicans are larger than females (Palmer 1962),
and I was able to visually distinguish the sexes (as
verified during copulations) by differences in bill
lengths. In addition, pelicans undergo a presupple-

mental molt during incubation (Knopf 1975a). The re-
sulting supplemental plumage of the crown varies
greatly among individuals as does the structure of the
maxillary “horn.” I was able to recognize individuals
by using these features.

I surveyed pelican colonies weekly from 1 April to
31 July in 1973 and 1974, using binoculars, from higher
elevations of the island. (A colony was defined after
Penny [1968] as a geographically continuous group of
breeding birds with contiguous territories.) During
surveys I recorded reproductive stage and total num-
ber of nests for each colony. For each new colony I
noted date of establishment and spatial location rela-
tive to nature of substrate, angle and direction of
ground slope, associated vegetation, and proximity of
other colonies. I measured distance-to-nearest-neigh-
bor (nest rim to nest rim) for individual nests after
chicks fledged.

To aid in the description of how colonies were
formed, I observed individual (n = 25) and paired (n =
42) birds for 30-min periods. I supplemented these ob-
servations with telephoto, time-lapse photography of
localized aggregations of courting birds.

I surveyed contents of pelican nests periodically us-
ing a 20X spotting scope from vantage points over-
looking colonies. I recorded numbers of eggs and
chicks as pelicans stood to stretch, turn the eggs, or
feed a chick. I observed nests in specific colonies daily
to define incidence of egg and chick mortality and in-
ternest synchronization of hatching.

1 photographed each pelican colony weekly at dis-
tances of 30 to 60 m from a hill or cliff above a colony.
With these photographs I prepared weekly histories of
each colony and determined the timing and location of
nest abandonments. I also used photographs to census
numbers of young surviving the nestling period in larg-
er colonies.

Late in the nestling period (21-28 days of age), 1
banded 300 pelican chicks in 1973 and 699 chicks in
1974. Plastic leg bands of different colors were applied
to 64 of those chicks to aid in recognition of individuals
after the nestling period. After all chicks fledged, 1
searched the island for banded chicks that died during
the postnestling, prefledging (4-12 weeks of age) pe-
riod.

RESULTS
NESTING

The first White Pelicans were sighted at
Bear River Migratory Bird Refuge in north-
ern Utah 9-10 March 1973 and 1974. Egg
laying at nearby Gunnison Island com-
menced 30 March-1 April both years. Peli-
cans laid 2,605 and 2,674 clutches on the
island in 1973 and 1974, respectively.

Spatial patterns. White Pelicans nested
in 18 colonies in 1973 and 33 colonies in
1974 (Fig. 1). Colonies were widely dis-
persed on flat areas within 3 m (vertical) of
the water level. Extensive flat terrain did
not occur at higher elevations.

[353]



354 FRITZ L. KNOPF

[+] 250m

500m

FIGURE 1. Spatial distribution of White Pelican col-
onies on Gunnison Island in 1973 and 1974. The nu-
meral associated with each colony represents the week
(beginning 1 April) during which the colony was es-
tablished.

Pelican colonies occurred on substrates of
loose soil (n = 35), sod (7), sand (6), or fine
gravel (3). Thirteen (25.5%) colonies were
also among driftwood (railroad ties, tele-
phone and telegraph poles). In all, 28 col-
onies (54.9%) were located near physical
masses (woody vegetation, driftwood, large
rocks). The shape of a colony often reflected
the presence of these features. For example,
colonies in driftwood lines were usually lin-
ear: 2-3 nests wide and up to 60 nests long.

Pelican colonies occurred in open areas
of annual grasses and forbs (n = 35), shrubs
(9), or on nonvegetated sites (7). Nest
mounds were best developed in sod areas.
Colonies only occurred in sand and gravel
substrates where stands of woody vegeta-
tion (primarily Sarcobatus and Chryso-
thamnus) reached heights exceeding 1 m.
Pelicans avoided areas containing large
mats of cactus (Opuntia fragilis).

The 51 colonies ranged in size from 2 to
633 nests (Fig. 2). Mean colony size was
144.7 = SD of 146.40 nests in 1973 and
81.0 £ 103.01 nests in 1974. Although 30
colonies (57.7%) contained 50 or fewer
nests, 60.4% of all nests were in the 11 col-
onies exceeding 175 nests. The many small
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FIGURE 2. Number of White Pelican colonies (left
scale) according to number of nests in a colony, and
percentage of all nests occurring in those colony sizes
(right scale).

colonies resulted in 1,114 nests (42.7%)
being located on the edge (not surrounded
by contiguous territories) of a colony in
1973. In 1974, 1,278 nests (47.8%) were on
the edge of a colony.

Within colonies, the distance between
nearest-neighbor nests ranged from 0.25-
1.63 m at the termination of the nestling pe-
riod. The mean internest distance for 153
pairs of adjacent nests was 0.59 = 0.16 m.

A small group of pelicans sometimes nest-
ed beside a colony established earlier. Such
additions to colonies usually occurred
where woody vegetation or rock outcrops
provided a barrier between colony nests
and new nests closest to the colony. Peli-
cans simultaneously appended one group of
10 nests to the edge of a colony in 1973, and
four groups totaling 44 nests to four differ-
ent colonies in 1974.

Temporal patterns. Pelicans laid eggs
from late March through June annually (Fig.
3). Nesting activity was most intense from
9 April to 6 May during which time 1,917
(73.6%) and 1,928 (72.1%) of the nests were
initiated in 1973 and 1974, respectively. Up
to six separate colonies were established
each week, often at widely separated sites
on the island (e.g., Fig. 1; 1974, week 3).

Reproductive events of pelicans within a
colony were synchronized within the 13-
week breeding season. In 16 colonies, the
first egg hatched in 90% of the nests within
an interval of two to nine (x = 6.2 = 2.41)
days. Hatch duration was independent ot
colony size (Fig. 4; r = 0.24, P > 0.05).
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FIGURE 3. Number of White Pelican nests initiated
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Where pelicans appended nests to an es-
tablished colony, they did so during May
and June only. Pelicans added nests to a col-
ony where birds were incubating eggs (four
groups, 46 nests) or after eggs hatched in
the colony (one group, eight nests).

NEST ESTABLISHMENT

Courtship. Schaller (1964) and van Tets
(1965) described some social displays of
White Pelicans. Courtship has not been de-
scribed to my knowledge.

Courtship activities appeared restricted
to Gunnison Island. They were not ob-
served when birds in the alternate (nuptial)
plumage flocked together at surrounding
marshlands. Unmated pelicans formed large
soaring flocks over the island (Knopf 1975b).
From such a flock, groups of two to ten pel-
icans occasionally stooped, raptor fashion,
with half-open wings. Stoops created loud
whooshing sounds and terminated 25 to 50
m above the island. Stoops were rare, being
observed only 23 times on six days, sug-
gesting that they were not essential com-
ponents of courtship.

Small groups of pelicans often left the
soaring flock and landed on the island or
near the shoreline. Upon first arrival on the
island, pelicans loitered near established
colonies or courting birds. “Newly-arrived”
pelicans often stood on driftwood or rocks

NESTING OF WHITE PELICANS 355

2001~ H
350
«
@
®© [ ]
z
- 100 . .
.E e L
g b : .
-4 .
P 1 °* 3
| 4 7 10
Hatch  Duration (Days)

FIGURE 4. Relationship between colony size and
synchronization of hatching in 16 White Pelican colo-
nies. Hatching duration is the number of days required
for the first egg to hatch in 90% of the nests in a colony.

and were conspicuous in their alert, wary
surveillance of the surroundings.

Sometime after arrival, pelicans joined
dense flocks on lower elevations of the is-
land. These flocks preceded the establish-
ment of a colony at the site. Birds in these
flocks were spatially segregated according
to whether they were laying eggs, defend-
ing a potential nest site, or courting (Fig. 5).
Courting birds occurred on the outer edges
of the flock.

When entering the flock, pelicans aggres-
sively jabbed at and received jabs from oth-
er pelicans. In response to jabbing from
flock birds, females ceased walking and
bowed. The bow involved raising the
breast, elevating the folded wings at the
shoulders, stiffly arching the neck, and
bringing the bill against the breast with the
tip pointing at the feet. The nearest male
responded by moving alongside the female,
expanding his pouch, extending his neck
over her head and moving his head back
and forth displaying the sides of his pouch.
The male grunted during these displays.
Movements associated with the interaction
elicited jabbing from nearby birds to which
the male and female responded by jabbing
back.

Following the female’s bow, the female
and male often surveyed their surroundings
until the female walked rapidly within the
flock and bowed again. The male followed
the female and responded to the bow as be-
fore. Frequently, the male did not keep up
with the female and a new male responded
to her bow.

Occasionally, a male and female left the
precolony flock and moved about the island.
The male followed the female in the strut-
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FIGURE 5. Schematic representation of the colony
formation process of White Pelicans. Closed ovals in-
dicate spatial locations of unpaired, courting birds;
half-open ovals, paired birds; and open ovals, birds lay-
ing or incubating eggs.

ting walk (Schaller 1964). The birds often
paused during the strutting walk and
preened or looked around. Other males
sometimes joined birds during the strutting
walk, creating a courting party. Males in the
courting party often exchanged jabs.

The strutting walk was often interrupted
by the female taking flight followed by the
male and any bachelor males. The birds
flew briefly around the island but did not
join flocks of soaring birds at higher alti-
tudes. During the flights, the male main-
tained a position close to the female and
often expanded his pouch (van Tets 1965:54)
and grunted while beside her. After one to
four trips around the island, courting birds
landed and continued the strutting walk.
Bachelor males usually abandoned the pair
during flight or shortly after returning to the
ground.

Nest site selection. Paired birds strut-
walked rapidly. The male often jabbed at
the back of the female’s head causing her to
walk faster. The strutting of paired birds al-
ways terminated with the female bowing.

Paired females bowed when close to a
dense aggregation of pelicans. A female, fol-
lowed by the male, often approached and
bowed beside a colony of incubating peli-
cans or pelicans with nestlings. The bow
was terminated abruptly as the pair re-
sponded to aggressive jabs from pelicans on
nests. The jabbing usually rebuffed the fe-
male and male, but even when the pair de-
fended their position successfully, the fe-
male abandoned the location and resumed
strutting.

The female and male eventually returned
to a precolony flock and walked past the un-
mated birds to the center near other paired
birds. The female bowed and the male re-
sponded. Again the bow was interrupted by
the jabbing of neighbor birds and the pair
jabbed back. Unlike approaches towards
birds already on nests, each agonistic en-
counter in a flock was followed by the fe-
male’s bowing. The pair continually bowed
or retaliated jabs for 30 to 60 min after
which jabbing declined. At this time, I con-
sidered the nest site successfully defended.
Once a site was defended, the bow, per-
formed as before, preceded mounting by
the male.

Both the male and female remained at the
nest site or in the vicinity of the new colony
three to five days after initial defense of the
nest site. During that period, the birds built
the nest and often exchanged places on it.
On the last day the male left the island and
presumably went to the feeding grounds.
The female remained on the nest until the
male returned two to three days later. The
first egg appeared four to five days after ini-
tial nest site defense and the second after
six to seven days.

Paired pelicans continued joining the
precolony flock for approximately seven
days (range 2-9, n = 12). Decreased recruit-
ment of new pairs at a site occurred simul-
taneously with increased recruitment to
precolony flocks at other sites on the island.
Precolony flocks infrequently were located
near pelicans on nests resulting in nest ad-
ditions to a colony.

PRODUCTIVITY

White Pelicans lay two eggs per clutch
(Palmer 1962). Incubation requires about 30
days and eggs hatch asynchronously. The
altricial chicks develop rapidly and leave
the nest during their fourth week. Chicks
move freely about the island until they
fledge 12 to 13 weeks after hatching,.

Egg and chick losses. Four of 550 nests
(0.7%) in 1973 and 33 of 1,721 nests (1.9%)
in 1974 contained a clutch that did not sur-
vive. Pelicans incubated an inviable clutch
through the nestling period of neighboring
birds before abandoning the nest. Occasion-
ally one egg of a clutch failed to hatch. Only
one egg in a two-egg clutch hatched in 5
(1.6%) of 88 nests sampled in 1973 and 15
(0.6%) of 332 nests sampled in 1974. Un-
hatched eggs contained well-developed
embryos.

Eight adult pelicans died on the island
during the 1973 nesting season and 12 died
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FIGURE 6. Percentage of nests containing either one
or more than two eggs relative to date of incubation.
The number of nests surveyed is given in parentheses.

in 1974. Since an individual pelican was on
the island about half the time, similar num-
bers may have died at other places during
the breeding season. Pelicans are monoga-
mous and the mate of a dead bird probably
could not raise the brood. I estimate that
0.6% and 1.0% of the eggs laid in 1973 and
1974, respectively, were lost due to death
of a parent.

Two pelican chicks died presumably from
bill deformities. A chick with a strongly up-
curved bill died at eight weeks of age; one
born without a maxilla died at six weeks.
Some chicks died of unknown causes (pos-
sibly disease) during the postnestling, pre-
fledging period. Two (0.7%) of 300 chicks
banded early in the postnestling period
died prior to fledging in 1973. Eight (1.1%)
of 699 banded chicks died before fledging
in 1974.

Twenty (8.3%) of 242 eggs laid in 1973
and 22 (9.9%) of 222 eggs laid in 1974 rolled
from nests during incubation. The inci-
dence of nests containing one egg increased
steadily through incubation (Fig. 6), indi-
cating that egg losses occurred as a result of
general incubation activities.

Many pelicans abandoned nests during
incubation and the nestling period (Table
1). Abandonment was most prevalent dur-
ing the first week of incubation and the
week preceding hatching (Table 2). On
three occasions I watched pelicans walk off
nests and fly away within 30 min after the
first egg hatched. The incidence of aban-
donment was lower (t = 3.49, P < 0.001,
arcsin transformation, Sokal and Rohlf 1969)
in 1973 than 1974.

Pelicans occasionally retrieved displaced
or abandoned eggs from other nests, in-
creasing their clutches to three to five eggs.
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TABLE 1. Nests abandoned by White Pelicans dur-
ing the incubation and nestling periods in 1973 and
1974 based on 12 and 24 colonies, respectively.

Number Total
Number abandoned percent
of nests {%) abandoned
1973
Incubation 1,052 174 (16.5) 29,4
Nestling 878 62 (7.1) )
1974
Incubation 1,320 292 (22.2) 28.7
Nestling 1,028 87 (8.5) )

1 observed two different pelicans add an
egg from nearby abandoned nests. Each of
22 nests with more than two eggs was ad-
jacent either to a nest containing only one
egg or to the site of an abandoned nest. The
percentage of nests with more than two eggs
increased early in the incubation period
(Fig. 6), a time when nests were most fre-
quently abandoned (Table 2).

Pelicans incubated two-egg clutches by
covering each egg with one foot. Seven
(1.5%) of 467 nests in 1973 and 15 (1.9%) of
795 nests in 1974 contained more than two
eggs and exhibited complete nest failure. 1
inspected 26 eggs from those nests—all
were addled.

One chick of the two usually died during
the nestling period. A chick died during the
first (n = 15), second (38), or third (36) week
after the first egg hatched. In nests where
both eggs hatched, one chick died in 176
(90.3%) of 195 nests in 1973 and 339 (90.6%)
of 374 in 1974. These losses represented
515 (29.0%) of 1,776 eggs laid in the colo-
nies.

Spatial patterns. In studies of nesting
success, estimates of productivity usually
are biased since losses of eggs or nests dur-
ing early incubation are missed (Mayfield
1975). Accuracy in this study was within
three days: first records of each nest oc-
curred three or fewer days after completion
of the clutch.

Mean productivity of brooding pelicans
was similar for nests located in each vege-

TABLE 2. Nest abandonment during incubation in
34 White Pelican colonies during 1973 and 1974.

Number of nests Percentage

Total abandoned of all nests

Week number of nests (%) abandoned
1 2,261 265 (11.7) 44.8
2 1,996 87 (4.4) 14.7
3 1,909 92 (4.8) 15.5
4 1,817 148 (8.1) 25.0
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FIGURE 7. Mean nest productivity relative to total
number of nests in a colony for 35 White Pelican col-
onies during 1973 and 1974.

tational habitat. Pelicans fledged 0.85
chicks/clutch (n = 1,057) in herbaceous
vegetation and bare-ground areas, 0.85
chicks/clutch (n = 144) in shrub areas, and
0.89 chicks/clutch (n = 142) at driftwood
sites. Differences in fledging success were
not significant between habitats.

Mean nest productivity for 35 pelican col-
onies (1973 and 1974) ranged from 0.0—1.0
chicks. Productivity was independent of
colony size (Fig. 7). Pelicans in small colo-
nies exhibited both the highest and lowest
mean production.

Pelicans that appended nests to estab-
lished colonies generally failed to produce
young. Ten nests added to a colony in 1973
were abandoned before the eggs hatched.
Only 9 of 44 nests added to four colonies in
1974 resulted in fledged young. The suc-
cessful nests were among 26 added to a col-
ony of two nests, the only time appended
nests outnumbered nests in the original col-
ony.

Within a colony, pelicans abandoned 106
of 432 (24.5%) nests on colony peripheries
and 43 of 292 (14.7%) nests centrally located
(t = 3.28, P < 0.01). Nest abandonment was
the only source of egg or chick loss that var-
ied significantly between peripheral and
central nests. Abandonment was never con-
tagious with the adults of an entire subsec-
tion of a colony abandoning nests in a short
period of time.

Pelicans raising two chicks to the post-
nestling stage tended to occur on colony pe-
ripheries. Pelicans raised two chicks in 38
of 236 (16.1%) nests on colony peripheries
versus 6 of 146 (4.1%) nests centrally locat-
ed (t = 3.97, P <0.001). Pelicans raising
two chicks also tended to have nested near
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FIGURE 8. Locations of nests (dark circles) from
which two chicks fledged in four White Pelican colo-
nies.

to one another (Fig. 8). Thirty-two of 44
(72.7%) nests from which two chicks
fledged were neighbor to a nest from which
two fledged also (x* = 12.7, P < 0.001).

Temporal patterns. The incidence of egg
and chick losses increased during the nest-
ing season. Nests containing clutches of two
eggs declined while clutches of one or more
than two eggs became more frequent
through May and June annually (Fig. 9).
Pelicans also abandoned a greater propor-
tion of nests later in the nesting season (Fig.
10).

Pelicans fledging two chicks consistently
laid eggs prior to 15 May each season (Fig.
11). For nests initiated within a given one-
week interval, two chicks fledged from a
maximum of 22.2% of all clutches, or 33.0%
of those nests from which at least one chick
fledged.

As a consequence of increased egg and
chick mortality, mean nest productivity
within pelican colonies (range 3-235 nests)
declined linearly with the number of days
after 1 April that eggs were laid (Fig. 12).
Production of chicks was greater in 1973
than 1974 (F [b,1973 = b,1974] = 1.44, P >
0.05; covariance analysis F =40.1, P <
0.001). For those colonies for which I had
information on hatching synchronization
(Fig. 4), mean nest production in a colony
was not correlated (r = 0.254) with synchro-
nization of reproductive events within a col-
ony.

DISCUSSION
COLONY FORMATION

Many field studies of pelicans describe the
behavior of birds at colonies (Schaller 1964,
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Burke and Brown 1970, Schreiber 1977, and
others). The role of behavior patterns in pair
formation and nest site selection is best
known for the ground-nesting European
White Pelican (Pelecanus onocrotalus;
Brown and Urban 1969), Australian Pelican
(P. conspicillatus; Vestjens 1977), and ar-
boreal Pink-backed Pelican (P. rufescens;
Din and Eltringham 1974).

In my study, unmated female pelicans
initiated courtship as they entered flocks of
courting birds. Males outnumbered females
in precolony flocks, indicating that the num-
ber of pairs formed during a given week was
determined by the number of females en-
tering these flocks. The number of preco-
lony flocks on the island, in turn, deter-
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mined how many colonies would bhe
established. Thus, the size of a given colony
reflected the number of females breeding
that week divided (albeit unevenly) by the
number of active flocks on the island.
Courting pelicans selected mates with lit-
tle attempt to defend a potential nest site,
frequently moving their location within the
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precolony flock. Intense agonistic behaviors
in flocks appeared to function in defense of
birds rather than sites. Components of nest-
ing behavior such as retrieving materials for
a nest mound were rare at first and gradually
became more frequent.

The spacing of nests appeared to be the
outcome of conflicting tendencies towards
gregariousness and social intolerance dur-
ing nest site selection. Paired pelicans were
attracted to other pelicans, but were intol-
erant of birds within striking distance. Pel-
icans required behavioral reinforcement
from other pelicans prior to becoming site
tenacious. Paired pelicans persisted in de-
fending a potential nest site only when be-
side another pair also defending a site.

Colony size reflected the number of pairs
joining the courting flock during its pres-
ence at a site. After the flock had been active
three or four days at a site, male pelicans
from the earliest nests began leaving the is-
land to feed while females remained to lay
eggs. On each subsequent day additional
males left, giving the dense courting flock
the increasing appearance of an established
colony of dispersed nests. Simultaneously,
social interactions within the flock became
less intense. The flock came to look like an
established colony of incubating birds and
ceased to attract new birds. Courting peli-
cans congregated at other sites with birds
behaviorally more in phase with their re-
productive cycle.

PRODUCTION

White Pelican numbers in North America
declined during the last century due, in
part, to human disturbance at breeding sites
(Thompson 1933, Lies and Behle 1966).
The rugged terrain of Gunnison Island con-
cealed most of my activities from nesting
birds and I am convinced that pelican pro-
ductivity was not influenced by my pres-
ence.

Major sources of egg and chick mortality
in pelicans were typical of colonial seabirds
in general (Ricklefs 1969). Among ground-
nesting pelecaniforms, eggs easily roll from
the rudimentary nests (Dorward 1962, Snow
1960, this study). Dorward (1962) marked
eggs of Brown Boobies (Sula leucogaster)
and found that an egg laid in one nest com-
monly was incubated in a different nest, in-
dicating that boobies, like White Pelicans,
tend to incorporate eggs from outside the
nest into the clutch.

White Pelicans abandoned about one-
fourth of their nests each season. The inci-
dence of nest abandonment was similar to

the 21.6% reported for the Blue-faced Boo-
by (Sula dactylatra), on Kure Atoll (Kepler
1969). Proximate causes of nest abandon-
ment in pelicans were unknown.

Nest abandonment was the only signifi-
cant source of egg and chick mortality
which varied between 1973 and 1974, sea-
sons with significantly different production
in the population. Thus, annual differences
in production of the pelican population re-
flected differing rates of nest abandonment.

Behle (1958) noted that the major source
of White Pelican chick mortality is death of
the smaller chick in nests where two chicks
hatch. In my study, 45% of the chicks in
two-chick nests died (from starvation or ha-
rassment by the larger sibling) during the
nestling period.

White Pelicans at Gunnison Island
fledged 0.85 chicks per clutch (n = 1,343) or
0.42 chicks per egg. Schaller (1964) report-
ed 117 chicks fledged from 507 eggs for a
0.23 chicks per egg ratio at Yellowstone
Lake, Wyoming. Strait and Sloan (1974) es-
timated 0.62 chicks per nest (n = 26) at
Chase Lake, North Dakota, but neither
study described the relative timing of sur-
veys within the nesting season. Burke and
Brown (1970) reported Pink-backed Peli-
cans fledging 0.57 chicks per nest (n = 20)
in Kenya. Some nests contained chicks
when the study began, however, and nest,
egg, or chick losses prior to the study were
not incorporated into their calculations.

SPATIAL PATTERNS

White Pelicans nested in colonies at high
densities while three-fourths of the avail-
able habitat remained unused each year.
Since mean productivity of chicks was sim-
ilar between habitat types, habitat differ-
ences appeared insignificant to reproduc-
tion. Pelicans did not resettle former colony
sites on Gunnison Island the subsequent
year suggesting that some altered feature
(probably vegetative) of the habitat influ-
enced the location of precolony flocks the
following spring.

At the time of joining a precolony flock,
paired pelicans chose nest sites in the mid-
dle of the flock but peripheral to pairs al-
ready defending sites. The last pairs to se-
lect sites prior to disbanding of the
precolony flock had peripheral locations in
the colony. Since some colonies grew lin-
early (along driftwood lines for example)
the first pelicans to defend nest sites often
remained at peripheral positions within the
colony.

Among colonial seabirds, birds nesting in



the colony center produce more young than
those on the edge (Patterson 1965, Dexhei-
mer and Southern 1974, and others). Tenaza
(1971) proposed that reproductive success
of birds should decrease with declining col-
ony size because of an increased proportion
of peripheral nests. Nest abandonment is
the only source of White Pelican egg or
chick mortality which occurred at a higher
rate on the edge than in the center of a col-
ony. For the White Pelican, Tenaza’s hy-
pothesis at first appears to be supported by
a higher incidence of nest abandonment in
1974, a year when mean colony size was
smaller and overall productivity lower than
1973. Although more nests were abandoned
on the edge of a colony, most of the nests
from which two chicks fledged were also on
colony edges. These offsetting phenomena
resulted in no apparent difference in pro-
ductivity between central and peripheral
nests, and in similar production within
small and large colonies.

TEMPORAL PATTERNS

The productivity of White Pelicans de-
creased as the breeding season progressed.
Blus and Keahey (1978) reported that
Brown Pelicans (P. occidentalis) between
one to four years of age nested later and pro-
duced fewer young than older adults. I
speculate that the negative correlation be-
tween productivity and date of egg laying
in White Pelicans reflected an increasing
percentage of younger birds in colonies.
White Pelican eggs laid late in the season
contained higher levels of organochlorine
residues (Knopf and Street 1974) which may
have influenced egg or chick survival.

Within the long breeding season, repro-
ductive events were more synchronous
within pelican colonies than among colo-
nies, synchronization being independent of
time of year and colony size. Similar inde-
pendencies were reported for Sandwich
Terns (Sterna sandvicensis; Langham 1974)
and South American grebes (Burger 1974).
In both studies, reproductive events also
tended to be more synchronous in smaller
colonies. Such a tendency was evident for
Gunnison Island pelicans and reflected ab-
breviated activity of a precolony flock at a
site.

Hailman (1964) concluded that colony
synchrony is socially mediated, the mecha-
nism being either active or passive. The hy-
pothesis of an active mechanism (Darling
1938) maintains that displays of neighbor-
ing birds modulate physiological progres-
sion of the breeding cycle, promoting syn-
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chrony between pairs. Such synchrony is
envisioned as being greater in large colo-
nies, enabling birds in those colonies to
breed earlier and with greater nesting suc-
cess (the Darling effect). This hypothesis
appears to lack support for some species
based upon synchronization of egg laying
within colonies (Coulson and White 1956,
1960, Vermeer 1963, Langham 1974). For
White Pelicans the Darling effect is unsup-
ported by data taken at the time eggs hatch,
when synchronization should be most pro-
nounced. Synchronization, reproductive
success, and time of breeding were inde-
pendent of the number of nests in White
Pelican colonies. In addition, synchroniza-
tion and reproductive success were not cor-
related.

The passive mechanism of synchroniza-
tion, as proposed by Orians (1961), main-
tains simply that courting birds may be at-
tracted to birds already on nests. Synchrony
in White Pelican colonies conformed with
this idea although the mechanism was be-
haviorally more refined. Courting pelicans
were attracted to other pelicans but re-
quired some feedback from the birds ap-
proached prior to continuing sexual dis-
plays or nest site defense. The density of
birds was greater in precolony flocks than
in established colonies due to the simulta-
neous presence of both sexes at many nest
sites. Possibly, the sound of bills clapping
during aggressive encounters, grunting as-
sociated with intrapair interactions, plus
movements from these events and copula-
tions were excitatory stimuli for courting
and paired birds. These events were absent
in established colonies where birds were
comparatively sedate.

The lack of synchronization of reproduc-
tive events would be detrimental to pro-
ductivity of pelicans. Pelican nestlings were
poorly coordinated and sluggish at the be-
ginning of the prefledging period. A chick
that wandered into the territory of an adult
who was incubating eggs or brooding small
chicks might be killed by the adult. Such
mortality was not observed during 1973 or
1974 but was photographed during 1972 in
a colony to which 10 nests were added prior
to the termination of the nestling period of
the original nests. The termination of terri-
toriality at nearby nests appears to favor sur-
vival of chicks during early stages of the
postnestling period.

SUMMARY

White Pelicans on Gunnison Island, Utah,
nested in 18 spatially and temporally finite
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colonies in 1973 and 33 colonies in 1974.
Within colonies, nests averaged 0.59 m
apart and occurred in areas of loose sub-
strate in herbaceous or shrubby vegetation,
or along lines of driftwood. Most colonies
contained 50 or fewer nests, while most
nests were in colonies larger than 175 nests.
The numerous small colonies resulted in
42.7% and 47.8% of all nests being located
on colony peripheries in 1973 and 1974, re-
spectively.

The first colonies were established dur-
ing late March with new colonies appearing
through late June each year. Over 70% of
all nests were constructed 9 April to 6 May,
with as many as six colonies established
weekly. Reproductive events were highly
synchronous within colonies regardless of
colony size.

Qualitative observations indicated that
pelicans congregated into dense flocks soon
after arrival on the island. Courtship and
nest site selection were initiated by a fe-
male entering such a flock. After pairing,
nest sites were selected in the center of the
flock, near other pelicans also defending
nest sites. Unmated pelicans continued to
join the flock up to nine days at a given site.

Of the number of eggs laid each season
(potential productivity), approximately 5%
were lost due to either addled eggs, death
of an adult, morphological deformities of
chicks at hatching, or unknown causes dur-
ing the postnestling, prefledging period. In
addition, 9% were lost because an egg
rolled from a nest, 1-2% from adults sup-
plementing the normal clutch with addi-
tional eggs ultimately causing all eggs to
become addled, 25% from nest abandon-
ment, and 29% to death of one chick from
sibling harassment or starvation.

Pelicans abandoned nests more frequent-
ly on the periphery than in the center of
colonies; while mortality from other sources
occurred uniformly throughout the colony.
Pelicans fledging two chicks per clutch
tended to nest in clumped dispersions on
colony peripheries. These compensating
phenomena in nests on the periphery re-
sulted in similar production in central and
peripheral nests. Mean production per
clutch was comparable between colonies of
different sizes and in different habitats,

The incidence of major sources of egg and
chick mortality increased, and reproductive
success of pelicans declined, as the season
progressed. This trend probably reflected
later breeding by younger birds with less
reproductive experience. Nest productivity
of the population was lower in 1974, reflect-

ing a higher frequency of nest abandonment
that year.

ACKNOWLEDGMENTS

This study was funded through the Utah Cooperative
Wildlife Research Unit with a fellowship from the Rob
and Bessie Welder Wildlife Foundation; it represents
Welder Wildlife Contribution No. 231. I am grateful to
the late C. Cottam for his enthusiastic support. W. H.
Behle, J. A. Bissonette, K. L. Dixon, J. A. Gessaman,
J. B. Low, B. A. Knopf, R. ]J. Miller, F. B. Samson, R.
W. Schreiber, A. W. Stokes, P. A. Vohs, and H. W. Wil-
liams provided encouragement and suggestions during
the course of the research and preparation of the manu-
script. V. C. Bachman provided technical assistance in
the field. C. Romesburg, D. V. Sisson and W. D. Warde
offered statistical advice. The Utah Division of Wild-
life Resources extended access privileges to Gunnison
Island.

LITERATURE CITED

BEHLE, W. H. 1958. The bird life of Great Salt Lake.
Univ. Utah Press, Salt Lake City.

Brus, L. J., AND J. A. KEAHEY. 1978. Variation in re-
productivity with age in the Brown Pelican. Auk
95:128-134.

BrownN, L. H., AND E. K. URBAN. 1969. The breeding
biology of the Great White Pelican Pelecanus on-
ocrotalus roseus at Lake Shala, Ethiopia. Ibis
111:199-237.

Brown, R. G. B. 1967. Breeding success and popu-
lation growth in a colony of Herring and Lesser
Black-backed gulls, Larus argentatus and L. fus-
cus. Ibis 109:502-515.

BURGER, J. 1974. Determinants of colony and nest-
site selection in the Silver Grebe (Podiceps occip-
italis) and the Rolland’s Grebe (Rollandia rol-
land). Condor 76:301-306.

BURKE, V. E. M., AND L. H. BROwWN. 1970. Observa-
tions on the breeding of the Pink-backed Pelican
Pelecanus rufescens. 1bis 112:499-512.

COULSON, J. C. 1966. The influence of the pair bond
and age on the breeding biology of the Kittiwake
Gull Rissa tridactyla. J. Anim, Ecol. 35:269-279.

CoULSON, J. C., AND E. WHITE. 1956. A study of col-
onies of the Kittiwake Rissa tridactyla (L.). Ibis
98:63-79.

CoULSON, J. C., AND E. WHITE. 1960. The effect of
age and density of breeding birds on the time of
breeding of the Kittiwake (Rissa tridactyla). Ibis
102:71-86.

DARLING, F. F. 1938. Bird flocks and the breeding
cycle. Cambridge Univ. Press, Cambridge.

DEXHEIMER, M., AND W. E. SOUTHERN. 1974. Breed-
ing success relative to nest location and density in
Ring-billed Gull colonies. Wilson Bull. 86:288-
290.

DiN, N. A, AND S. K. ELTRINGHAM. 1974. Breeding
of the Pink-backed Pelican Pelecanus rufescens in
Ruwenzori National Park, Uganda; with notes on
a colony of Marabou Storks Leptoptilos crumeni-
ferus. Ibis 116:477-493.

DORWARD, D. F. 1962. Comparative biology of the
White Booby and the Brown Booby Sula spp. at
Ascension. Ibis 103b:174-220.

ForpHAM, R. A. 1970. Mortality and population
change of Dominican Gulls in Wellington, New
Zealand, with a statistical appendix by R. M. Cor-
mack. J. Anim. Ecol. 39:13-27.

HAILMAN, J. P. 1964. Breeding synchrony in the equa-
torial Swallow-tailed Gull. Am. Nat. 98:79-83.



HaLL, E. R. 1925. Pelicans versus fishes in Pyramid
Lake. Condor 27:147-160.

HARRIS, M. P. 1973. The biology of the Waved Al-
batross Diomedea irrorata of Hood Island, Gala-
pagos. Ibis 115:483-510.

HuUNT, G. L., Jr. 1972. Influence of food distribution
and human disturbance on the reproductive suc-
cess of Herring Gulls. Ecology 53:1051-1061.

HunT, G. L., JR., AND M. W. HUNT. 1976. Gull chick
survival: the significance of growth rates, timing
of breeding and territory size. Ecology 57:62-75.

KEPLER, C. B. 1969. Breeding biology of the Blue-
faced Booby (Sula dactylatra personata) on Green
Island, Kure Atoll. Publ. Nuttall Ornithol. Club
No. 8, Cambridge, Mass.

KNOPF, F. L. 1974. Fluctuating levels of Great Salt
Lake: effects on island wildlife. Proc. Utah Acad.
Sci., Arts Letters 51(2):34-41.

KNoPF, F. L. 1975a. Schedule of presupplemental
molt in White Pelicans with notes on the bill horn.
Condor 77:356-359.

KNOPF, F. L. 1975b. Spatial and temporal aspects of
colonial nesting of the White Pelican, Pelecanus
erythrorhynchos. Ph.D. diss. Utah State Univ.,
Logan.

KnoPF, F. L., AND J. C. STREET. 1974, Insecticide
residues in White Pelican eggs from Utah. Wilson
Bull. 86:428-434.

LANGHAM, N. P. E. 1974. Comparative breeding bi-
ology of the Sandwich Tern. Auk 91:255-277.
LiEs, M. F., AND W. H. BEHLE. 1966. Status of the
White Pelican in the United States and Canada

through 1965. Condor 68:279-292.

Low, J. B, L. Kay, anND D. I. RASMUSSEN. 1950. Re-
cent observations on the White Pelican on Gun-
nison Island, Great Salt Lake, Utah. Auk 67:345—
356.

MAYFIELD, H. F. 1975. Suggestions for calculating
nest success. Wilson Bull. 87:456-466.

NETTLESHIP, D. N. 1972. Breeding success of the
Common Puffin (Fratercula artica L.) on different
habitats at Great Island, Newfoundland. Ecol.
Monogr. 42:239-268.

QOSTING, H. J. 1956. The study of plant communities.
W. H. Freeman and Co., San Francisco.

ORIANS, G. H. 1961. Social stimulation within black-
bird colonies. Condor 63:330-337.

PALMER, R. S. 1962. Handbook of North American
birds. Vol. 1. Loons through flamingos. Yale Univ.
Press, New Haven, Conn.

PARSONS, J. 1975. Seasonal variation in the breeding
success of the Herring Gull: an experimental ap-

NESTING OF WHITE PELICANS 363

proach to pre-fledging success. J. Anim. Ecol.
44:553-573.

PATTERSON, L. J. 1965. Timing and spacing of broods
in the Black-headed Gull Larus ridibundus. Ibis
107:433-459.

PENNEY, R. L. 1968. Territorial and social behavior in
the Adelie Penguin, p. 83-131. In O. L. Austin
[ed.], Antarctic bird studies. Am. Geophys. Union
Publ. No. 1686. Washington, D.C.

RICKLEFS, R. E. 1969. An analysis of nesting mortality
in birds. Smithson. Contrib. Zool. 9:1-48.

SCHALLER, G. B. 1964. Breeding behavior of the
White Pelican at Yellowstone Lake, Wyoming.
Condor 66:3-23.

SCHREIBER, R. W. 1977. Maintenance behavior and
communication in the Brown Pelican. Ornithol.
Monogr. 22.

SNow, B. 1960. The breeding biology of the Shag
Phalacrocorax aristotelis on the island of Lundy,
Bristol Channel. Ibis 102:354-575.

SoxkaL, R. R, AND F. J. ROHLF. 1969. Biometry. W.
H. Freeman and Co. San Francisco.

STRAIT, L. E., AND N. F. SLOAN. 1974. Life table anal-
ysis for the White Pelican. Inl. Bird Banding News
46:20-28.

TENAZA, R. 1971. Behavior and nesting success rela-
tive to nest location in Adelie Penguins (Pygoscelis
adeliae). Condor 73:81-92.

THOMPSON, B. H. 1933. History and present status of
the breeding colonies of the White Pelican (Pele-
canus erythrorhynchos) in the United States. U.S.
Dep. Inter., Natl. Park Serv. Contrib. Wildl. Div.
Occ. Pap. No. 1.

vaN TETS, G. F. 1965. A comparative study of some
social communication patterns in the Pelecani-
formes. Ornithol Monogr. 2.

VERMEER, K. 1963. The breeding ecology of the Glau-
cous-winged Gull (Larus glaucescens) on Man-
darte Island, B. C. B. C. Prov. Mus. Occ. Pap. No.
13, °

VERMEER, K. 1970. Breeding biology of California and
Ring-billed gulls: a study of ecological adaptation
to the inland habitat. Can. Wildl. Serv. Rep. Ser.
12.

VESTJENS, W. J. M. 1977. Breeding behavior and ecol-
ogy of the Australian Pelican, Pelecanus conspi-
cillatus, in New South Wales. Aust. Wildl. Res.
4:37-58.

Section of Wildlife Ecology on Public Lands, U.S. Fish
and Wildlife Service, 1300 Blue Spruce Drive, Fort
Collins, Colorado 80524. Accepted for publication 31
August 1978.



