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Abstract.—Since their recovery from population declines in the 1960s and 1970s, Brown Pelicans (Pelecanus oc-
cidentalis) have become a common breeder on the Atlantic coast of the southeastern U.S.A. Despite their relative
abundance, few studies of their breeding biology have been conducted in this region. Parent and nestling behavior
during early chick rearing were examined at a colony in Charleston Harbor, South Carolina. Rates of parental and
chick feeding decreased linearly with chick age. Rates of parental attendance, chick begging and chick aggression
all peaked when chicks were approximately 21 d post-hatching and then declined. Direct feeding events were never
observed when chicks were < 11 d of age and indirect feeding events were rarely observed after chicks were > 15 d
of age. The transition from indirect to direct feeding was not accompanied by a change in begging rates. Shifts in
the frequencies of both parent and chick behaviors occurred at approximately three weeks post-hatching, when
chicks achieve thermoregulatory independence and become more mobile. These data suggest that any spatial or
temporal comparisons of parent or chick behavior should be assessed in relation to the age category of the parent
and the age of the chicks. Received November 7 2008, accepted November 29 2008.
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Although the Brown Pelican (Pelecanus
occidentalis) is a high-profile species along
the Atlantic coast of the southeastern U.S.,
relatively few data are available regarding as-
pects of the species’ breeding biology in the
region (see Shields 2002). Studies of breed-
ing chronology (Schreiber 1980), contami-
nant exposure and its effects on reproduc-
tive performance (e.g., Blus et al. 1979; Blus
1982), reproductive success in relation to pa-
rental age (Blus and Keahey 1978), brood re-
duction (Ploger 1997) and mass hierarchies
(Shields 2000), and effects of soft ticks on re-
productive performance and chick develop-
ment and condition (Norcross and Bolen
2002; Ferguson 2006; Eggert and Jodice
2008) have been conducted, but little has
been published on basic parameters associat-
ed with brood-rearing such as parental atten-
dance, feeding rates, and chick behavior.
These parameters may be sensitive to envi-
ronmental stressors, such as either food
availability (Gill et al. 2002) or human distur-
bance (Holmes 2007) and thereby provide

useful metrics for assessing the health of sea-
bird populations.

As part of a broader study of the breeding
biology and conservation of a declining pop-
ulation of Brown Pelicans in South Carolina
(Jodice et al. 2007), we examined the behav-
ior of parent and nestling pelicans during
the early phase of brood-rearing when chicks
could be identified with specific nests. Our
objective was to measure parental atten-
dance, parent and chick feeding, chick beg-
ging and chick aggression, and to assess
these in relation to chick age. This study pro-
vides baseline data for behaviors that are eas-
ily measurable and hence may provide an op-
portunity for future spatial or temporal com-
parisons of breeding biology within the pop-
ulation.

METHODS

Study Site

We conducted this study at the Crab Bank Heritage
Preserve in Charleston Harbor, South Carolina, USA
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(32°46’N 79°53’W), one of three primary nesting colo-
nies in the state. Crab Bank is approximately 9 ha and is
approximately 150 m at its widest point during low tide.
Pelicans have nested regularly on Crab Bank since the
mid-1990s (Jodice et al. 2007) and there were approxi-
mately 400 ground-nesting pairs during the 2006 breed-
ing season. Crab Bank also supports breeding Sandwich
Terns (Sterna sandvicensis), Royal Terns (Sterna maxima),
Black Skimmers (Rynchops niger), Laughing Gulls (Leu-
cophaeus atricilla), American Oystercatchers (Haematopus
palliatus) and several species of wading birds. Prior to
2006 this small sand-spit island was frequently used as a
recreation location for boaters and beachgoers. Howev-
er, in the spring of 2006 the South Carolina Department
of Natural Resources prohibited all human access on
Crab Bank from March through October.

Field Procedures

Behavior of parent and nestling Brown Pelicans was
recorded between 10 June and 22 July 2006. Two study
plots were delineated within the colony, with plot 1 con-
taining a distinct cluster of 14 nests and plot 2 contain-
ing 13 nests. Each plot included nests that occurred at
both the edge and center of the colony and the plots
were separated by approximately 50 m. Nests were
marked with numbered flags attached to metal posts
placed horizontally through the nest so that the number
was visible to the observer. The age category of adults in
study nests was determined by age-related plumage
characteristics (Schreiber et al. 1989; Nelson 2005). Ju-
veniles were likely <3-5 years old (Shields 2002). Hereaf-
ter nests with two adults (n = 20) are referred to as an
adult pair, and those with two juveniles (n = 2) or one
juvenile and one adult (n = 5) are referred to as a juve-
nile pair (the latter two categories were pooled for all
subsequent analyses for purposes of sample size). Based
on the developmental stages of chicks throughout the
colony and preliminary observations earlier in the
breeding season, it appeared that nests in our study
plots were established between one and three weeks af-
ter others in the colony.

Prior to each observation period we approached the
colony slowly to minimize disturbance and waited 15
minutes before initiating data collection. We sat 5-15
meters from the nests on the periphery of the plot and
used 8 

 

× 42 binoculars or a spotting scope to observe
adults and chicks. Observations were conducted be-
tween 0700-1200 h for 3 hrs and we collected data from
one plot during each observation period. We were logis-
tically unable to sample during nocturnal hours. Collec-
tion of data ceased when we were no longer able to
accurately identify the nest to which a chick belonged.
We measured rates of parental feeding, chick feeding,
parental attendance, chick begging and chick aggres-
sion. Parental feeding and chick feeding were recorded
whenever they occurred during the 3 h observation pe-
riod at any nest within a plot. These data represent actu-
al counts. Following Pinson and Drummond (1993), we
classified feeds as “indirect” (food regurgitated by
adults onto nest floor and subsequently consumed by
chicks) and “direct” (food consumed directly from par-
ents’ gular pouch by chick). We counted an event as a
parental feed when we observed a parent either regur-
gitate food onto the nest floor or pass food directly to a
chick. We counted an event as a chick feed when one or
more chicks fed upon a regurgitated food item or when
we observed a chick thrusting its head into the throat of

a parent and when the throat of the chick was subse-
quently engorged. We considered two indirect feeds dis-
tinct if 

 

≥15 min elapsed between feeding events even if
chicks subsequently fed upon the same previously re-
gurgitated item (Shields 1998). Note that counts were
nest-based and not individual-based; therefore, if multi-
ple chicks were observed feeding within a nest at any
one time this was counted as a single feeding event.

Parental attendance, chick begging and chick ag-
gression were recorded using instantaneous scan sam-
pling. Nests within a plot were scanned (<15 s per nest)
systematically at five-minute intervals (hereafter, nest in-
tervals) throughout each 3 h observation period. Par-
ents <1 m from the nest were considered to be
‘attending’ chicks. Parental attendance at a nest during
each 3 h observation period is reported as the sum of
the number of parents present during each of the 36
nest intervals. The highest possible attendance score
was 72 (i.e. 36 nest intervals 

 

× 2 parents present).
During each scan we also recorded whether or not

chicks were begging or behaving aggressively in each
nest. Aggressive behaviors were defined as any hostile
action or attack (e.g., biting, pecking or shoving) direct-
ed at nestmates, conspecifics, or other species and beg-
ging behaviors were defined as pecking at the mandible
and gular pouch of the parent. We scored each chick be-
havior within the nest during a scan as ‘1’ if it occurred
and ‘0’ if it did not occur (i.e. we did not count the num-
ber of begs or aggressive acts and we also pooled obser-
vations among all chicks within a nest for these
behaviors). Aggression and begging are thus reported
as the number of nest intervals during which the behav-
ior was observed (i.e. we summed the scores within each
nest over the 36 nest intervals).

After the observation period concluded we entered
the colony to measure and mark chicks. We distin-
guished nestmates by marking their bills with non-toxic
nail polish (Eggert and Jodice 2008). If the nail polish
was not visible on subsequent sampling days, the largest
chick was assumed to be the oldest (Schreiber 1976; Pin-
son and Drummond 1993; Eggert and Jodice 2008).

We estimated the age of chicks using the model (age
= 14.13*ln culmen length - 42.85; R2 = 0.97) which is
based on a composite growth curve of 54 known-age
nestlings measured at the Crab Bank and Marsh Island
colonies in South Carolina during 2004 and 2005 (Egg-
ert and Jodice 2008). We measured culmen length of
each chick in the study nests with dial calipers (±1 mm).
We used the first measure of culmen length obtained to
estimate chick age because the growth model we em-
ployed was more accurate at younger ages (Eggert and
Jodice 2008). In 13 nests we were able to compare the
age estimated from the culmen length with data from
hatching schedules and found that these two estimates
of age were always within two days of each other. For
each chick we also compared ages estimated from sub-
sequent culmen measures with the age estimated from
the first culmen measure (i.e. age at first measure plus
number of days since first measurement obtained). The
mean (±SE) difference between these two estimates was
0.77 ± 0.11 days. We used the age of the oldest or largest
chick in the nest as the age for that nest in all subse-
quent analyses.

Statistical Analysis

Mixed models (PROC MIXED, SAS/STAT system
version 9.1, Copyright 1999-2005 SAS Inc., Cary, NC)
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were used to assess the relationship between each of the
five focal behaviors and chick age. We used a backward-
selection approach and eliminated variables with P-val-
ues > 0.10. The full model for each behavior included
chick age, chick age2, parent age, parent age*chick age,
and parent age*chick age2. Each model also included a
random term for the individual nest and a repeated
measures term to account for the collection of behavior-
al data from the same nests throughout the breeding
season. There was no serial correlation among the five-
minute instantaneous scans for attendance, begging or
aggression within nests (Durbin-Watson D > DL for all
tests; Montgomery and Peck 1982). Data were pooled
between plots for all subsequent analyses. Means are re-
ported ±1 SE and P-values 

 

≤0.05 are considered signifi-
cant, although actual P-values are reported throughout.

RESULTS

The mean (±1 SE) age of the alpha
chicks at the start and end of the collection
of behavioral data was 5.8 ± 1.0 days and 41.8
± 1.3 days, respectively. Parent and chick
feeding rates were strongly correlated (r =
0.88) and decreased linearly with chick age
(Fig. 1), but neither were significantly affect-
ed by parent age or its interaction with chick
age (P > 0.10 for each). Direct feeds were
never observed when chicks were <11 d of
age and indirect feeds were rarely observed
after chicks were >15 d of age (Fig. 2). Paren-
tal attendance (Fig. 3), chick begging (Fig.
4) and chick aggression (Fig. 4) initially in-
creased with chick age but subsequently de-
creased after 20-25 d post-hatching. Neither
parental attendance nor chick begging was
affected by parent age or its interaction with
chick age (P > 0.17 for each). Chick aggres-
sion was significantly (F 1,100 = 8.3, P = 0.005)
higher in nests with two adult parents (0.53
± 0.09) compared to nests with at least one
juvenile parent (0.05 ± 0.14).

DISCUSSION

Chick age was related to each of the five
behaviors we measured although effects var-
ied and were linear and negative for adult
and chick feeding but nonlinear for parental
attendance, chick aggression and chick beg-
ging. We suggest that the effects of chick age
that we observed were related to develop-
mental changes in chicks that occurred be-
tween three and four weeks post-hatching
when Brown Pelican chicks achieve ther-

moregulatory abilities (Bartholomew and
Dawson 1954). They also become more mo-
bile at this age and can leave the nest and
shade themselves in nearby vegetation rath-
er than relying solely on parents for thermal
protection (pers. obs.). The shifts from in-
creasing to decreasing rates of parental at-
tendance, chick begging, chick aggression
and indirect feeding events that we observed
approximately three weeks post-hatching ap-
peared, therefore, to coincide with the time
period when these developmental changes
occur in pelican chicks. The shift to declin-
ing parental attendance at approximately
three weeks post-hatching was one of the
stronger patterns we observed. For example,
when chicks were <20 d, nest attendance
rates were equivalent to having one parent

Figure 1. Mean (±1 SE) count of feeds by parents and
mean (±1 SE) count of feeds by chicks in relation to
chick age during three-hour observation periods of
nests of Brown Pelicans at Crab Bank, South Carolina,
June-July 2006. 
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on the nest 100% of the time during the
three-hour observation period and an addi-
tional parent on the nest approximately 19%
of the time. Beyond 20 d post-hatching, at-
tendance rates were equivalent to having
one parent on the nest 90% of the time but
never having two parents present. Parental
attendance also decreases with chick age in
White Pelicans (Schaller 1964) and North-
ern Gannets (Morus bassanus) (Lewis et al.
2004), both of which attain the ability to
thermoregulate at approximately one
month of age.

Why feeding rate decreased with chick
age in our data is unclear. The trend is not
uncommon within either the order (Schaller
1964; Montevecchi et al. 1984) or the species
(Pinson and Drummond 1993). Begging de-
clined with chick age after about 25 days.
Possibly, meal sizes may have increased and
that may have compensated for a decrease in
feeding frequency. Unfortunately, we were
not able to measure meal size during this
study. The decrease in aggression that we ob-
served may have occurred because chicks be-
gan to spend more time away from the nest
once they became mobile (i.e. 3-4 weeks post
hatching). The lower rates of aggression in
nests with juvenile parents was likely due to
the fact that juvenile parents during this
study always had just one chick and we rarely
observed aggression being directed at indi-
viduals other than nest-mates.

Figure 2. Proportion of chick feeding events classified
as indirect or direct for Brown Pelican broods at Crab
Bank, South Carolina, June-July 2006. Number of ob-
served feeding events appears above bars.

Figure 3. Index of parental attendance per three-hour
observation period in relation to chick age at nests of
Brown Pelicans at Crab Bank, South Carolina, June -
July 2006. Calculation of the index of parental atten-
dance is described in Methods; maximum value = 72.

Figure 4. The relationship between chick age (days) and
the mean (±1 SE) count of five-minute observation in-
tervals during three-hour observation periods in which
begging or aggression were observed by at least one
chick within a nest for Brown Pelicans nesting at Crab
Bank, South Carolina, June-July 2006. 
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Direct and Indirect Feeding

Pinson and Drummond (1993) hypothe-
sized that, in accordance with the prey-size
hypothesis (Mock 1985), aggression, beg-
ging and siblicide in Brown Pelican chicks
would be higher when direct feeding was
more common and when food sources could
be monopolized more easily. Pinson and
Drummond (1993) found that direct feed-
ing in pelicans was most common after
chicks reached approximately 20 d of age,
that aggression did not increase during this
same time period (no direct support for the
prey size hypothesis), but that siblicide was
common and that junior chicks suffered
higher mortality than senior chicks (direct
support for the prey size hypothesis). As they
did, we also found a transition from indirect
to direct feeding during the 3-4 weeks post-
hatching but found no increase in sibling ag-
gression or begging during that time period
and did not observe behaviors that led di-
rectly to the death of a sibling. It appears,
however, that we observed lower rates of
chick mortality. In fact, productivity in our
study nests was slightly higher (Sachs 2007)
compared with productivity estimates from
throughout the entire colony in previous
years (Eggert and Jodice 2008), despite 26%
of our study nests being parented by at least
one juvenile. We suggest that favorable con-
ditions for raising young (i.e. adequate food
availability, minimal human disturbance) ex-
isted during our study. We rarely observed
visibly undernourished chicks when collect-
ing growth measures, local food availability
appeared to be enhanced with discarded by-
catch from shrimp trawlers which pelicans
foraged upon regularly (Wickliffe 2008),
and human access to Crab Bank was prohib-
ited prior to and during the breeding season
which likely reduced the level of human dis-
turbance.

The Value of Baseline Measures of Behavior

Variations in behavioral traits (e.g. pa-
rental attendance, feeding rate) within a
population or species are often used as a
means to assess the sensitivity of a popula-

tion to some external stressor such as food
availability (Gill et al. 2002) or human dis-
turbance (Holmes 2007). Our data show
that, for Brown Pelicans in South Carolina,
the use of parent or chick behaviors at the
nest as a sensitivity measure must consider
the age of the chicks. Each of the five behav-
iors we measured varied with chick age and
most experienced some type of shift ap-
proximately three weeks post-hatching.
This was particularly evident in the shift
from indirect to direct feeding and in the
decrease in parental attendance. Hence,
any spatial or temporal comparisons of par-
ent and chick feeding rates, parental atten-
dance and chick aggression or begging
should occur within but not across this ap-
parent age threshold.

ACKNOWLEDGMENTS

This research was supported by a State Wildlife
Grant from the South Carolina Department of Natural
Resources with matching funds provided by the South
Carolina Cooperative Fish and Wildlife Research Unit
and Clemson University. Support was provided by the
South Carolina Cooperative Fish and Wildlife Research
Unit, particularly C. Wakefield. Coastal Expeditions,
Charleston, South Carolina, provided logistical support
through the field season. L. M. F. Eggert contributed ad-
vice and support throughout this research. We thank W.
Bridges, F. Sanders, J. Fleming and two anonymous re-
viewers for comments on the manuscript. The South
Carolina Cooperative Fish and Wildlife Research Unit is
supported by the South Carolina Department of Natu-
ral Resources, Clemson University, the U.S. Fish and
Wildlife Service, and the U.S. Geological Survey.

LITERATURE CITED

Bartholomew, G and W. R. Dawson. 1954. Temperature
regulation in young pelicans herons, and gulls. Ecol-
ogy 35: 466-472.

Blus, L. J., T. G. Lamon and B. S. Neely Jr. 1979. Effects of
organochlorine residues on eggshell thickness, repro-
duction, and population status of Brown Pelicans in
South Carolina and Florida, 1969-1976. Journal of
Pesticide Monitoring 12: 122-184.

Blus, L. J. 1982. Further interpretation of the relation of
organochlorine residues in brown pelican eggs to re-
productive success. Environmental Pollution (Series
A) 28: 15-33.

Blus, L. J. and J. A. Keahey. 1978. Variation in reproduc-
tivity with age in the Brown Pelican. Auk 95: 128-134.

Eggert, L. M. F. and P. G. R. Jodice. 2008. Growth of
Brown Pelican nestlings exposed to sublethal levels of
soft tick infestation. Condor 110: 1-9.

Ferguson, L. M. 2006. Growth and adrenocortical re-
sponse of Brown Pelican nestlings in relation to ecto-
parasite infestation in South Carolina. Unpublished



PELICAN BEHAVIOR 281

M.S. thesis, Clemson University, Clemson, South
Carolina.

Gill, V. A., S. A. Hatch and R. B. Lanctot. 2002. Sensitivity
of breeding parameters to food supply in Black-
legged Kittiwakes Rissa tridactyla. Ibis 144: 268-283.

Holmes, N. D. 2007. Comparing King, Gentoo, and Royal
Penguin responses to pedestrian visitation. Journal of
Wildlife Management 71: 2575-2582.

Jodice, P. G. R., T. Murphy, F. Sanders and L. M. Fergu-
son. 2007. Longterm trends in nest counts of colonial
seabirds in South Carolina, USA. Waterbirds 30: 40-
51.

Lewis, S., K. C. Hamer, L. Money, R. Griffiths, S Wanless
and T. Sherratt. 2004. Brood neglect and contingent
foraging behavior in a pelagic seabird. Behavioral
Ecology and Sociobiology 56: 81-88. 

Mock, D. W. 1985. Siblicidal brood reduction: the prey-
size hypothesis. American Naturalist 125: 327-343.

Montevecchi, W. A., R. E. Ricklefs, I. R. Kirkham and D.
Gabaldon. 1984. Growth energetics of nestling North-
ern Gannets (Sula bassanus). Auk 101: 334-341.

Montgomery, D. C. and E. A. Peck. 1982. Introduction to
linear regression analysis. John Wiley and Sons, Inc.,
New York, New York.

Nelson. B. J. 2005. Pelicans, cormorants, and their rela-
tives. Oxford University Press, Oxford.

Norcross, N. L. and E. G. Bolen. 2002. Effectiveness of
nest treatments on tick infestations in the Eastern
Brown Pelican. Wilson Bulletin 73-78. 

Pinson, D. and H. Drummond. 1993. Brown Pelican sib-
licide and the prey-size hypothesis. Behavioral Ecolo-
gy and Sociobiology 32: 111-118.

Ploger, B. J. 1997. Does brood reduction provide nestling
survivors with a food bonus? Animal Behavior 54:
1063-1076.

Sachs, E. B. 2007. Provisioning and prey quality in Brown
Pelicans in Charleston Harbor, South Carolina. Un-
published M.S. thesis, Clemson University, Clemson,
South Carolina.

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

Schreiber, R. W. 1976. Growth and development of nest-
ling Brown Pelicans. Bird-banding 47: 19-39.

Schreiber, R. W. 1980. Nesting chronology of the Eastern
Brown Pelican. Auk 97: 491-508.

Schreiber R. W., E. A. Schreiber, D. W. Anderson and D.
W. Bradley. 1989. Plumages and molts of Brown Peli-
cans. Contributions in Science, no. 402. Natural His-
tory Museum of Los Angeles County, Los Angeles,
California.

Shields, M. A. 1998. Proximate and ultimate causes of
hatching asynchrony in the Brown Pelican. Unpub-
lished Ph.D. dissertation, North Carolina State Uni-
versity, Raleigh.

Shields, M. A. 2000. Establishment and persistence of
mass hierarchies in broods of the Brown Pelican. Wil-
son Bulletin 112: 187-194.

Shields, M. A. 2002. Brown Pelican (Pelecanus occidenta-
lis). In The Birds of North America, No. 609 (A Poole
and F. Gill, Eds.). The Birds of North America, Inc.
Philadelphia, PA.

Wickliffe, L. 2008. Foraging ecology of seabirds in rela-
tion to shrimp trawler activity. Unpublished M.S. the-
sis, Clemson University, Clemson, South Carolina.


