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Abstract. To explore age-class variation in Brown Pelican (Pelecanus occidentalis) hunt- 
ing success, three behavioral aspects of foraging (dive height, dive angle, and head orien- 
tation) were examined in detail. Adults had greater foraging success than birds in three 
younger age classes. Success improved linearly with age, but was generally lower than re- 
ported in previous studies. Both dive height and dive angle varied significantly as a function 
of age. Adult mean dive height was higher than that of juveniles and first-year birds, but 
did not differ from that of subadults. Adults, subadults, and juveniles relied more on steep 
dive angles and less on flat dive angles than first-year birds. Results indicated a significant 
positive correlation between dive height and dive angle, suggesting that refraction is im- 
portant when birds are hunting prey that are relatively deep in the water. Pelicans appeared 
to minimize surface glare by orientating away from the sun while diving. 

Key words: Brown Pelican; Pelecanus occidentalis; foraging; dzfirential age-class for- 
aging; Florida. 

INTRODUCTION 

In various bird species a high degree of skill is 
necessary to master foraging techniques, which 
often differ among age classes (Recher and Rech- 
er 1969, Groves 1978, Goss-Custard and Durell 
1983, MacLean 1986). This phenomenon, known 
as differential age-class foraging, is widespread 
in pelagic birds (Orians 1969, Dunn 1972, Buck- 
ley and Buckley 1974, Brandt 1984). Young birds 
learn foraging techniques and, in the case of some 
pelagic birds, it is 2 to 3 years before adult levels 
of proficiency are attained (MacLean 1986). Our 
understanding of differential age-class foraging is 
based mainly on correlations between plumage 
indicators of age and various measures of for- 
aging success (Morrison et al. 1978, Burger 1980, 
Greig et al. 1983); current evidence shows that 
foraging success improves with age in most sea- 
birds (see review in Brandt 1984). 

Plunge-divers develop highly skilled foraging 
techniques. In this practice, a bird must contend 
with surface glare, refraction, and other environ- 
mental variables in addition to the evasive tac- 
tics of the prey. Dunn (1972) observed that young 
Sandwich Terns (Sterna sandvicensis) caught prey 
less often than older birds. The greatest difference 
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in foraging success occurred on days when older 
Sandwich Terns dove from significantly greater 
heights than younger birds. Similarly, Buckley 
and Buckley (1974) suggested that adult Royal 
Terns (S. maxima) dove from greater heights 
than juvenile terns. Adult terns also dropped 
fewer prey and dove more often at a perpendic- 
ular angle than did juvenile terns. 

Brown Pelicans (Pelecanus occidentalis) are the 
only plunge-diving member of the family Pele- 
canidae. Several studies have shown that adult 
Brown Pelicans are more successful than juve- 
niles at catching fish (Orians 1969, Schreiber et 
al. 1975, Schnell et al. 1983, Brandt 1984) but 
the reasons for this greater adult success remain 
unclear. Prey-handling skills are commonly pre- 
sumed to account for differences in Brown Pel- 
ican foraging success (Orians 1969). Schnell et 
al. (1983) indicated that gull kleptoparasitism on 
foraging pelicans affects success, while Brandt 
(1984) suggested that superior recognition ofprof- 
itable food patches may influence foraging suc- 
cess. 

The details of Brown Pelican diving tech- 
niques have received little attention. Coblentz 
(1986) found that, relative to juveniles, adults 
more often wheeled in flight preceding a dive 
and then resumed searching. He indicated that 
this may reflect a predive assessment of the prob- 
ability of success by adult pelicans. Allen (1923) 
and Orians (1969) suggested that adult pelicans 
dove from greater heights than juveniles, al- 
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though neither conducted a quantitive assess- 
ment of such differences. 

In addition, dive angle and head orientation 
may play an important role in enhancing visual 
tracking by plunge-divers. Birds must compen- 
sate for reflected light (glare) from the surface 
and refracted light at the air-water interface. Re- 
fraction is reduced as the angle of view ap- 
proaches perpendicular to the surface (Sustare 
1979, Heuvelen 1982). Reflection should be less 
problematic for plunge-divers early and late in 
the day, when the source of light (sun) is at a low 
angle and can be kept to the observer’s back 
(Lythgoe 1979). Dive height may affect the depth 
in the water column a plunge-diver can reach 
(and effectively hunt) and may influence the 
number and diversity of potential prey (Dunn 
1972). 

My study examined differences in plunge-div- 
ing by Brown Pelicans that might explain reasons 
for variation in age-class success. I present data 
on three behavioral aspects of foraging (dive an- 
gle, dive height, and head orientation) by peli- 
cans of four age classes. 

METHODS 

I studied Brown Pelican foraging in August 1985 
and March 1986 at South Jetty Park, Port Ca- 
naveral, Florida (28”24’N, 80”37’W). As many 
as 100 Brown Pelicans loafed on a beach north 
of the channel and fed on fish (mostly mullet, 
family Mugilidae; and menhaden, family Clu- 
peidae) that schooled in the deep water of the 
channel (average depth = 11.3 m). My study area 
included the middle reach of the channel and 
adjacent south-beach area of the Port Canaveral 
harbor. The channel area is sheltered from the 
wind by rock jetties that provided an area of 
consistently calm water even on windy days. 

A total of 970 dives were scored in August 
1985. Observations of dives were made from 
land with 10 x 40 binoculars, and from a dis- 
tance of less than 300 m. Pelicans were classified 
into the following four age-class categories, ac- 
cording to plumage descriptions of Bent (1922) 
Palmer (1962) and R. W. Schreiber (pers. 
comm.): (1) first-year birds (< 12 months) with 
a white belly and uniform light-gray head feath- 
ers; (2) juveniles (12 to ~22 months) with a 
brown-gray mottled head and neck, a blue-gray 
bill, and a gray-brown belly; (3) subadults (22 to 
~40 months) with an overall mottled brown head 

and body; (4) adults (> 36 months) with a black 
belly, and a brown and white neck. 

The outcome of each pelican dive was scored 
using the success criterion of Orians (1969) and 
Schreiber et al. (1975)-a head toss after surfac- 
ing (indicative of swallowing). Unsuccessful birds 
rapidly drain water from their bill and do not 
use head-tossing motions. 

As the bird entered the water I recorded dive 
angle as the angle of the pelican’s head/bill axis 
relative to the water’s surface. These angles were 
measured by sighting through a clear protractor. 
Dives were grouped into dive-angle categories of 
0 to < lo”, 10 to <20”, etc., and midpoints of 
each category (i.e., 5”, 15”, etc.) were used in the 
analyses. 

I visually estimated pelican dive heights using 
the bird’s wing span as a guide (average wingspan 
about 2.0 m; Palmer 1962). Dive heights were 
recorded as the distance above the water (in me- 
ters) from which the bird initiated its downward 
plunge. Dives were assigned to one of the fol- 
lowing height categories: less than 2 m; 2 to ~6 
m;6to<12m;and12to<18m.Nodivesfrom 
18 m or higher were observed. The midpoints 
of each dive height category were used in the 
analyses. 

Dive outcomes and dive heights were tested 
for differences among age classes using a one- 
way analysis of variance (ANOVA, SAS Institute 
1985). Mean dive height and percent success for 
each age class were compared using a Duncan’s 
multiple range test (Freund and Littell 198 1). 
Dive-height frequencies were further compared 
among age classes with a row-by-column mul- 
tiway G-test (BIOM, Rohlf 1982). Dive-angle 
frequencies were also compared, among age 
classes, using the G-test. For row-by-column tests 
of dive angles versus age, dives between 30” and 
60” were pooled because of the small number of 
dives attempted using these angles. Association 
between dive heights and dive angles was as- 
sessed by calculating a Pearson’s product-mo- 
ment correlation coefficient (Y, Sokal and Rohlf 
1981). 

To explore the possible influence of sun po- 
sition and glare, I recorded additional details for 
41 dives in March 1986. I noted the compass 
bearing of the pelican’s head as the bird entered 
the water, as well as the time (to the nearest 5 
min) when the dive took place. Light-meter read- 
ings were taken every hour from 07:OO to 18:00, 
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FIGURE 1. Age-class comparison of dive-angle frequencies for Brown Pelicans. Dive angles (in degrees), with 
midpoints of each category on abscissa. Numbers above the bars represent sample sizes. 

based on local solar time (List 196 l), with a pho- 
tometer (Li-Cor Quantum model Li- 185B). 
Readings were taken 1.5 m from the water’s sur- 
face in units of Lux. I made 10 readings (Y, 15”, 
. . . ) 85”, plus ambient light) at three directions- 
directly toward the sun, directly away from the 
sun, and perpendicular to the sun. The sun’s po- 
sition was located using sunpath-plot diagrams 
(McCluney 1985) along with altitude and azi- 
muth tables (List 1961) for the Port Canaveral 
area. 

The additional data collected in March 1986 
were analyzed as follows. Light-meter readings 
were tested for variation related to time of day 
and percent cloud cover (ANOVA, SAS Institute 
1985). Orientation frequencies were plotted in 
relation to sun position and wind direction. Sun 
position is indicated as 0” and wind direction as 
0” (e.g., a pelican with its bill oriented directly at 
the sun or into the wind would be recorded as 
oriented at 0”). Wind data were collected hourly 
by weather station personnel at Patrick Air Force 
Base, Florida. 

RESULTS 

There was a significant difference among age 
classes for dive success (F3.966 = 4.58, P -c 0.01). 

Overall, adults were more frequently successful 
(14.4%, n = 382) than subadults (11.6%, IZ = 
12 l), juveniles (7.9%, n = 38 l), or first-year birds 
(3.5%, n = 86). When these percentages were 
compared two groups were formed: (1) adults, 
subadults, and juveniles; and (2) juveniles and 
first-year birds. 

Dives tended to be either “steep” (> 60”) or 
“flat” (130"). Few dives (2.2%) were between 30 
and 60”. Dive angles varied as a function of age 
class (G = 120.09, P < 0.01, df = 15; see Table 
1). In tests of differences in dive angle among 
groups, I found that dive-angles of first-year birds 
were significantly different from those of all other 
age classes. No significant difference was dem- 
onstrated between dive angles of juveniles and 
subadults or between subadults and adults. Sta- 
tistical heterogeneity existed, however, when 
considering the three groups (juveniles, sub- 
adults, and adults) simultaneously. Adults, sub- 
adults, and juveniles more often made “steep” 
dives with angles closer to vertical than did first- 
year birds (Fig. 1). These older birds also made 
fewer “flat” dives than first-year birds. 

Dive heights varied as a function of age class 
(F3,966 = 26.77, P < 0.001). First-year pelicans 
dove from an average height of 4.9 m, juveniles 
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TABLE 1. Number of dives attempted at various dive heights and angles (percent of dives for each dive height 
in parentheses). 

DlVt. 
height 

(ml 

Dive angle 

IS” 25 35” 45” 55” 65” 75” 85” Total 

1 
4 
9 

15 

1 
4 
9 

15 

1 
4 
9 

15 

1 
4 
9 

15 

7 (77.7) 
3 (5.2) 

- 
- 

34 (89.5) 
6 (5.4) 

- 
- 

4 (100) 
4 (12.5) 

- 
- 

19 (82.6) 
10 (11.7) 

- 
- 

2 (22.3) - 
21 (36.2) - 

1 (5.9) - 
- - 

2 (5.3) 
33 (30.0) 5 (i.5) 

1 (0.6) 
1 (Y5, - 

6 (18.8) z 
3 (1.8) l(l.8) 

- - 

3(13.0) - 
19 (22.4) 1 (1.2) 

1 (0.6) - 
- - 

Total 89 90 8 

First-year (n = 86) 

1 (1.6) 9 (15.5) 18 (31.0) 
- - - 

Juvenile (n = 381) 
- 2 (5.3) 

44 (40.0) 
- 3 (:8) 38 (22.7) 

- - 

Subadult (n = 121) 
- - - 
- - 15 (46.9) 
- - 8 (14.5) 
- - - 

Adult (n = 382) 
- - 1 (4.3) 
- - 31 (36.5) 
- - 21 (13.5) 
- - 1 (0.8) 
1 12 186 

4 (6.9) 2 $4) 
9 (52.9) 7 (41.20) 
2 (100) - 

19 (17.3) 3 (2.7) 
109 (65.3) 16 (9.6) 
35 (53.0) 30 (45.4) 

4(12.5) 3 (9.4) 
38 (69.1) 7 (12.7) 
19 (63.3) 11 (36.7) 

20 (23.5) 4 (4.7) 
114 (73.1) 20 (12.8) 
49 (41.5) 68 (57.6) 

422 164 

9 (100) 
58 (100) 
17 (100) 
2 (100) 

38 (100) 
110(100) 
167 (100) 
66 (100) 

4 (100) 
32 (100) 
55 (100) 
30 (100) 

23 (100) 
85 (100) 

156 (100) 
118 (100) 

970 

from 7.8 m, subadults from 8.9 m, and adults 
from 9.3 m. When dive height means were com- 
pared three groups were formed: (1) adults and 
subadults; (2) juveniles; and (3) first-year birds. 
Tests of dive height among groups indicated that 
first-year birds dove from heights significantly 
different from older age classes (G = 100.5, P < 
0.01, df = 9). When the three older groups (ju- 
veniles, subadults, and adults) were considered 
simultaneously, significant differences were 
found. Adults and subadults made more dives 
from heights over 12 m than juveniles and first- 
year birds. Adults, subadults, and juveniles made 
more dives from heights 6 to 12 m than did first- 
year birds. First-year birds made more dives from 
heights 2 to 6 m than juveniles, subadults, and 
adults. Adults and subadults made fewer dives 
from low heights (~2 m) than juveniles and first- 
year birds (Fig. 2). 

Success appeared to vary as a function of dive 
angle and dive height, although samples were too 
small for statistical comparison. Dives from more 
vertical angles (> 60”) were more productive than 
dives from all other angles (Table 2). Only one 
successful dive between 30” and 60” was record- 
ed. This may represent a range of dive angles 

where there are unacceptable tradeoffs between 
dive height and refraction. Success was low for 
all birds using angles less than 30”. Dive height 
at which success was greatest varied among age 
classes (Table 3). Adults were consistently suc- 
cessful across a wide range of heights (up to 18 
m), whereas first-year birds were most successful 
from 2 to 6 m, and juveniles and subadults were 
most successful from 6 to 12 m. Adults were 
more successful than all other age classes diving 
from 12 up to 18 m. Success was lowest for all 
birds from heights less than 2 m. 

There was a significant positive correlation (r = 
0.72, P < 0.001, n = 970) of dive height and 
dive angle. As dive heights increased, dive angles 
approached vertical (Table 1). 

Light reflected from the surface varied as a 
function of time (F,5,362 = 6.86, P < 0.001). As 
expected, on clear days there was greater reflec- 
tance when taking measurements in the direction 
of the sun, compared to those obtained perpen- 
dicular or directly away from the sun. Reflected 
light also varied significantly between sunny and 
cloudy days for measurements taken: (1) directly 
toward the sun (F,,,,, = 23.00, P < 0.001); (2) 
perpendicular to sun (F,,70 = 11.78, P < 0.001); 
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FIGURE 2. Age-class comparison of dive-height frequencies for Brown Pelicans. Dive heights (m), with 
midpoints of each category on abscissa. Numbers above the bars represent sample sizes. 

and (3) directly away from the sun (F,,70 = 4.36, 
P < 0.05). Generally, reflectance was lower early 
in the morning and late in the afternoon. On 
cloudy days, the greatest reflectance was found 
from about 11:OO to 13:00 (Solar Time), while 
on clear days, reflectance was relatively high 
throughout most of the day. 

may develop diving skills more slowly than pel- 
icans that plunge-dive exclusively. Prey density 
may affect foraging success (Brandt 1984) but 
that was not measured during this study. 

Pelicans showed a preference for orientating 
away from the sun and wind when diving. The 
mean angle of pelican head orientation relative 
to the sun’s position was 135.6” (SD = 36.1”; Fig. 
3A). The modal bearing was 150”. Similarly, the 
mean angle of pelican head orientation relative 
to wind direction was 127.3” (SD = 41. lo), with 
the mode again being 150” (Fig. 3B). The average 
wind speed during these observations was 13.6 
knots (7.0 m/set), with gusts to 19.1 knots (9.8 
m/set). 

Dive angle varied significantly as a function of 
age. First-year birds used “steep” dive angles 
(more than 60”) and “flat” dive angles (less than 
30”) almost equally, while juveniles used steep 
angles for 77.7%, subadults 86.7%, and adults 
85.1% of their dives. Dive angle influences the 
amount of refraction encountered by a pelican. 
As dive angles approach the horizontal, the dif- 
ference between the dive angle and refracted an- 
gle increases (Fig. 4). This “refractive error” is 
caused by the reduction in the speed of light as 
it enters a denser medium (water) and can be 
calculated using a variation of Snell’s Law 
(Huevelen 1982): 

DISCUSSION n,sin(90” - 0,) = n,sin(90” - 0,) 

The adult pelicans in this study had higher for- 
aging success than the birds of other age classes. 
Success improved linearly with age, but it was 
generally lower than has been reported previ- 
ously (Orians 1969, Schnell et al. 1983, Brandt 
1984). This difference between studies may have 
been due to prey size and hunting conditions. 
Pelicans in my study fed in deeper water and on 
larger prey than noted in the investigations by 
Schnell et al. (1983) and Brandt (1984). Hunting 
large prey may have reduced diving success but 
increased yield per catch. Pelicans also supple- 
mented their diet by feeding on offal thrown from 
commercial fishing boats. Schreiber et al. (1975) 
suggested that hunger may affect the diving pro- 
cess. Pelicans that rely partially on scavenging 

TABLE 2. Comparison among age classes of 102 suc- 
cessful dives as a function of dive angle. 

Dive 
angle First-year 

Age class’ 
Juvenile Subadult Adult 

15” 
25” l(33.3) 6 (20.0) 

2 (14.3) 6 (10.9) 
- 5 (9.1) 

35” - 1 (3.3) - - 
45” - - - - 

55” 
65” l(33.3) 6 (20.0) 5 (35.7) ll(20.0) 
75 1 (33.3) 11 (36.7) 4 (28.6) 18 (32.7) 
85” - 6 (20.0) 3 (21.4) 15 (27.3) 

Total 3 (100) 30(100) 14(100) 55 (100) 
a Number of successful dives, with percent of total successful dives for 

particular age class in parentheses. 
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TABLE 3. Comparison among age classes of 102 suc- 
cessful dives as a function of dive height. 

Dive 
height 

Cm) First-war Adult 

1 
(66.7) 1 i &?‘,, 

2 (14.3) 6 (10.9) 
4 2 4 (28.6) 17 (30.9) 
9 1 (33.3) 12 (40.0) 7 (50.0) 16 (29.0) 

15 - 6 (20.0) 1 (7.1) 16 (29.1) 
Total 3 (100) 30(100) 14 (100) 55 (100) 

= Number of successful dives, wth percent of total successful dives for 
particular age class in parentheses. 

where IZ, is the refractive index of the first me- 
dium (in this case air; II, = l.OO), 0, is the dive 
angle relative to the water’s surface, n2 is the 
refractive index of the second medium (seawater; 
n, = 1.34, Sverdrup et al. 1942) and 8, is the 
refracted angle relative to the water’s surface (Fig. 
4). If pelicans sight along their bills, as Schreiber 
et al. (1975) suggested, then flatter dive angles 
require pelicans to compensate for prey that are 
actually located higher above the line of sight; 
that is, prey are not as deep as they appear (Sus- 
tare 1979). The flatter the dive, the greater will 
be the displacement effect (Fig. 4). The correction 
necessary for such flat dives may well contribute 
to the low success rate of inexperienced birds. 

Use of steeper dive angles should improve the 
probability of success in at least two ways. First, 
a vertical-diving pelican simply reduces its re- 
fractive error and improves the accuracy of its 
line-of-sight aim. Second, the importance of 
judging prey depth is reduced because prey will 
be located in the chosen water column, thus in- 
creasing the chance of encounter automatically. 
Dunn (1972) suggested that Sandwich Terns have 
difficulty judging the position of a deep-swim- 
ming prey because of refraction problems, al- 
though she did not record the dive angles used 
by terns. Buckley and Buckley (1974) noted that 
adult Royal Terns dive more nearly vertical than 
juveniles. The fact that, in my study, dive angles 
approached 90” as dive height increased suggests 
that minimizing refraction is important for pel- 
icans hunting deep-swimming fish. 

When prey are at or near the surface, however, 
pelicans may benefit by switching to relatively 
flat dive angles. These angles will increase the 
horizontal volume of water a bird samples. Re- 
fractive error is relatively small hunting shallow 
prey and a bird may do better by increasing its 
horizontal sampling area. 

A. SUN B. WIND 

10 

5 

FIGURE 3. (A) Circular histogram indicating head 
orientation (in degrees) of pelicans, during dives rela- 
tive to position of sun (sun position = 0”). (B) Histo- 
gram showing head orientation (in degrees) of pelicans, 
during dives relative to wind direction (wind direction 
from 0”). Numbers adjacent to vertical axes indicate 
sample size. 

Dive height increased as a function of age for 
Brown Pelicans. Average dive height nearly dou- 
bled, increasing by 4.4 m across the four age 
classes. Dive height has been suggested to be a 
function of prey depth (Bent 1922, Palmer 1962, 
Dunn 1972, Schreiber et al. 1975). Increasing 
dive height can increase the air speed of the bird 
as it reaches the surface, thus enabling it to dive 
deeper and, potentially, reach a greater diversity 
of prey or number of prey. Pelicans have been 
observed diving from up to 20 m (Murphy 1936). 
Only 19 (22.1%) of the dives by first-year birds 
were from heights over 6 m and, of these, only 
two were greater than 12 m. By contrast, older 
birds predominately used the greater heights. For 
example, 7 1.7% of adults’ dives were from heights 
greater than 6 m and 30.9% were from above 12 
m. The gradual development of these “high-dive” 
skills may be necessary to avoid possible injury 
during surface impact, to acquire the ability to 
correct for slight dive errors (e.g., problems in 
tracking a moving prey item), and to economize 
on the energetic costs of gaining altitude (espe- 
cially on windy days). By using greater dive height, 
an experienced bird may be able to increase its 
surface sampling area, locate prey more easily, 
and exploit profitable prey not readily available 
to birds with lesser skills. 

Head orientation can influence the amount of 
reflected light (glare) and quality ofvision aquatic 
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FIGURE 4. Refracted angles (in degrees, relative to water surface) of prey image as would be viewed by a 
diving pelican. Equation from Huevelen (1982) based on 1.34 refractive index of seawater (at 20”; Sverdrup et 
al. 1942). Inset shows actual position of prey (solid circle) and position of prey image due to refraction. 

birds encounter on sunny days. Buckley and 
Buckley (1974) suggested that adult Royal Terns 
hunt early or late in the day in order to reduce 
glare. Krebs and Partridge (1973) observed that 
Great Blue Herons (Am&z hevodias) often used 
“head tilting” movements when hunting on sun- 
ny days and showed that a heron could avoid 
glare by keeping the back of its head toward the 
sun. 

Brown Pelicans must also contend with highly 
variable amounts of reflected light from the sur- 
face depending on time of day and amount of 
cloud cover. Potentially, glare could become mo- 
mentarily disabling on sunny days if a pelican 
faced the sun directly, especially from a flat dive 
angle. Lythgoe (1979) suggested that visual im- 

age quality is maximized when viewed with the 
source of light directly behind the observer. The 
pelicans I observed diving in March 1986 showed 
a preference for head orientation that minimized 
reflected light by facing away from the sun (Fig. 
3A). Orientation may be less important on cloudy 
days because reflected light levels are lower. 

Wind conditions also may be an important 
environmental variable for diving pelicans. A 
tailwind will increase ground speed (Schnell and 
Hellack 1978), possibly enough that a pelican 
would gain the momentum necessary to reach 
deeper prey from a lower dive height. Bent (1922) 
and Murphy (1936) reported that pelicans usu- 
ally dive downwind. The head-orientation fre- 
quencies presented here likewise reflect a pref- 
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erence for facing downwind when diving (Fig. 
3B). Thus, pelicans may react to sun position 
and wind direction in parallel. These observa- 
tions may be an artifact of small sample size but, 
on the other hand, suggest that Brown Pelicans 
actively select conditions in which they forage. 
The effects of weather on foraging success have 
been demonstrated for several avian species 
(Grubb 1977, Bovino and Burtt 1979, Quinney 
and Smith 1980). The relationship of sun posi- 
tion, wind direction, and pelican foraging needs 
further study. 

Brown Pelican diving skills improve by the 
time a bird reaches the juvenile stage, but fine 
tuning may require at least two more years. Im- 
provement appears as a trend in the use ofgreater 
dive heights and steeper dive angles by older 
birds. This positive association between age and 
diving skills (which ultimately affect foraging 
success) may result from involvement of a com- 
bination of factors such as light physics, weather, 
neurological control, and learning. It is likely that 
first-year birds-lacking experience with chang- 
ing marine conditions and perhaps not having 
developed the requisite neurological coordina- 
tion for using high dives or steep angles-are 
effectively restricted in choice of foraging times, 
as well as to prey located relatively near the sur- 
face. On the other hand, juveniles and subadults 
probably are able to exploit deeper prey under a 
wide variety of conditions, though perhaps not 
so efficiently as adults. 
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