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ABSTRACT. - In the Southern California Bight (SCB), Brown Pelican (P&anus 
occidentalis californicus) breeding populations were apparently historically stable. 
They are again increasing after pollution-related declines in the late 1960’s and 
early 1970’s. This increase has been bolstered by recruitment into the breeding 
population of pelicans fledged outside the SCB area, but populations did not 
increase significantly until after improvements in reproduction of the SCB pop- 
ulation itself. Nesting chronology is apparently related to food availability. Early- 
nesting, whether at Anacapa Island or Islas Los Coronados, usually confers a 
reproductive advantage. This advantage varies at each location; breeding popu- 
lations reassort each year, apparently in response to variable food supplies. Shifting 
between two major breeding colonies in the SCB is apparently a response to a 
changing food supply distribution. Annual variations in normal (as opposed to 
pollution-affected) breeding population size result partly from changing propor- 
tions of the available adult population that actually breeds. 

Ornithologists continue to study the factors 
associated with reproduction and survival in 
different bird species, in different environ- 
ments and at different times (see Ricklefs 1977). 
When populations are declining, improve- 
ments in reproduction, survival, or both, can 
be adequate for population recovery (see 
Goodman 1980). Although variations in mor- 
tality need to be understood, maximum pro- 
duction of young is still critical for population 
maintenance or increase, especially in envi- 
ronments where the food supply is highly mo- 
bile and varies somewhat unpredictably in 
availability (Cody 197 1). 

Pollutant-related reproductive problems for 
California Brown Pelicans (Pelecanus occiden- 
talis californicus) in the Southern California 
Bight (SCB) (reviewed below) and elsewhere 
in the Brown Pelican range (see Schreiber and 
Risebrough 1972, Schreiber 1980a), in the de- 
cade of the early-1960’s to early-1970’s, have 
clouded the understanding of changes of status 
in SCB pelican populations. However, unnat- 
ural catastrophies can provide a setting where- 
by the processes of population change and 
maintenance might be examined in different 
parts of a species’ range. 

Here, our objectives are threefold: (1) to 
briefly review recent status changes of SCB 
pelican populations, (2) to present more de- 
tailed information on Brown Pelican demog- 
raphy (and as a comparison, similar data on 
Double-crested Cormorants, Phalacrocorax 
auritus) over the most recent decade or so 
(1969-1980) and (3) to evaluate changes in 

numbers and distribution and their dynamics 
in the SCB. 

STUDY SITES AND METHODS 

Data we discuss here were accumulated over 
12 years of field work on breeding populations 
in the northern part of the breeding range of 
the California Brown Pelican. The major 
breeding colonies (after the definition of “col- 
ony” by Gochfeld 1980) of this population 
occurred on West Anacapa Island and Isla 
Coronado Norte located in the Southern Cal- 
ifornia Bight (see Southern California Coastal 
Water Research Project 1973 for a definition 
of the SCB) (Fig. 1). Other islands in the SCB 
area were surveyed each year, or their status 
reported to us by cooperators, so that we are 
certain no colonies were omitted from our 
analysis. 

Breeding pelicans were observed by D.W.A. 
or F.G. on four to six visits per breeding sea- 
son, each visit lasting from one to seven days. 
At the conclusion of each breeding effort for 
synchronous units within each colony, or at 
the termination of breeding for the entire col- 
ony, samples of young were banded and color- 
marked, addled eggs and broken eggshells col- 
lected for pollutant analyses, conditions of 
young determined, carcasses counted and 
sometimes collected, and regurgitations ex- 
amined and sometimes collected. Aerial pop- 
ulation surveys were conducted in 1972 by 
D.W.A. and 1979-l 980 by F.G. Statistical tests 
used here are described by Sokal and Rohlf 
(1969). 
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FIGURE 1. Map of Brown Pelican breeding colonies in 
the Southern California Bight off southern California and 
northwestern Baja California, showing all colonies known 
to have recently contained nests (thick, short arrows). Pel- 
icans did not nest at Santa Barbara Island (SBI) since at 
least the 1960’s, but they did so again in 1980 (Gress et 
al., unpubl. data). Pelicans have not nested at Islas Todos 
Santos since about the 1920’s (Jehl 1973); the colony at 
Isla San Martin has recently been extirpated (Anderson 
and Keith 1980). Only Isla Coronado Norte (there was 
also a small colony at Isla Coronado Sur in 1969 only, 
Jehl 1973) and West Anacapa Island have consistently 
had colonies since 1969. Years below each location in- 
dicate when pelicans nested. The generalized California 
Current patterns (Oceanic Period) are only shown crudely 
(thin arrows) since they vary considerably. Later in the 
season, north-moving currents become stronger along the 
coast (Davidson Current). The patterns shown here were 
determined from Ried et al. (1958) Jones (197 l), and 
Briggs et al. (198 1). Black shapes denote urban areas. 

Human disturbances can drastically affect 
reproduction (Schreiber 1979, Anderson and 
Keith 1980); therefore we took care to avoid 
disturbing nesting pelicans. Observations were 
conducted from a boat or from various vantage 
points near the pelican colonies. Colonies were 
never entered until they were abandoned or 
until the smallest young present were at least 
three weeks of age. Occasionally, while large 
young were present, a few nests contained eggs, 
but these “late eggs” were usually found to be 
addled. The actual breeding places changed 
considerably on West Anacapa Island and less 
so on Isla Coronado Norte from year-to-year; 
observation points and survey techniques were 
shifted accordingly. 

At each visit to the islands and at various 
times of the day, age-classes were identified for 
nesting and nearby-roosting pelicans. Pelican 
age-classes are generally identifiable through 

plumage characteristics; five such age-classes 
are describable (Anderson, unpubl. data). For 
purposes of our discussion here, these are com- 
bined into three categories: fledged young-of- 
the-year (YY) (three to six months of age), sub- 
adult plumages (variable but retained for up 
to four years), and full adult plumage (attained 
between three to five years of age). Often the 
young that had fledged from the Gulf of Cal- 
ifornia colonies were present at West Anacapa 
or Coronado Norte long before any locally- 
produced young were ready to fledge (deter- 
mined from sightings of young pelicans color- 
marked in the Gulf of California, see Anderson 
et al. 1977a). More detail on our field tech- 
niques and activities can be obtained from 
Gress (1970) Anderson et al. (1975) Ander- 
son et al. (1977b), and Anderson et al. (1982). 

RESULTS 

HISTORICAL ACCOUNTS OF POPULATIONS 

Historical accounts of Brown Pelican breeding 
at Anacapa Island (Grinnell and Miller 1944, 
Gress 1970, Anderson and Hickey 1970, Gress 
and Anderson 1982) suggest long-term oscil- 
lations in breeding efforts (a phenomenon not 
unusual even within the center of the range of 
the California Brown Pelican; Anderson 1973, 
Keith 1978, Anderson and Keith 1980). Pel- 
ican breeding populations at Islas Los Coro- 
nados probably also fluctuated similarly, but 
fewer historical data are available (Jehl 1973, 
1977). 

Pelicans have certainly bred for a long time 
at Anacapa Island (and most probably at Los 
Coronados), for the Native American Chu- 
mash named the island chain “Pi awa phew” 
(=“house ofthe pelican”; Applegate 1975). Al- 
though pelican remains are fairly common at 
midden sites, there is no evidence that young 
pelicans and other seabirds were harvested for 
food (see Guthrie 1980). Brown Pelicans for- 
merly bred as far north-as Carmel Bay, Cali- 
fornia, but apparently only during oscillating 
periods of oceanic warm-up (Baldridge 1974, 
Anderson and Anderson 1976). On a long-term 
(decadal-plus) basis, West Anacapa Island and 
Isla Coronado Norte remain the “traditional” 
sites for Brown Pelican breeding colonies in 
the SCB area. 

Historical data (i.e., before 1969) are scant 
and imprecise, but maximum historical pop- 
ulations were higher previously than they have 
been recently. Numbers at the Anacapa Islands 
were perhaps 2,500 pairs (see Anderson and 
Anderson 1976) and around 1,500 pairs at Los 
Coronados (Anderson and Hickey 1970, Jehl 
197.5). Several other islands off southern Cal- 
ifornia have also had nesting Brown Pelicans 
in the past (see Gress 1970, Gress and Ander- 
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TABLE 1. Yearly mean population data for Brown Pelicans nesting in the Anacapa Island area and on Isla Coronado 
Norte, and for Double-crested Cormorants nesting on West Anacapa Island, 1969 through 1980. 

Est. no. 
pairs 
(E)a 

Brown Pelicans Doubled-crested Cormorants 

Anacapa area Coronado None Anacapa area only 

No. yng. Est. no. No. yng. Est. no. 
fledged 

No. yng. 
Productiwty 

(F? 
pa1I.s fledged Productiwty 

W’ 
pa,rs fledged Productivity 

WY) (E)B WY) (E) WY) (Rb.’ 

1969 750 4 0.005 3756 0 0 76 0 0 
1970 552 1 0.002 175 4 0.02 50 3 0.06 
1971 540 7 0.013 110 35 0.32 48 0 0 
1972? 261 51 0.22 250 150 0.60 26 9 0.35 
1973 247 34 0.14 350 100 0.29 16 3+c 0.19+ 
1974 416 305 0.73 870 880 1.01 29 l+’ 0.03+ 
1975“ 292 256 0.88 339 407 1.20 3 3 1.00 
1976 417 219 0.67 473 487 1.01 7 2+ 0.29+ 
19771 76 39 0.51 263 216 0.82 15 18+c 1.20+ 
1978’ 210 37 0.18 265 62 0.23 34 49 1.44 
1979’ 1,258 980 0.78 960 920 0.96 66 38 0.58 
1980’ 2,244 1,515 0.68 758 350 0.46 78 36 0.46 

a Our estimates here represent a compromise between maximum numbers present, numbers of nests constructed, reproductive behavior, and appearances 
of secondary sexual characteristics. 

b These data are expressed as number of young fledged per pax (= F). Data for 1969-1974 are from Anderson et al. (1975) and Anderson and Anderson 
(1976). 

’ Data from 1969-1972 are from Gress et al. (1973). After 1972, to avoid disturbances, one to three nests were not examined. Therefore, F-values in those 
years are munmal, but nearly accurate. 

d Includes Coronado SW (Jehl 1973). 
‘Nesting at Scorpion Rock is included: 1972 (I I2 nests, 31 young), 1974 (105 nests, 75 young), and 1975 
’ From Cress et al. (unpubl.); 1980 data include nesting on Santa Barbara Island (97 nests, 77 young). 

(80 nests, 74 young). 

son 1982; Fig. l), but during the study period 
reported here we have seen colonies at only 
two other places: Scorpion Rock (1972-1973, 
1975) and Santa Barbara Island (1980). Scor- 
pion Rock is near Scorpion Anchorage, Santa 
Cruz Island, about 10 km from West Anacapa 
and Santa Barbara Island is about 70 km 
southeast. A more detailed historical review is 
given by Gress and Anderson (in press). 

PERTURBATIONS FROM POLLUTION 

After about 1968 (earlier data are not avail- 
able, see Anderson and Risebrough 1976) 
DDE contamination of the SCB became great 
enough to disrupt natural population variation 
of Brown Pelicans; a population decline re- 
sulted mainly through reductions in fledging 
rates (F) (Jehl 1973, Anderson et al. 1975, An- 
derson and Anderson 1976). The decline in 
the late 1960’s may also have involved some 
increases in adult mortality rates from direct 
poisoning (see data in Keith et al. 1971). The 
effects of pollution, however, were not a species- 
specific phenomenon involving only pelicans; 
other wildlife species were also affected (see 
Anderson and Risebrough 1976). Double- 
crested Cormorants (often nesting among pel- 
icans at both West Anacapa and Coronado 
Norte), in particular, declined as a result of 
pollution (Gress et al. 1973). Certainly in the 
mid- 1960’s and early 1970’s natural ecological 
relationships in the SCB were seriously dis- 
rupted (see Table 1 for the resultant poor fledg- 
ing rates of Brown Pelicans). After a decline 
in DDT-related pollution by 1972, both peli- 
cans and cormorants improved in fledging rates 

(see Anderson et al. 1975, 1977b, Gress et al. 
1973) peaking for Brown Pelicans in 1975 at 
both islands, and highest for cormorants on 
West Anacapa in 1978. Since 1972 both species 
have assumed independent patterns in fledging 
rates (Table 1; r = -0.210, P > 0.10, com- 
parable data from Los Coronados regarding 
cormorants are not available). Brown Pelican 
fledging rates in the SCB have been closely 
associated with stocks of northern anchovies 
(Engraulis mordax) since about 1974 (Ander- 
son et al. 1980, 1982). 

RECENT STATUS 

Breeding populations (estimated number of 
pairs) of Brown Pelicans off southern Califor- 
nia declined from 1969 through 1973, in- 
creased in 1974, continued to decline through 
1977, and began increasing again through 1980. 
Simultaneous trends were apparent at both 
West Anacapa Island (a) and Isla Coronado 
Norte (c) (Table 1 presents data through 1980). 
The numbers of breeding pairs each year at 
both islands are significantly correlated (r = 
0.590, P < 0.05), and their trends are similar. 
A chi-square test (=3.6) comparing the two 
colonies in increases and decreases and assum- 
ing equal proportions of all possibilities, was 
significant at P = 0.06. This suggests that 
whatever controls breeding effort (the numbers 
of pairs attempting to breed) operates similarly 
in direction and intensity each year at each of 
these two colonies (i.e., it represents an im- 
precise, regional effect). Yet, in any given year, 
we assume that each colony essentially rep- 
resents an independent, local response once 
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FIGURE 2. Changes between 1969 and 1980 in the rel- 
ative proportions of breeding pairs of Brown Pelicans at 
the two major colony areas in the Southern California 
Bight. Scorpion Rock (1972, 1974-l 975) and Santa Bar- 
bara Island (1980 only) are included with West Anacapa 
Island because of their proximity. Data are represented as 
follows: closed circles = Anacapa area, open circles = 
Coronados. Arrows mark years of greater abundance and 
density of anchovies: above the zero-deviation line, near 
Coronado Norte; below the line, near Anacapa Islands. 
The line is drawn by eye and smoothed to illustrate the 
changes at Anacapa Island. A “runs test” at P = 0.05 in- 
dicated significantly alternating sequences of dominance 
or periods of “runs” at one colony or the other. 

the breeding effort is established, because of 
limitations in foraging range (the precise dis- 
tances remain unknown, but see Anderson et 
al. 1982). The idea that events are not constant 
near either island is illustrated by: (1) a shifting 
of breeding effort between the two colonies 
(Fig. 2) and (2) high overall coefficients of 
variation (CVs) in numbers of breeders at both 
colonies (CV, = 71%; CV,. = 68%). West An- 
acapa Island had the larger populations from 
1969 through 1972 and again in 1979 and 1980 
(Fig. 2). 

There is little doubt that both Brown Pelican 
and Double-crested Cormorant populations 
began to increase about 1973 and later (Table 
1, Fig. 3) assuming improved reproduction 
represents the beginning of such increases. High 
breeding populations of pelicans in 1979 and 
1980 were likely increased by the expected re- 
cruitment from improved productivity start- 
ingin 1974-l 975, reflected through a probable 
time-lag until breeding maturity (Fig. 3) (see 
also Blus and Keahey 1978). Data relating 
breeding populations to total associated adult 
populations are meager, but they suggest only 
weak relationships between the two (Table 2); 
furthermore, the same data suggest that vary- 
ing proportions of potential breeders present 
in the SCB, actually attempt to breed each year 
(such data also emphasize the need for ade- 
quate, independent, population ‘estimates in 
conjunction with breeding colony censuses to 
evaluate population status). 
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FIGURE 3. Comparisons between breeding adults at 
Anacapa plus Coronados, from 1973 through 1980 (open 
circles), and winter population indices (includes young) 
from Christmas Bird Counts (closed circles) (see Anderson 
and Anderson 1976). The left side of the graph represents 
a condensation of time from 1949 through 1974, showing 
the population decline actually predicted from the popu- 
lation indices (H4) and two hypothetical declines assuming 
adult mortality rates of 10% (H 10) and 15% (H 15). All 
assume zero or near-zero production of young from at 
least the mid-1960s through the early 1970s as was gen- 
erally observed for that period (Anderson et al. 1975). The 
“lag time” represents the period between first-observed 
high production of young pelicans (1974-1975) and the 
increase in the breeding population actually observed. (It 
may represent the mean age to breeding maturity in this 
population, with possible variation on either end.) 

AGE STRUCTURE IN AND NEAR 
THE ANACAPA COLONIES 

It is difficult to interpret age-ratios, but some 
patterns were apparent. Early in the breeding 
season, proportions of younger-than-adult 
plumaged pelicans varied considerably in and 
near the colony sites from year-to-year (l-20% 
younger than adult within the nesting colonies 
and 2-62% in the peripheral areas nearby) (Ta- 
ble 3). Proportions of younger age pelicans also 
increased later in the breeding season in the 
colony area as adults abandoned their nests 
(Table 3) although some normal increase 
would be expected (see Knopf 1979). None of 
those “young” discussed here includes those 
produced on Anacapa that same year, and pro- 
portions of young as high as we observed for 
several years (Table 3) are unusual for Brown 
Pelican colonies (see Blus and Keahey 1978 
and Schreiber 1979). Younger age-class peli- 
cans tended to be more numerous in and near 
colony areas j ust after or when no or few young 
were actually raised on Anacapa. These are 
years that followed periods of negligible pro- 
ductivity, at least as early as 1968 (Schreiber 
and DeLong 1969) and through 1973 (Ander- 
son et al. 1975). Later-season increases of adults 
and young in the same areas are perhaps more 
typical and representative of post-breeding in- 
creases of non-resident Brown Pelicans (see 
Anderson and Anderson 1976, Briggs et al. 
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TABLE 2. Comparisons between some estimates of 
Brown Pelican populations in the Southern California Bight 
(SCB), where data were available.d 

Estimated populations 

Potential breeders TOtalS 

Nesting 

RaWX 

YCU (4 SCB(A) SCB(T) N/A A/T 

1912 1,220 3,800 5,200 0.32 0.73 
1975 1,260 3,840 6,000 0.33 0.64 
1976 1,780 4,760 7,000 0.37 0.68 
1977 680 3,500 5,000 0.19 0.70 
1979 4,440 6,450 7,500 0.69 0.86 

CV” 79% 27% 18% - - 

” “SCB(A)” represents adult-plumaged birds, “SCB(T)” represents tolal pel- 
ram censused. Data from 1975 through 1977 are from Briggs et al. (1981) 
and they represent values estimated from their Figures 6 (counts in May and 
June) and 7 (age ratms m March). 1972 and 1979 data were gathered specif- 
ically for Brown P&can population a~~ewncn~, and are therefore the most 
comparable. 

h CV = coefficient of variation. 

198 1). It is notable that late in the 1976 breed- 
ing season pelicans nearly abandoned the An- 
acapa nesting colony and the entire island (Ta- 
ble 3). 

IMMIGRATION AND MORTALITY 

Simple calculations suggest that the population 
levels at breeding colonies in 1979 are not sole- 
ly attributable to fledging rates since 1974 
(Brown Pelicans reach maturity at about three 
to five years of age, see also Blus and Keahey 
1978 and our Fig. 3). We therefore hypothesize 
that recruitment of breeding populations is 
augmented by outside sources. Outside re- 
cruitment in the SCB is suggested by sightings 
of marked or banded birds (Anderson, unpubl. 
data) and by the presence of younger age-class 
pelicans in and near the Anacapa colonies (pre- 
vious section) when the colonies were known 
to have previously failed. 

Outside recruitment is expected to be high 
in a situation of pollution-disruption such as 
we observed in the late 1960’s and early 1970’s 
with such extremely poor fledging rates for a 
long period of time, coupled with the presence 
of non-resident pelicans for a substantial pe- 
riod each season (four or more months per 
year; Briggs et al. 198 1). High outside recruit- 
ment has also been suggested from banding data 
of Great Lakes populations of Herring Gulls 
(Lams argentatus), also known to be highly 
contaminated by organochlorines (see Gilman 
et al. 1977). 

Mortality rates for adult Brown Pelicans are 
not yet well-documented, although Henny 
(1972) has attempted estimations (not agreed 
upon by Schreiber 1979). Until more data be- 
come available, we explore two different adult 
mortality rates: 12% (M 1) and 15% (M2). These 
represent hypothetical but logical and reason- 
able adult mortality rates. The low value (M 1) 
is not unreasonable in light of low values re- 
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ported for many other seabirds (Lack 1954, 
1966). Our high value (M2) approaches that 
estimated by Henny (1972) for Brown Pelicans 
(16% based on band recoveries). Pre-adult 
mortality rates are also approximated from 
Henny (1972). Our estimates here are conser- 
vative, and if based only on data from the 
literature or band recovery data, such esti- 
mates would inflate mortality estimates and 
increase the resulting estimates of immigration 
rates. The mortality sequence we use here is 
as follows: first year = 0.50, second year = 
0.25, third year = 0.15, fourth year and be- 
yond, M 1 = 0.12 and M2 = 0.15. Data for the 
period 1974-l 979 are considered. 

Our 1974 starting population estimates were 
projected back from 1975 aerial survey data 
of Briggs et al. (198 l), as those are the most 
complete and accurate population censuses 
available. Confidence intervals on such esti- 
mates unfortunately average 30-50% of the 
mean; nonetheless, the initial population val- 
ues (corrected backward for one year of mor- 
tality) are as follows: Ml = 5450, M2 = 5650. 

The estimates based on M 1 and M2 predict 
that outside recruitment is still significant in 
California, even if one assumes that all capable 
adults bred in 1979. In 1979 we censused a 
minimum of 4,440 adults, the highest number 
found in our studies through that year (Table 
1). Predicted adult numbers under M 1 and M2 
mortality patterns ending in the 1979 breeding 
period, and including the young produced with 
similar mortality patterns, would be 3,270 and 
2,950 respectively. 

REPRODUCTIVE RATES 

Both Schreiber (1979) and Anderson (unpubl. 
data) have noted repeating, maximum fledging 
rates (here defined as young fledged per nest 
attempt, F,,,) of 1.3 to 1.7 (mean about 1.4) 
and long-term means of about 1 .O in two sep- 
arate studies of nearly a decade each outside 
the SCB area. These are higher in all respects 
(F,,, and long-term means) than any similar 
data obtained by us in the SCB. There are few 
historical data for comparison in the northern 
populations of California Brown Pelicans, but 
Williams (193 1) reported 79 young produced 
in 5 5 nests at Point Lobos, Monterey Co., Cal- 
ifornia in 1929 (F,,, = 1.4). 

Rather than use only a mean “recruitment 
standard” as suggested by Henny (1972) we 
assume that the F,,,- values above represent a 
“ceiling level” or potential that should be ex- 
pressed during periods of maximum food 
abundance in each situation. The level of F at 
mean 1974-l 979 anchovy biomass estimates 
in the SCB (see Anderson et al. 1982) is about 
0.83 and the F,,, is 1.04, as represented through 

the two-colony mean (1975) (Table 1). At these 
levels, SCB fledging rates are about 74-83% of 
comparable values reported for other popu- 
lations. The mean F-values are about 7 l-77% 
of their F,,, values. It is not clear, however, 
whether SCB F-values are at pre-pollutant 
levels. If reproduction were unimportant as a 
demographic parameter (see Zwickel 1973) 
then the Brown Pelican populations of the SCB 
should not have begun to increase only after 
improvements in reproduction, although some 
maintenance of the breeding populations 
probably occurred in the “pollution years” 
through immigration (see above section). 

Judging from available data, we believe that 
the reduced reproductive rates of SCB Brown 
Pelicans still represent unnatural factors rather 
than inherently lower mean reproductive rates 
characteristic of a northern population. A 
greater tendency for r-selection might be pre- 
dicted nearer the range periphery if food re- 
sources were more patchy than in central areas, 
or roughly equal if patchiness was equal 
throughout the range (see Horn 1978). Duffy 
(1980) suggested high reproductive rates for 
Peruvian Brown Pelicans, but uneven distri- 
bution in that case is apparently even more 
extreme than in the SCB, resulting also in higher 
adult mortality rates at times of food stress. 
Greater patchiness and variability of food re- 
sources might be expected for the SCB area as 
compared to the Gulf of California, for ex- 
ample, because the SCB is apparently a varying 
zone of overlap between warm-temperate and 
cold-temperate waters (see Hunt et al. 1980, 
Anderson in press). 

NESTING CHRONOLOGY 

From 1970 through 1980, the Brown Pelican 
breeding season (here defined in terms of the 
period of egg-laying) at both island areas fluc- 
tuated considerably from year-to-year, some- 
times beginning as early as December and ex- 
tending into early August (Fig. 4). Egg-laying 
usually occurred within a two to five-month 
period (mean = 3 months) with two or three- 
week peaks. Brown Pelican nesting chronology 
on the East Coast becomes more seasonal with 
increasing latitude (Schreiber 1980b). South- 
ern California somewhat resembles these mid- 
to high-latitude populations in most cases. 
Schreiber (1980b) speculated that pelicans 
probably commence breeding when they are 
sufficiently nourished (proximally related to 
food supply; see also Verbeek 1979). 

DISCUSSION 
With decreases in pollution levels (see Ander- 
son et al. 1975, 1977b), breeding populations 
of Brown Pelicans in the SCB began to in- 
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crease, thanks largely to improvements in 
fledging rates (see also Anderson et al. 1982). 
The substantial breeding population increase 
in 1979 and 1980 may represent improved 
fledging rates since about 1972. All available 
data suggest that pelican populations in the 
SCB area during the breeding season are con- 
tinuing to grow (Fig. 3, Table, 1, Table 2). Had 
pelicans continued to decline in the SCB at the 
rate reported by Anderson and Anderson 
(1976) they would have been extirpated by 
the late 1980’s. Their breeding populations 
have now shown a recovery in less than a de- 
cade. 

If adult mortality has been no less than that 
estimated in the two mortality patterns used 
by us (M 1 and M2), populations would still be 
declining if balanced by SCB fledging rates only. 
Our calculations suggest that an average of 
about 46 new adults (16% by M 1) or 128 adults 
(34% by M2) immigrated each year during the 
period 1974-l 979. The only way populations 
might have either maintained equilibrium or 
increased on the basis of their own reproduc- 
tion would have been if mortality rates were 
heavily compensatory, or density-dependent, 
relative to mortality rates reported for other 
populations of Brown Pelicans. Yet, adult 
mortality rates increased during the “pollution 
years” (see Keith et al. 197 1). 

From 1972 through 1974, nesting success of 
pelicans on San Martin Island was poor (An- 
derson and Keith 1980; Fig. l), and subse- 
quently not successful at least through 1980 
(Anderson, unpubl. data); failure was likely due 
to disturbances (Anderson and Keith 1980). 
Although there were no marked pelicans from 
this island, we suggest that these pelicans could 
be one source of “new” breeders in the SCB 
(as well as newly-recruited younger birds, see 
earlier discussion). The SCB recovery would 
therefore appear better than it really is. The 
unusually high proportions of younger age-class 
pelicans at Anacapa nesting sites and the late- 
season decreases in proportions of adults in 
central parts of the main colony areas support 
the idea that reproductive problems had oc- 
curred (with resultant nest abandonments, re- 
ported originally by Gress 1970 as symptom- 
atic of DDE-related problems). Such behavioral 
phenomena seem to have predisposed the SCB 
breeding units to: (1) weaker adult defense for 
nest sites as they abandoned for abnormal rea- 
sons (loss of nest contents), (2) younger birds 
produced elsewhere having the opportunity to 
enter colony areas earlier in their life compared 
to other colonies, (3) then perhaps gaining ear- 
ly experience, and (4) eventually entering that 
particular breeding population. If decreased 
fledging rates were mostly caused by the pres- 
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FIGURE 4. Condensed nesting phenology (egg-laying 
dates) of Brown Pelicans in the Southern California Bight, 
1970 through 1980. The large squares represent the peak 
periods. small rectangles represent minor peaks, and ver- 
tical lines represent the entire period. Dashed lines rep- 
resent one or two unusually late nests. “SBI” (see legend) 
represents Santa Barbara Island. Because of early potential 
failures in 1970 and 1971 due to pollution (see text), it 
remains unknown if peaks actually represent second at- 
tempts at nesting after initial failures due to egg breakage 
(? on graph). 

ence of younger, inexperienced adults in the 
colony areas (see Knopf 1979) however, we 
should have seen fledging rates gradually im- 
proving to eventual F,,, during years of plen- 
tiful food. Undoubtedly, complex natural phe- 
nomena related to SCB pelicans have been 
further complicated by a complex series of un- 
natural events. 

Populations of Double-crested Cormorants 
have also improved but annual changes are 
independent from those of Brown Pelicans 
(Table 1). Pelicans and cormorants are not 
similarly dependent on the same foods. In 
1975-1978, anchovies were not highly impor- 
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tant in the diet of most Double-crested Cor- 
morants breeding on the Pacific Coast, but 
samples from the SCB were small (Ainley et 
al. 1981). Anchovies certainly dominate the 
food items of SCB Brown Pelicans: over a sev- 
en-year period, 92% of the pelican diet during 
the breeding season consisted of these fish 
(Gress et al. 1980). Reproductive rates of pel- 
icans are closely tied to anchovy abundance 
near the breeding colonies (Anderson et al. 
1982). 

For the 12-year period of our studies, nesting 
in the first decade began earlier (less than one 
to about three months) on Isla Coronado Norte 
(Fig. 4), the more southern colony (Fig. 1). 
That phenology was consistent with anchovy 
distribution during that period. Anchovies were 
abundant as spawners in the more southern 
area earlier in the year (Pacific Fisheries Man- 
agement Council 1978). During this period, 
1980 was the first year when reproduction was 
probably not drastically affected by pollution 
in which we noted a complete shift in breeding 
effort from Coronados to the Anacapa Island 
area. Associated with that shift was a pelican 
reproductive rate that was higher for the An- 
acapa area (Table l), as well as earlier nesting 
at both Anacapa and Santa Barbara Islands 
(Fig. 4). This was also true in 198 1 at Anacapa 
alone (Gress et al., unpubl. data). The earlier 
nesters have usually been more successful in 
productivity, as might be generally predicted 
from past studies (e.g., Fisher 1975, Knopf 
1979, Manuwal 1979, and Hedgren and Linn- 
man 1979) although trends are not consis- 
tently related to latitude in the SCB. In any 
case, proximate timing of the Brown Pelican 
reproductive season and location of breeding 
effort may be tied to food supplies before the 
breeding season, as suggested by Lack (1966: 
259-260). 

Scorpion Rock and Santa Barbara nesting 
phenologies deserve added comment here. In 
1972 Scorpion Rock was phenologically inter- 
mediate between Anacapa and Isla Coronado 
Norte. In 1974 nesting peaked there at the same 
time as on nearby Anacapa, but in 1975 peak 
nesting was the earliest in the SCB area (Fig. 
4). A later and smaller peak in 1975 corre- 
sponded to the peak at Coronado Norte. Scor- 
pion Rock had nesting Brown Pelicans during 
the years of increasing and peak SCB anchovy 
abundance (Anderson et al. 1982), but detailed 
relationships of Scorpion Rock’s nesting pel- 
icans to either Anacapa or Coronado Norte 
are not as yet entirely clear. Aerial surveys in 
1980 (Gress et al., unpubl. data) hint at one 
important proximate cause of pelican nesting 
on Santa Barbara Island that year. Pelicans 
feeding at sea early in the breeding season were 

found to be closely associated with anchovy 
patches; in that year, these patches were closer 
to Santa Barbara Island than Anacapa (they 
are more typically north of Anacapa in the 
Santa Barbara Channel, see Fig. 1) (Gress et 
al. 1980, Gress et al., unpubl. data). 

Age ratios at Scorpion Rock when nesters 
were present did not support the notion that 
younger birds comprised that nesting popu- 
lation. In fact, proportions of adult-plumaged 
pelicans were equal to or greater than those at 
either Anacapa or Coronado Norte (see Table 
3); for example, an aerial survey of Scorpion 
Rock on 27 April 1972 revealed about 300 
adults present with only two pelicans of sub- 
adult plumage (Anderson, unpubl. data). Nest- 
ing at Scorpion Rock and Santa Barbara Island 
was loosely associated with the shifts of nesting 
populations discussed earlier. Both islands first 
had breeders when the highest proportion of 
the population was either changing from An- 
acapa to Coronado Norte or vice versa (Fig. 
2). We can only speculate, but such observa- 
tions imply either that individual pelicans 
shifted breeding locations within the SCB area, 
or that variable proportions of a larger pool of 
adults breed at each area each year (if one as- 
sumes a constant return of adults to particular 
nesting sites). Where more data are available, 
frequent and extensive local shifts at Anacapa 
(Gress and Anderson 1982) and on islands in 
the Gulf of California (Anderson, unpubl. data) 
suggest that the same individuals are generally 
involved. Without marked birds, however, this 
remains unclear. 

Earlier nesting may give breeders an advan- 
tage on the eventual energetic restriction of 
molt, which is proximately controlled by pho- 
toperiod (see Verbeek 1979). Schreiber (1980b) 
discussed the possible advantages of early nest- 
ing in Eastern Brown Pelicans. Colony shifting 
suggests that SCB breeders may gain the ad- 
vantage of early nesting by responding to 
changing food in the SCB. Food supplies do 
not diminish in a distinct and consistent sea- 
sonal manner (see Hedgren and Linnman 
1979) however, as related to regular seasonal 
events. Rather, early nesting probably repre- 
sents variability in food near either colony on 
a yearly and seasonal basis as also constrained 
by physiological responses of the breeders (see 
Manuwal 1979). Data are needed to specifi- 
cally relate short-term variations in food sup- 
ply to short-term behavioral and ecological 
phenomena. 

Control of reproduction might occur both 
during (Anderson et al. 1982) and outside the 
breeding seasons. Temperature may be an im- 
portant proximate mechanism in controlling 
Eastern Brown Pelican phenology as suggested 
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by Schreiber (1980b), but this may act indi- 
rectly through its effects on food supplies. 
Southern California is a seasonal environment 
similar to that of mid-latitudes on the East 
Coast but few natural catastrophic events (such 
as hurricanes, see Schreiber 1980b) occur in 
southern California. In the SCB, sea temper- 
atures are usually lowest early in the breeding 
season (January through March), and warm up 
later in the season (see Lynn 1967). In some 
years, nesting may begin as early as December 
and January when temperatures are declining. 

One could hypothesize that regardless of 
temperatures, if the food supply is adequate 
and the molt complete, breeding will begin. 
Greater food availability should give each in- 
dividual a better chance of maximizing its re- 
productive potential within the colony setting 
(see Anderson et al. 19X2), where each pair 
contributes to the colony’s mean reproductive 
rate and responds to the general message of 
food. Orians (197 1532) stated: “For any given 
level of food availability there will be a point 
at which the flying time and energy expended 

will exactly offset the energy realizable by 
foraging. . . .” The most efficient way of re- 
sponding to this constraint in the SCB, and 
within the added constraints of nest-site lo- 
cation and physiological state, may be to shift 
the location of the breeding effort. Later nesters 
may indeed be limited by physiological events 
such as molt, since food supply usually in- 
creases in the SCB later in the nesting season 
(July through October), when newly produced 
young anchovies become large enough to be 
suitable pelican food items. The large influxes 
of Brown Pelicans or other seabirds at that 
time attest to the abundant food supplies in 
the post-breeding period (Ainley and Lewis 
1974, Briggs et al. 198 1). Breeding in the SCB 
occurs when food is abundant near the breed- 
ing colonies (Anderson et al. 1982) but not 
when food is seasonally most abundant; in this 
period a different food source (young ancho- 
vies) exists for newly fledged pelicans to exploit 
(after Lack 1954, in that fledging occurs at a 
period of maximal food abundance). 
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