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Abstract: The western population of the American White Pelican (Pelecanus erythrorhynchos) 
is of conservation concern because its breeding colonies are few and relatively small, making 
it susceptible to population declines or local extirpation. Biologists have counted nests and 
fledglings at western colonies, with varying levels of regularity, since the 1950s. We compiled 
available count data to assess trends in the abundance and productivity of breeding pelicans 
and investigate latitudinal changes in its breeding distribution. Population-wide, the rate of 
change in breeding pelicans’ abundance was negatively related to the previous year’s abundance 
and positively related to time, suggesting density dependence and a temporally increasing car-
rying capacity. The proportion of pelicans that bred at new or reestablished colonies, versus 
consistently occupied historic colonies, increased over time. Production (fledglings per nest) 
was not related to the abundance of nests, either by colony or population-wide, and declined 
over time across all colonies. Since the 1970s most new colonies have been established in the 
northern part of the range; the median latitude of active colonies from 2010 to 2014 lies 
approximately 114 km north of that of colonies active prior to 1970. In addition, six colo-
nies established since 1990 are 359 km north of the median of all currently active colonies. 
Our results suggest that the pelican’s population dynamics in the western United States are 
influenced by long-term trends in abundance and production as well as short-term, density-
dependent processes that influence annual rates of change in the abundance of breeding birds. 
Future research should seek to clarify the mechanism for this apparent density dependence and 
for the potential temporal increase in carrying capacity. Our results also suggest that efforts 
to monitor the American White Pelican should be modified to accommodate the apparent 
density-dependent dynamics of the population. We recommend that colonies be censused 
simultaneously and in consecutive years so that productivity and the rate of change in the 
abundance of breeding pelicans can be estimated. 

Keywords: colony dynamics, density dependence, latitudinal shifts, monitoring, population 
dynamics, range shifts 
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Over the past 100 years, populations of the 
American White Pelican (Pelecanus erythro-

rhynchos) have experienced both dramatic declines 
and growth (Knopf and Evans 2004, King and 
Anderson 2005). For the population breeding 
predominantly west of the Continental Divide 
(USFWS 1984), breeding colonies are few, and 
most are relatively small (~50% of colonies con-
tain fewer than 500 nests), making the popula-
tion susceptible to decline or local extirpation. 
Therefore, this species has been designated as 

either a “species of greatest conservation need” or a 
“species of special concern” in 9 of the 12 western 
states and provinces in the Pacific Flyway (Pacific 
Flyway Council 2012, IDFG 2017). Yet concerns 
related to the pelican’s predation on western fish-
eries have grown in recent years, leading to interest 
in the active management of pelican abundance 
at some locations. As a result, both the Pacific 
Flyway Council and the Idaho Department of 
Fish and Game Commission have adopted plans 
to manage the pelican’s impacts on fish resources 
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(Pacific Flyway Council 2012, IDFG 2016). To 
assess and help guide effective management of 
predation conflicts, western pelicans’ population 
dynamics and the changing distribution must be 
documented and understood.

The pelican’s population trends have been 
reviewed several times since the 1980s. Comparing 
colony counts from the early 1960s, early 1970s, 
and 1979, Sloan (1982) reported the breeding 
population as declining. When they included data 
from 1979 to 1981, Sidle et al. (1985) indicated 
an increase in the number of pelicans breeding 
throughout the range in the United States and 
Canada. In addition, King and Anderson (2005) 
reported an increase in the number of nests at 
colonies both east and west of the Continental 
Divide from 1979–1981 to 1998–2001. They 
estimated 18,578 breeding birds at western colo-
nies during the former period, 37,300 during the 
latter, representing a doubling of the population. 

Because pelican abundance at any one breeding 
colony can fluctuate widely, even on an annual 
basis (Sovada et al. 2005, VanSpall et al. 2005), 
and a colony can swing dramatically from boom 
to bust (Diem and Pugesek 1994), comparisons 
of disconnected periods may fail to accurately 
capture an overall population trend. Although 
breeding pelicans have been censused at many 
colonies since the 1950s, these data have not been 
analyzed at the population scale. Therefore, our 
first objective was to assess changes in the western 
population of breeding pelicans from available 
nest counts. 

Annual production of young also can fluctuate 
widely from colony to colony (Diem and Pugesek 
1994, VanSpall et al. 2005), potentially having a 
large influence on total abundance of this long-
lived species (up to 26 years; Clapp et al. 1982). 
At most western colonies, however, productivity 
has not been quantified regularly, and existing 
data have not been analyzed at the population 
scale. Thus our second objective was to use avail-
able counts of nests and fledglings to examine 
trends in western pelican production.

The distribution of the western popula-
tion’s breeding colonies has changed over time. 
Thompson (1933) and Lies and Behle (1966) 
first reported changes in the distribution of west-
ern pelican colonies. Anderson and King (2005) 
characterized the western population as having 
experienced severe fragmentation and redistribu-
tion. They described how some colonies had a 
long tradition of use, others were abandoned, 
some abandoned colonies were reestablished, and 
some new colonies formed. Intensive habitat 

destruction, water diversion, wetland drainage, 
and human disturbance—deliberate or unin-
tentional—contributed to historic distribution 
changes (USFWS 1984). Factors contributing to 
changes in distribution since that time are not 
entirely clear, but the availability of undisturbed 
locations for nesting near adequate opportunities 
for foraging, as well as the loss of suitable habitat 
to agriculture and water diversion, remain impor-
tant issues (Shuford 2005). There is evidence for 
a northward shift in the distribution of many 
species of organisms, including birds, as a result of 
climate change (Hitch and Leberg 2007, Chen et 
al. 2011), though the influence on the pelican is 
unknown at this time. Therefore, our third objec-
tive was to compare the current and historic dis-
tributions of western pelican colonies to identify 
potential range shifts.

Methods
We compiled counts of nests and fledglings at the 
18 current western pelican colonies in the United 
States and Canada (Figure 1) from collaborating 
management agencies and researchers. Nests were 
counted by various methods, but typically when 
active during the late incubation period from the 
ground, boat, or air. Therefore, counts of breeding 
pelicans at colony c during year t (Nc,t = Nestsc,t 
× 2) represented the minimum breeding popula-
tion late in incubation, as some breeding pairs 
undoubtedly lost their nests prior to the count. 
We estimated annual production by dividing 
counts of the number of fledglings and pre-fledg-
lings (pooled as “fledglings”) in or around each 
nesting colony later in the breeding season by the 
number of nests (Fledglingsc,t/Nestsc,t).

Western pelicans represent a genetically pan-
mictic population (Reudink et al. 2011) in which 
birds may readily move from colony to colony 
(IDFG 2015, UDWR 2016, IDFG unpubl. data); 
their fidelity to a colony in successive breeding 
seasons may be low (UDWR 2016). Therefore, 
to assess population-wide trends, we summed 
counts each year from 10 colonies that were 
counted regularly from 1981 to 2014 (Table 1): 
𝑁𝑁𝑡𝑡 =  Σ𝑐𝑐=1

10 𝑁𝑁𝑐𝑐,𝑡𝑡 

 

. Before 1981, counts were not 
routine and simultaneous enough across colonies 
to produce reliable estimates of the entire popula-
tion. 

To evaluate changes in the abundance of 
breeding pelicans at colonies that have been con-
sistently active since the early 1900s (“historic”) 
and those formed (“new”) or reestablished after 
1980, we compared counts for four historic (Clear 
Lake, Anaho, Gunnison, Molly Island), four new 
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(Canyon Ferry, Badger Island, Miller Sand Spit, 
Island Park), and two reestablished (Blackfoot, 
Minidoka) colonies. We defined reestablished 
colonies as those that were active prior to 1970, 
inactive between 1970 and 1980 during the popu-
lation decline, and active again after 1980. 

To investigate changes in the population (Nt) of 
breeding pelicans, we calculated the instantaneous 
rate of change at time t (rt = ln[Nt + 1/Nt]) for each 
consecutive pair of counts (Nt, Nt + 1) from 1981 
to 2014. We used linear regression models con-
taining combinations of Nt and Yeart to explain 

variation in rt (Dennis and Taper 1994, Dennis 
and Otten 2000), where Yeart is the rank of the 
calendar year when abundance was measured 
(1981 = 0, 1982 = 1, …, 2014 = 33). We consid-
ered the following models in our candidate set: β0, 
which assumed a constant rate of change in the 
breeding population; β0 + β1Nt, which allowed for 
density dependence; β0 + β1Yeart, which allowed 
for a linear temporal trend in the rate of change 
but no density dependence; β0 + β1Nt + β2Yeart, 
which allowed for density dependence and a 
linear temporal trend in carrying capacity; and 

Figure 1. Distribution and occupancy of 31 American White Pelican colonies in western North America. See 
Table 1 for identification of colonies.
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β0 + β1Nt + β2Yeart + β3Nt*Yeart, which allowed 
for the strength of density dependence as well as 
carrying capacity to change through time. We also 
considered models including the quadratic terms 
Nt2 and Yeart2 to allow for nonlinear relationships.

Nests and fledglings were counted at nine 
colonies from 1981 to 2013 (Table 1). We 
used counts at time t to evaluate the influ-
ence of the abundance of nests at each colo-
ny (Nestsc,t) and summed across those colonies  
(Nests𝑡𝑡 =  Σ𝑐𝑐=1

9 Nests𝑐𝑐,𝑡𝑡 ), as well as an individual 
colony’s traits on pelican production (i.e., fledg-
lings/nest). We used generalized linear models 
(with a log link and a negative binomial distribu-
tion to account for overdispersion) containing the 

explanatory variables Yeart, Colony (identified 
as 1 through 9), Latitude (latitude of colony in 
decimal degrees [WGS84]), Nestsc,t, and Nestst—
with log(Nestsc,t) as an offset variable—to explain 
changes in fledgling counts (Fledglingsc,t). The 
β0 model assumed constant production across 
all colonies; β0 + β1Yeart allowed for a linear 
temporal trend in production; β0 + β1Colony 
allowed production to vary among colonies; β0 
+ β1Latitude allowed production to vary linearly 
with latitude; β0 + β1Nestsc,t allowed production 
to vary with the abundance of nests at the colony 
(i.e., density dependence created by conditions 
at the colony scale); and β0 + β1Nestst allowed 
production to vary with the abundance of nests in 

table 1. Location and periods of occupancy of 31 American White Pelican colonies in western North America, 
arranged from north to south. These represent all currently occupied colonies and historic colonies for which 
documentation of consistent use was available.

    Colony occupancya

Colony 
no. Colony name

Latitude 
(N°) Pre-1970 1970–1979 1980–1989 1990–1999 2000–2009 2010–2014

1 Stum Lake, BCb 51.83 X X X X X X
2 Arod Lake, MT 48.02 X X X
3 Moses Lake, WA 47.12 X
4 Canyon Ferry, MTc 46.43 X X X
5 Miller Sandspit, ORc 46.20 X
6 Badger Island, WAc 46.11 X X X
7 Island Park Reservoir, IDc 44.39 X
8 Molly Island, WYb,c 44.31 X X X X X X
9 Deer Flat, ID 43.54 X
10 Malheur NWR, ORb 43.31 X X X X X
11 Glenns Ferry, ID 42.95 X
12 Blackfoot Reservoir, IDb,c 42.92 X X X X
13 Minidoka NWR, IDc 42.67 X X X X
14 Upper Klamath NWR, ORb 42.42 X X X X X X
15 Crump Lake, OR 42.28 X X
16 Pelican Lake, OR 42.04 X X X
17 Lower Klamath NWR, CAb 41.99 X X X X X X
18 Tule Lake, CA 41.89 X
19 Clear Lake NWR, CAb,c 41.87 X X X X X X
20 Gunnison Island WMA, UTb,c 41.34 X X X X X X
21 Eagle Lake, CA 40.65 X
22 Utah Lake, UT 40.22 X
23 Ruby Lakes, NV 40.12 X
24 Anaho Island NWR, NVb,c 39.95 X X X X X X
25 Washoe Lake, NV 39.27 X
26 Lower Sacramento Valley, CA 38.96 X
27 Walker Lake, NV 38.69 X
28 Lone Tree Island, CA 38.57 X
29 Tulare Lake, CA 36.00 X
30 Buena Vista Lake, CA 35.19 X
31 Salton Sea, CA 33.33 X
aX, occupied.
bColony used in analyses of pelican productivity. 
cColony used in analyses of abundance of breeding pelicans.
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the population (i.e., density dependence created 
by conditions at the population scale). We also 
examined models including interactions between 
Yeart and Colony and Latitude to see if annual 
trends in production varied by colony or latitude.

 Count data from the 10 included colonies 
were adequate for assessing the abundance of 
breeding pelicans for 26 years between 1981 and 
2014 (data for 1984–1989, 1995, and 2004 were 
inadequate). For assessing pelican production, 
count data from the nine included colonies were 
adequate for 25 years (data for the previously 
listed years plus 2014 were inadequate). On aver-
age, counts from colonies included in the analyses 
of rate of change and production represented 
96% (range 89–99%) and 56% (range 26–77%), 
respectively, of nests counted in the western popu-
lation during the included years.

We evaluated candidate models for rt and 
production with Akaike’s information criterion 
corrected for small sample size (AICc; Burnham 
and Anderson 2002). Although documentation of 
protocols used was often not available for historic 
data, we assumed that nest and fledgling counts 
followed standardized protocols and their error 
was small relative to annual changes (Murphy 
and Tracy 2005, Pacific Flyway Council 2013). 
Furthermore, assessment of density dependence 
with the method of modeling we used has been 
shown to be highly robust even with large amounts 
of sampling error (Dennis and Taper 1994). 
We used R 3.2.3 (R Development Team 2008) 
for all analyses. We used the package ‘MASS’ 

for modeling of negative binomial regression 
(Venables and Ripley 2002). Parameter estimates 
are presented with 95% confidence intervals (CI).

To evaluate potential latitudinal changes in 
colony distribution, we calculated the median 
latitude of all western pelican colonies active 
before 1970, during each decade from 1970 to 
2009 (e.g., 1970–1979), and 2010–2014. Because 
declines in the pelican’s population and contrac-
tion of its breeding range occurred primarily 
before 1970 (Knopf and Evans 2004), we con-
sidered 1970 to be an appropriate benchmark for 
defining a historic distribution.

results
The population of breeding pelicans at the colo-
nies we assessed increased from 13,614 in 1981 
to 40,864 in 2014, a 200% increase, with the 
majority of growth occurring prior to 2000. By 
2014, 35% of nests were at new or reestablished 
colonies (Figure 2). The 26 years of adequate data 
yielded 22 pairs of consecutive years from which 
we could calculate rt. The overall mean of rt was 
0.016 ± 0.143 (95% CI). The top model describ-
ing changes in the abundance of breeding pelicans 
population-wide was an additive model contain-
ing Nt and Yeart, but the univariate Nt model 
also had support (ΔAICc < 2.0; Table 2). The 
top model suggests density-dependent growth in 
the abundance of breeding pelicans and that the 
carrying capacity for breeding pelicans (point 
where rt = 0) increased from 24,377 in 1981 to 
38,690 in 2013, a 59% increase (Figure 3A). 

Figure 2. Abundance of breeding American White Pelicans at historic (Clear Lake, Anaho, Gunnison, Molly 
Island) and new (Canyon Ferry, Badger Island, Miller Sand Spit, Island Park) or reestablished (Blackfoot, 
Minidoka) colonies in western North America, 1981–2014.
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The simpler, competing model suggests density-
dependent growth in the abundance of breeding 
pelicans without a temporal change in carrying 
capacity (Figure 3B).

Average production fell from 0.64 ± 0.26 
fledglings/nest from 1981 to 1992 to 0.40 ± 0.13 
fledglings/nest from 2005 to 2013. The top model 
describing variation in production contained Yeart 
(Table 3). The addition of interactions between 
Yeart and Latitude or Colony did not improve 
AICc over the value generated by the univariate 
model, suggesting the interaction terms were 
uninformative (Arnold 2010). The top model sug-
gests there was one temporal trend in production 
across all colonies, with production decreasing by 
approximately 3.9% each year from 1981 to 2013 
(Figure 4). 

The median latitude of western pelican colo-
nies, up to and including the 1960s, was 41.89° 
N (Table 1). The median latitude of colonies that 
have been active since 2010 is 42.92° N, 1.03° 
(114 km) farther north. Prior to 1970, the south-
ernmost colony was at the Salton Sea, California, 

at 33.33° N, and the northernmost colony was 
at Stum Lake, British Columbia, at 51.83° N. 
In 2014, Anaho, 39.95° N, was the southern-
most active colony, and Stum Lake was still the 
northernmost. The seven most southerly historic 
colonies (5 in California and 2 in Nevada) have 
not been active since before 1970. All six colonies 
that are new since 1990 lie north of 40.12° N, and 
their median latitude is 46.15° N, 3.23° (359 km) 
north of the current median of all active colonies.

discussion
King and Anderson (2005) suggested that the 
western population of breeding pelicans increased 
from the late 1970s through 2001, and we found 
that this upward trend continued through at least 
2007. Our analyses show this growth was not 
constant, however, with the spatial distribution 
of colonies changing and the carrying capacity 
fluctuating, possibly increasing. 

abundance
From 1981 to 1991, historic colonies and the 
re establishment of one abandoned colony, 
Malheur National Wildlife Refuge (NWR; Figure 
2), accounted for the increase in numbers of 

table 2. Comparison of models in the candidate 
set for describing annual rate of change (rt) in total 
abundance of the American White Pelican across 10 
breeding colonies in western North America, 1981–
2014, relative to potential linear or nonlinear density-
dependent effects (Nt) and temporal trends (Yeart). 
For each model we present the number of parameters 
(K), log-likelihood of the model (LL), difference 
from the top model in Akaike’s information criterion 
corrected for small sample size (ΔAICc), the model’s 
relative weight (w), and parameter estimates (± SE) for 
supported models (i.e., ΔAICc < 2.0).

Model K LL ΔAICc w

β0 + β1Nt + β2Yearta 4 1.50  0.00b 0.39
β0 + β1Ntc 3 –0.51  1.00 0.24
β0 + β1Nt + β2Nt2 + 
β3Yeart

5 1.95  2.50 0.11

β0 + β1Nt + β2Yeart + 
β3Nt*Yeart

5 1.63  3.14 0.08

β0 + β1Nt + β2Yeart + 
β3Yeart2

5 1.50  3.40 0.07

β0 + β1Nt + β2Nt2 4 –0.50  4.01 0.05
β0 + β1Nt + β2Nt2 + 
β3Yeart + β4Yeart2

6 2.99  4.26 0.05

β0 2 –7.05 11.38 <0.01
β0 + β1Yeart 3 –6.72 13.43 <0.01
β0 + β1Yeart + β2Yeart2 4 –6.07 15.14 <0.01
aParameter estimates ± SE: β0 = 0.763 ± 0.183; β1 = –3.13 × 10–5 
± 6.81 × 10–6; β2 = 0.014 ± 0.007.

bAICc = 7.35.
cParameter estimates ± SE: β0 = 0.769 ± 0.195; β1 = –2.32 × 10–5 
± 5.74 × 10–6.

table 3. Comparison of models in the candidate 
set for describing annual production (fledglings/
nest) at each of nine American White Pelican colonies 
in western North America, 1981–2013, relative to 
potential effects of temporal trend (Yeart), latitude of the 
colony, and number of nests during year t in the colony 
(Nestsc,t) or in all nine colonies combined (Nestst). For 
each model we present the number of parameters (K), 
log-likelihood of the model (LL), difference from the 
top model in Akaike’s information criterion corrected 
for small sample size (ΔAICc), the model’s relative 
weight (w), and parameter estimates (± SE) on a ln scale 
for the supported model (i.e., ΔAICc < 2.0 with no 
uninformative parameters).

Model K LL ΔAICc w

β0 + β1Yearta  3 –930.94  0.00b 0.61
β0 + β1Yeart + β2Latitude + 
β3Yeart*Latitude

 5 –929.30  0.98 0.38

β0  2 –937.15 10.33 <0.01
β0 + β1Latitude  3 –936.66 11.45 <0.01
β0 + β1Nestsc,t  3 –937.13 12.39 <0.01
β0 + β1Nestst  3 –937.15 12.41 <0.01
β0 + β1Yeart + β2Colony + 
β3Yeart*Colony

19 –918.30 12.44 <0.01

β0 + β1Colony 10 –930.91 15.38 <0.01
aParameter estimates ± SE: β0 = 0.045 ± 0.232; β1 = –0.039 ± 
0.011.

bAICc = 1868.04.



264

Studies of Western Birds No. 3

breeding pelicans, which is consistent with a 
rebounding population refilling the most suitable 
habitats following the pre-1970 decline (Lies and 
Behle 1966). From 1991 on, the majority of the 
increase in breeding pelicans has been at new or 
reestablished colonies, which is consistent with 
a population that has grown beyond the capacity 
of the historic colonies and has begun to occupy 
previously vacated habitats, possibly of lower suit-
ability, and newly formed habitats (e.g., Miller 
Sand Spit). Unfortunately, data on the production 
of new and reestablished colonies are not adequate 
for assessment of potential differences in produc-
tion between these and historic colonies. 

The number of western pelicans that breed 

can fluctuate dramatically from year to year and 
appears to be negatively related to the num-
ber breeding in the previous year. This density-
dependent relationship suggests that the number 
of breeding pelicans is limited by finite resources 
that are depleted when the number of pelicans is 
high. If resources during the breeding season were 
limiting, we might expect colony-level production 
to decline in a year when the number of nests 
increases (Rodenhouse et al. 2003). Our results, 
however, suggest the number of nests in a colony 
had little influence on that year’s production. 
Rather, production seemed to be trending simi-
larly across all colonies. This indicates either that 
regional environmental factors, such as drought or 

Figure 3. Relationship between annual rate of change (rt) and abundance of breeding American White Pelicans 
(Nt) from the top linear regression models, (A) β0 + β1Nt + β2Yeart and (B) β0 + β1Nt—including data points 
grouped into the early (1981–1992), middle (1993–2004), and late (2005–2013) portions of the dataset—for the 
western population, 1981–2013.

(A)

(B)
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Figure 4. Results from the top negative binomial generalized linear model (β0 + β1Yeart) describing annual pro-
ductivity (fledglings/nest) of the western population of the American White Pelican, 1981–2013. Points represent 
data from individual colonies. 

large late-winter storms, are influencing the entire 
breeding population similarly in a given year, 
or that resource abundance or availability at the 
population scale, outside of the breeding season, 
is influencing the number of breeding pelicans. 
Murphy and Tracy (2005) found evidence that 
drought conditions influenced the abundance and 
productivity of nests at Anaho Island, implying 
that climatic conditions are a significant factor 
for this population. Although beyond the scope 
of this paper, additional analyses examining the 
effect of regional environmental variables on the 
western breeding population could help clarify 
drivers of this density-dependent relationship.

In other aquatic avian species, conditions in 
the nonbreeding range can affect nesting activity 
and success during the ensuing breeding season. 
For example, body condition prior to the breeding 
season has been found to affect egg formation in 
the Blue Petrel (Halobaena caerulea; Chastel et al. 
1995) and fledging success in the Common Eider 
(Somateria mollissima; Lehikoinen et al. 2006). An 
energetically poor diet before the breeding season 
is correlated with later laying and smaller egg 
size in Cassin’s Auklet (Ptychoramphus aleuticus; 
Sorensen et al. 2009). 

Our results also indicate that the carrying 
capacity for this population may be increasing over 
time. This increase could be due to an increase in 
suitable nesting habitat or an increase in resourc-
es on the wintering grounds. The mechanisms 
behind this dynamic of density-dependence and 
possible increase in carrying capacity cannot be 

fully understood without focused research. One 
potential avenue for future research is an examina-
tion of changes in the abundance and availability 
of food when pelicans from several colonies are 
congregated and sharing resources in winter. 
King and Anderson (2005) described how the 
aquaculture industry in the southeastern United 
States may be partially responsible for the increase 
in the eastern population and how aquaculture in 
western Mexico and introduced fish in southern 
California may be affecting the western popula-
tion similarly.

Production
Our results suggest that the productivity of the 
western pelican decreased by approximately 3.9% 
annually from 1981 to 2013. Combining this 
finding with our results on the abundance of 
breeding pelicans, we hypothesize that this long-
term decline in production is likely the result of 
the breeding population approaching its carry-
ing capacity. When the breeding population was 
growing rapidly (1981 in Figures 2 and 4), it was 
more able to expand through higher productivity 
than during the 2010s, when limited by carrying 
capacity. On a local scale, VanSpall et al. (2005) 
reported that productivity at the Stum Lake colo-
ny in British Columbia was highest during periods 
of population growth but declined thereafter.

range shiFts
Distributional changes resulting from abandon-
ment of colonies and establishment of new ones 
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have resulted in a change in the colonies’ median 
latitude. While much of the initial change was 
the result of water diversion rendering historic 
colonies unusable, leading to range retraction in 
southern and central California (Shuford 2005), 
recent changes have resulted from new colonies 
forming at more northerly latitudes. The median 
latitude of the six newest colonies (i.e., estab-
lished since 1980) is almost 360 km north of the 
median latitude of all currently active colonies, 
and the latitude of five of these colonies equals or 
exceeds the northernmost latitude of all currently 
active historic or reestablished colonies, with the 
exception of Stum Lake, British Columbia. It is 
unknown what is driving this shift in breeding dis-
tribution and how, or if, it will affect the western 
pelican population. 

If factors associated with climate change (e.g., 
more frequent drought, milder early spring weath-
er at northern latitudes) are driving the north-
ward shift of breeding locations, as has been 
documented for other species (e.g., Hitch and 
Leberg 2007, McDonald et al. 2012), the future 
of two of the largest and southernmost western 
colonies (Anaho and Gunnison) could be at 
risk. Increasingly frequent drought and earlier 
spring snowmelt are significant effects of climate 
change that have been documented in the western 
United States (Leung et al. 2004, Stewart et al. 
2004, Barnett et al. 2008). These changes could 
affect the persistence and establishment of pelican 
colonies in several ways, such as influencing nest 
success, the abundance and availability of nesting 
habitat, or the abundance of prey (e.g., Studds 
and Marra 2011, Sovada et al. 2014). Murphy 
and Tracy (2005) proposed that failure of nesting, 
as has occurred at Anaho Island in both the past 
and recently, is related to a lack of food during 
droughts, suggesting that significant issues are 
affecting southern colonies already (D. Withers 
pers. comm.). Milder winters and earlier springs 
in recent years may have made at least one of the 
new northern sites suitable for nesting pelicans 
(Island Park, Idaho; IDFG unpubl. data). These 
changes in distribution could exacerbate conflicts 
if the numbers at historic colonies continue to 
decline and new colonies are established where 
conflicts arise with important fisheries or those 
at risk, such as at Blackfoot Reservoir, Idaho 
(Teuscher et al. 2015, IDFG 2016). Additionally, 
these distributional changes may expose more of 
the population to severe weather in the northern 
part of the range. Exposure to late-winter storms 
can cause catastrophic nesting failure, as has been 
observed at Chase Lake in South Dakota. Pelicans 

now initiate nesting there 16 days earlier than they 
did historically and as a result experience greater 
exposure to severe storms (Sovada et al. 2014).

PoPulation Monitoring
Sidle et al. (1985) and King and Anderson (2005) 
called for consistent, coordinated, continent-
wide monitoring of American White Pelicans. 
Currently, the Pacific Flyway Council (2013) has 
committed to flyway-wide surveys once every 
three years, following protocols described by Seto 
(2008). Our results reemphasize the need for 
continuous, synchronized monitoring of nests and 
fledglings at all western pelican colonies, along 
with the need for regular searches for new colo-
nies, to ensure accurate assessments of population 
dynamics to inform management and conserva-
tion. Because of apparently density-dependent 
changes in the number of pelicans that breed in 
the West each year, comparisons of nest abun-
dance in disjointed intervals are inappropriate for 
assessing this population’s trajectory accurately. 
Therefore, if annual surveys across all colonies 
are not feasible, intermittent surveys should be 
coordinated across colonies, conducted as fre-
quently as possible, and conducted in at least two 
successive years to allow for the calculation of rate 
of change (rt). We recommend that the Pacific 
Flyway Council amend its monitoring plans to 
accommodate the density-dependent nature of the 
western pelican population by monitoring in suc-
cessive years, instead of once every 3 years, and by 
expanding the effort to include productivity sur-
veys. In addition, we recommend that all historic 
and current data on the western population, and 
their corresponding metadata, be compiled and 
stored in a centralized database to facilitate future 
population monitoring.
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