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Abstract.—The Western Gull-billed Tern (Gelochelidon nilotica) breeds in only 16 locations in southern Cali-
fornia, USA and the Pacific coast and Gulf of California in Mexico. Relatively little information is available on 
migration and wintering locations for the population. This is the first project to use satellite telemetry to document 
Gull-billed Tern migration routes, important stop-over locations, and non-breeding areas for the northwestern-
most breeding population that nests in San Diego, California. A total of eleven deployments occurred over a period 
of four breeding seasons. Of the 11 deployments, five terns provided information on complete migration cycles 
consisting of both a fall and a successive spring migration. Four terns provided information on two fall and one 
spring migration, and one tern provided information on three fall and three spring migrations. Migration routes 
in the fall and spring are similar, with individuals crossing inland over the Peninsular Mountain Range of Baja Cali-
fornia to stop over in the Rio Colorado Delta of Mexico, before beginning southward travel along the continental 
Mexico coastline and reversing the route for spring migration. The wintering distribution of individuals from the 
San Diego breeding colony appears to be small, consisting of a 250-km span of coastal wetlands ranging from Bahía 
Tóbari, southern Sonora south to Santa María-La Reforma, northern Sinaloa, Mexico. Long term monitoring of 
individual movements suggests strong fidelity to both breeding and wintering grounds, with individuals returning 
to San Diego each season to breed and then returning to previously used winter locations. Received 2 September 2019, 
accepted 7 October 2019.
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The Gull-billed Tern (Gelochelidon niloti-
ca) is globally distributed with an estimated 
population size of less than 55,000 individu-
als world-wide that encompasses Europe, 
Africa, Asia, Australia, and the Americas 
(Gochfeld et. al. 2019). In Eastern Europe, 
the Gull-billed Tern is listed as endangered 
with a suspected population decline of 
30% throughout the European range while 
populations in Asia and Australia appear to 
be stable (Sánchez et al. 2004). The North 
American breeding population is estimated 
to be 4,160 to 5,200 breeding pairs (Molina 
and Erwin 2006; Molina et al. 2014).

In California, USA, the Western Gull-billed 
Tern (G. n. vanrossemi), herein referred to as 
Vanrossemi, breeds in two locations in the USA, 
the Sonny Bono-Salton Sea National Wildlife 
Refuge and the San Diego Bay National Wild-
life Refuge, and at 14 small breeding colonies 
along the Pacific Coast of Mexico south to Co-
lima. Breeding pair estimates range from 555 
to 778, with the majority of the population re-

siding in Mexico (68-82%; Palacios et al. 2015). 
Vanrossemi is considered a California State Spe-
cies of Special Concern (Shuford and Gardali 
2008) and the United States Fish and Wildlife 
Service classifies the tern as a Bird of Conserva-
tion Concern (USFWS 2008). In 2010, Vanros-
semi was considered for listing under the USA 
Endangered Species Act based on small popu-
lation size, limited distribution, and declining 
population trends, but status was not updated 
to threatened because the majority of the 
population lies within Mexico and the popu-
lations within Mexico appeared at the time to 
be stable (USFWS 2011). Breeding locations 
and reproductive success have been well doc-
umented in California since the early 1990s 
and with increasing regularity in Mexico since 
1995 (Palacios and Mellink 2007; Palacios et al. 
2015), but published wintering accounts are 
limited (Molina et al. 2009). While wintering, 
the Gull-billed Tern has been documented as 
far south as southern Ecuador (Hellmayr and 
Conover 1948), but subspecific taxonomy is 
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questionable for terns documented in South 
America (Molina and Erwin 2006; Molina et al. 
2009).

The 2015 population estimate of Vanros-
semi suggests a 32% decline in the California 
breeding population over the past five years, 
attributed mainly to declining habitat qual-
ity at the Salton Sea colony (Shuford et al. 
2002; Palacios et al. 2015; Bradley and Yanega 
2018; Molina 2018) and a 2013 mass mortal-
ity event in San Diego that resulted in the loss 
of 71-92% of that colony’s breeding popula-
tion (Patton et al. 2017). While the breed-
ing population at the San Diego colony has 
begun to recover from the 2013 mortality, 
with 38 minimum breeding pairs as of 2018 
(Patton unpubl. data), zero or low breeding 
success has plagued the Salton Sea colony for 
greater than five years (Molina 2018). The 
potential long-term decline of the California 
population has created a critical need to un-
derstand factors influencing Vanrossemi sur-
vival throughout its entire lifecycle. Our goal 
for this research was to use satellite telemetry 
to identify migration routes, important stop-
over sites, and wintering locations for those 
individuals breeding in San Diego. We fur-
ther comment on the strength of fidelity to 
breeding and wintering grounds for Vanros-
semi breeding in San Diego, California.

MethodS

Study location

The study encompasses San Diego and Imperial 
Counties of California, USA and south into the Gulf of 
California, Sonora and Sinaloa states of Mexico. Vanros-
semi nests in only one coastal location in California at the 
San Diego Bay National Wildlife Refuge (SDBNWR: 32° 
35’ 56.81” N, 117° 6’ 11.32” W) that was used to capture 
terns and deploy satellite telemetry devices. The South 
San Diego Bay Unit of SDBNWR, also referred to as the 
Saltworks, is a solar evaporative sea salt operation consist-
ing of a series of linear earthen dikes surrounding 28 salt 
ponds of various salinities that have been used by Vanros-
semi since 1987, when the terns were first documented to 
be nesting at the Saltworks (McCaskie 1987).

Telemetry deployment

For this project, we captured eleven terns on nests for 
platform transmitting terminal deployment (PTT; Micro-
wave Telemetry Inc., Maryland, USA) during the 2012 to 
2016 breeding seasons using remote-controlled bownets 

(Goodenough 2014). We attached a 5-g solar powered 
PTT with harness to each tern using a modified leg-loop 
design, based on Mallory and Gilbert (2008), and ad-
justed to individual tern size measurements (Fig. 1). The 
telemetry unit consisted of a PTT glued with cyanoacry-
late to a 10 mm x 7 mm rectangle of 5-mm neoprene and 
attached to a harness made of a 12 cm length of 10-mm 
Teflon ribbon harness (Bally Mills, Inc., Baltimore, Mary-
land, USA). The PTT was created with metal loops in a 
clover-leaf pattern such that the Teflon ribbon could be 
threaded through the loops into a leg-loop system that is 
then slipped over the hips of the tern and tightened. Once 
the harness was fitted to the tern, the ribbon was knotted, 
glued with cyanoacrylate, and excess ribbon was trimmed 
off. The neoprene raised the transmitter above feather 
line to prevent the tern from preening feathers over the 
PTT and obstructing the photovoltaic cell from recharg-
ing the internal battery. Total weight for the leg-loop har-
ness and transmitter was on average 5.5 g (range 5.1-6.0 
grams). We targeted Vanrossemi greater than 187 g for 
capture to comply with United States Geological Survey 
Bird Banding Lab guidelines of 3% or less of body weight 
(Fair and Jones 2010) except for one tern, with approval 

Figure 1. A photograph of PTT platform transmitting 
terminal (PTT) placement on “Tern Winehouse” after 
it was released from rehabilitation following the West-
ern Gull-billed Tern (Gelochelidon nilotica vanrossemi) 
2013 mortality event in San Diego, California, USA. 
Photo by KSG.
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from the USGS Bird Banding Lab, that carried a satellite 
and harness which was 3.5% of body weight. Terns were 
DNA-sexed using blood samples collected during capture.

Analytical Methods

Location data (latitude/longitude) were download-
ed daily from the ARGOS satellite platform system and 
archived at Movebank.org. Locations were developed 
from Doppler data using a Kalmann filter and associated 
with a location accuracy code (3, 2, 1, 0, A, B, Z) rang-
ing from 3 (within 250 m) to Z (no accuracy). See Table 
1 for accuracy estimates for each of the location codes. 
ArcMap 10.3.1 (ESRI, Redlands, California) was used to 
create maps of the location data and migration routes. 
Only data with high location accuracy (3, 2, 1) were used 
to plot migration route and winter location use. Other lo-
cation data (0, A) were used to plot migration path only 
if there was not a higher accuracy point available.

We defined fall migration as the time period when 
terns departed San Diego in July-August and ended 
when the terns reached a location where they did not 
venture any farther south. Spring migration was identi-
fied as the time period when the terns departed their 
winter location and headed north to the breeding 
ground in San Diego. The wintering period is defined 
as the interval between the end of fall migration and 
the start of spring migration when movements did not 
exceed 60 km of daily travel.

reSultS

A total of eleven deployments occurred 
over a period of four breeding seasons (n 
= 5 in 2012, n = 2 in 2013, n = 3 in 2014, 
n = 1 in 2016). Of the 11 deployments, five 
terns have provided information on com-
plete migration cycles consisting of both a 
fall and a successive spring migration (Table 

Table 1. Location accuracy for the ARGOS platform 
transmitting terminals (PTT) used in location data 
collection on Western Gull-billed Terns (Gelochelidon 
nilotica vanrossemi) in southern California, USA and 
western Mexico. Accuracy calculated using a Kalmann 
Least Squares algorithm by CLS America-ARGOS 
(France).

ARGOS Location Accuracy

3 Within 250m
2 250-500m
1 500-1000m
0 >1000m
A No accuracy, used only to ensure 

transmitting
B No accuracy (not used)
Z No accuracy (not used)
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2). Four terns have provided information 
on two fall and one spring migration, and 
one tern has provided information on three 
fall and three spring migrations. As several 
PTTs were refurbished and reused, we refer 
to tracked terns by names instead of tracker 
number to minimize confusion.

The first four deployments in 2012 had 
mixed success with harnesses on four individ-
uals failing within three weeks of deployment 
due to harness attachment issues. One PTT 
from 2012 was recovered before the terns 
departed on migration and was re-deployed 
on Tern Louisa on June 16, 2012. Louisa suc-
cessfully collected 368 high accuracy loca-
tions over a period of 13 months. In 2013, 
one individual was captured for PTT attach-
ment (Tern Aqua), but the tern died within 
two weeks of capture due to acute peritonitis 
caused by acanthocephalan parasites (Patton 
et al. 2017). A second tern, that survived acan-
thocephaliasis, was released from rehabilita-
tion with a PTT to monitor survival on June 8, 
2013 (Tern Winehouse). The PTT on Wine-
house lasted 18 months and provided 1,091 
high accuracy locations. Three terns were 
captured for deployment in 2014: Tern Lolo, 
Tern Hendrix, and Tern Joplin. The PTT on 
Joplin ended before the tern had completed 
a full migration providing 78 data points over 
a period of 90 days. The PTTs on Hendrix and 
Lolo lasted 18 and 13 months, respectively, 
and collected 748 (Lolo) and 949 (Hendrix) 
data points. A final deployment in 2016 (Sid) 
expanded the research to provide 36 months 
of individual tracking data collecting 5,069 
high accuracy location points. A switch to a 
newer battery system in the PTT improved 
collection of data by 120%.

Fall migration

Tracked terns began to depart San Diego 
in late June through July as chicks fledged and 
became capable of longer distance flight. In-
dividuals departed during the early morning 
hours between 01:00-03:00 coinciding with 
moonrise. The first leg of the journey south 
consisted of travel inland through the Tijuana 
River watershed southwest over the Peninsu-
lar Mountain Range of Baja California to the 

Rio Colorado Delta (RCD; Figs. 2, 3), with the 
exception of Lolo and Hendrix who stopped 
at the Salton Sea for two to five days before 
heading to the RCD. Mean time to complete 
the 250 km from San Diego to the RCD was 
15.7 hours (range 14-17 hours). Terns that de-
toured to the Salton Sea completed the San 
Diego to Salton Sea segment in 8-10 hours. 
All terns spent five to 21 days within the RCD 
before traveling south along the western con-
tinental Mexico coastline to southern Sonora 
and northern Sinaloa (Fig. 2). The route tak-
en southward from the RCD to wintering loca-
tions by each tern was similar. Mean length of 
the fall migration period was 20 days (range 13-
38 days) except for Winehouse, who took 123 
days to finish fall migration in 2013 compared 
to fall 2014 which took 14 days to complete. 
Please refer to Table 2 for annual differences 
in the timing and length of fall migration.

Spring migration

The spring migration route was similar 
to the fall migration route by following the 
Pacific Coast of Mexico northward and then 
crossing the Peninsular Mountain Range of 
Baja California (Fig. 2). The start of spring 
migration began in mid-March to early May 
and took two to 12 days. The timing of de-
parture among individuals ranged about 
six weeks; although all terns arrived by 12 
May of each year. See Table 2 for timing of 
spring migration for individual terns. Move-
ment data from Hendrix documented the 
northward movement from the wintering 
ground in Sonora, but the last segment of 
migration was missed due to the operating 
schedule of the PTT with the last transmis-
sion placing the tern crossing the Peninsular 
Mountain Range about 28 km south of the 
US-Mexico border. Subsequently, when the 
transmitter turned on, location data placed 
Hendrix in Orange County, California, at 
the Bolsa Chica Ecological Reserve for a day 
before the tern flew farther north to Port 
Hueneme, Ventura County, California and 
then returned to San Diego on 12 April. The 
three spring arrival dates for Sid indicate the 
tern took 5-7 days to complete spring migra-
tion (Table 2).
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Important Stop-Over Locations

The Rio Colorado Delta (RCD: 31° 47ʹ  
53.8ʺ N 114° 54ʹ 16.7ʺ W, Fig. 3) was an impor-

tant stop-over location for both spring and fall 
migrations indicating a high degree of depen-
dence on this location for refueling and rest 
before continuing migration. Stays at the RCD 

Figure 2. Spring and fall migration routes for tracked Western Gull-billed Terns (Gelochelidon nilotica vanrossemi) 
breeding in San Diego, California, USA and wintering in western Mexico. Routes between individuals were compa-
rable using a similar route to navigate between breeding and winter location.
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during fall migration ranged from five to 21 
days, while stays during spring migration were 

much shorter at one to four days (Table 3). 
Winehouse spent a considerable time in the 

Figure 3. Stop-over locations used by each Western Gull-billed Tern (Gelochelidon nilotica vanrossemi) within 
the Rio Colorado Delta, Mexico (RCD). Length of stays were variable among individuals and across years with 
spring stop overs being shorter in duration (1-5 days) compared to fall stop overs (5-42 days). The Cienega de 
Santa Clara wetland was used by all terns during their annual fall migration in addition to the shallow waters 
of the Gulf of Santa Clara, Sonora, Mexico.
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RCD and the Puerto Peňasco region (42 days) 
before heading south to its non-breeding loca-
tion during the 2013 fall migration, which we 
believe was due to poor health after the acan-
thocephalan outbreak, as the second fall mi-
gration (2014) only took a total of 14 days. The 
primaries were well worn after being in a flight 
cage at the rehabilitation center. We suspect 
Winehouse may have used the RCD region to 
molt primary flight feathers before heading 
farther south to the wintering location. Tern 
locations within the RCD were focused mainly 
near shallow water mudflats of the delta, Isla 
Montague, and Cienega de Santa Clara wet-
land to the northwest of the delta proper.

Wintering Locations

There was little overlap of wintering birds 
in Mexico. Five locations were identified as 
winter locations for the five individuals (see 
Table 4) that ranged 250 km along the Mex-
ico Pacific coastline (Fig. 4). Bahía Tóbari, 
Sonora (27° 5ʹ 55.8ʺ N, 110° 0ʹ 46.4ʺ W) was 
the most northern location where a tracked 
tern wintered, whereas the Santa María-La 
Reforma wetland complex to the west of 
Culiacan, Sinaloa (24° 58ʹ 55.8ʺ N, 108° 6ʹ 
25.9ʺ W) was the farthest south that a tracked 
Vanrossemi was documented to winter (Fig. 4). 
Other winter locations included Lechuguilla, 
Yavaros, and Agiabampo (Fig. 4). When split-
ting winter locations by sex, the only female 
tracked (Louisa) wintered the farthest dis-
tance from the breeding location (Table 4).

Table 3. Length of stay in the Rio Colorado Delta 
(RCD) for spring and fall migration of each tracked 
Western Gull-billed Tern (Gelochelidon nilotica vanros-
semi) in western Mexico.

Individual RCD (Fall) RCD (Spring)

Louisa 21 2
Winehouse 2013 11 n/a
Winehouse 2014 8 4
Lolo 2014 10 n/a
Lolo 2015 5 4
Hendrix 2014 10 n/a
Hendrix 2015 5 2
Sid 2016 12 3
Sid 2017 6 1
Sid 2018 10 1
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While at their wintering locations, daily 
movement distances averaged about 30 to 45 
km. There were no movements greater than 
60 km outside of the winter location. Once 

the terns arrived at their winter location 
(late August through October), they did not 
leave until it was time to depart to San Diego 
the following April. Louisa spent the entire 

Figure 4. Winter locations of five tracked Gull-billed Terns (Gelochelidon nilotica vanrossemi) in southern Sonora and 
northern Sinaloa, Mexico [top]. Once they reached these locations, tracked individuals did not venture farther than 60 
km from the area until the advent of spring migration the following April. Winter location movements of Sid [bottom], 
tracked continuously for 36 months. Across years, Sid’s movements within Bahía Tóbari did not vary significantly.
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2012 winter within the Bahía Santa María-
La Reforma wetland system. Winehouse 
wintered in the same location for both 2013 
and 2014, west of Los Mochis near Isla Le-
chuguilla, Sinaloa, just 127 km northwest of 
Santa María-La Reforma. Tern Lolo wintered 
about 48 km northwest of Winehouse in Agia-
bampo, Sinaloa. Tern Hendrix wintered at 
Yavaros, Sonora, while Tern Sid wintered at 
Bahía Tóbari, Sonora (Fig. 4). Sid has spent 
all three winters in Bahía Tóbari (Fig. 4).

Habitat use for all individuals was a com-
bination of natural estuarine shallow water 
with adjacent extensive mudflats, agricultur-
al fields, aquaculture ponds, dry scrub, and 
sandy beach areas. Habitat use for each of 
the terns varied in terms of the number of 
locations documented within each habitat, 
but the majority of location points for the 
terns were within natural estuarine habitats 
that consisted of mangroves, exposed mud-
flats, and shallow water areas within embay-
ments (67-98%). Use of agriculture fields 
(3-11%) and aquaculture ponds (5-10%) oc-
curred, but to a limited extent.

diScuSSion

Our research is the first to document 
Gull-billed Tern migration and site fidelity to 
both breeding and wintering grounds using 
satellite telemetry focused on the northern-
most breeding population in southern Cali-
fornia. Terns deployed with a PTT lasting 
longer than 12 months exhibited a return to 
San Diego in the spring the following breed-
ing season, and all terns that were tracked 
longer than 18 months returned to the same 
winter locations that were used the previous 
year, suggesting that there is a strong degree 
of fidelity to both breeding and winter loca-
tions within the San Diego breeding popula-
tion. Breeding location fidelity has been re-
ported to be low to moderate in Gull-billed 
Terns along the Atlantic coast (Erwin et al. 
1998; Miller et al. 2013; Gochfeld et al. 2019), 
but it is noted as varying widely between 
nesting locations in Europe (Møller 1982; 
Sánchez et al. 2004). We are unaware of any 

other research focused upon Gull-billed 
Tern wintering site fidelity.

One of our concerns with this research 
was the small sample size of terns we tracked 
because a small sample size may suggest false 
positive site fidelity (i.e. the site fidelity may 
actually be individual response rather than 
being representative of the entire San Diego 
breeding population), but band recovery 
data of Vanrossemi during the 2013 mortality 
event in San Diego suggest otherwise. Gull-
billed Terns have been banded as chicks at 
the San Diego colony since 2001, and adults 
have been banded for three separate re-
search projects investigating foraging ecol-
ogy and movements in San Diego, California 
(Goodenough 2014). We found that 78% of 
the recovered terns were banded. Of those, 
89% had been banded as non-volant chicks 
at the San Diego Bay NWR. A further 8% 
were banded as breeding adults at the Ref-
uge between 2001-2012. The recovery data 
supports the results we obtained from the 
telemetry project, confirming that there ap-
pears to be a high degree of natal philopatry 
and breeding location fidelity in the San Di-
ego breeding population.

The high degree of fidelity documented 
in this tracking projects suggests that Vanros-
semi in San Diego are likely to be limited in 
their response to large-scale environmental 
change such as habitat loss and continuing 
land use in the form of urbanization. While 
Vanrossemi is capable of habitat and prey 
resource switching (Møller 1982; Bogliani 
et al. 1990), there may be a limit to its abil-
ity to mitigate continued landscape change. 
Therefore, the potential for continued 
Vanrossemi population expansion in Califor-
nia may be hindered by the tern’s ability to 
mitigate annual variability in food resources. 
Continued habitat loss and fragmentation 
due to expansion of industrial and agricul-
tural activities has already begun to affect 
Vanrossemi breeding colonies in Mexico 
(Hernández-Vázquez et al. 2014; Palacios et 
al. 2015; Mellink and Riojas-Lopez 2017).

While we have been successful in describ-
ing aspects of migration and site fidelity for 
the northern-most breeding population of 
Vanrossemi, this research represents only a 
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small percentage of the overall population. 
Multi-population tracking studies will be 
crucial in order to understand population 
dynamics of the species and to comment 
upon life history variation and migratory 
connectivity for the entire population, rath-
er than just a small breeding colony. We rec-
ommend additional movement research fo-
cused upon populations in the Pacific Coast 
of eastern Mexico, Gulf Coast USA, and the 
USA Atlantic Coast to fully integrate move-
ment research to better understand factors 
influencing survival and fitness for Gull-
billed Tern in North America.
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