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INTRODUCTION

The Magnificent Frigatebird Fregata magnificens (MaFr) is a 
tropical seabird distributed mainly in the Caribbean, Gulf of 
Mexico, and the Mexican Pacific (Diamond & Schreiber 2002). It 
feeds primarily on fish that it catches at the sea surface or steals 
from other birds (Diamond 1975, Gibbs 1987). Nests are built atop 
shrubs or small trees in coastal areas in Mexico, especially in the 
mangrove canopies (Diamond 1973, 1975).

The world population of MaFr, on the basis of available historical 
data, was estimated to range from 59 000 to 71 000 breeding pairs 
(Diamond & Schreiber 2002), most of which occur in the Mexican 
northwest (Moreno-Matiella & Carmona-Piña 1988). In most 
areas for which information is available, populations are declining, 
apparently due to loss of habitat, disturbance, and tourist and urban 
development (Diamond & Schreiber 2002).

Breeding colonies in Mexico are found on islands in most of the 
coastal states (López-Ornat & Ramo 1992, Howell & Webb 1995, 
Diamond & Schreiber 2002). Within this wide distribution, there are 
three main nesting areas: (1) Estero Las Tijeras in the Magdalena 
Lagoon complex (MLC), Baja California Sur, where 20 117 pairs 
were reported in 1986–1987 (Moreno-Matiella & Carmona-Piña 
1988); (2) Ensenada Pabellones, Sinaloa, with 10 000–20 000 pairs; 
and (3) Bahía Santa María, Sinaloa, with 18 000 pairs (Everett & 
Anderson 1991).

On the Baja California peninsula, after Estero Las Tijeras, the 
area with the most MaFr was La Paz Bay, with 1 600 individuals 
reported in 1986–1987 (Moreno-Matiella & Carmona-Piña 1988). 
Nesting was not confirmed until 2012, when a colony with about 
1 300  individuals, including chicks, was found in Bahía San 
Gabriel, Espíritu Santo Island (Marrón et al. 2014).

Because of recently detected changes and global trends of MaFr 
populations (Diamond & Schreiber 2002), it is expected that Baja 
California Sur populations are shifting; however, the detailed status 
of populations is currently unknown. Here, we explore the sites of 
greatest historical relevance for the species in Baja California Sur, 
estimate the local population size, and analyze changes among 
breeding colonies.

METHODS

Study area

The MLC is located in southwestern Baja California Sur (Fig. 1; 
24°30′N–25°80′N, 111°50′W–112°20′W). It is composed of three 
areas—Santo Domingo channel, Magdalena Bay, and Almejas 
Bay—and is 1 875 km2 in total (Saad & Palacios 2004). The 
climate of the MLC is hot semi-arid, with an annual rainfall that 
fluctuates between 48 and 153 mm and, consequently, the lagoon 
complex does not receive freshwater most of the year (Funes-
Rodríguez et al. 2007). The largest mangrove forest on the Baja 
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ABSTRACT
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The Magnificent Frigatebird Fregata magnificens (MaFr) is a tropical seabird species that is widely distributed along the mid-latitude coasts 
of the Americas. Historically, its most important breeding location has been Estero Las Tijeras in the Magdalena Lagoon complex (MLC), 
Baja California Sur, Mexico. Our recent data indicate a severe (~96%) population decline at this location. In 2002–2003, 33 535 MaFr were 
counted in all of the MLC, and historical data (1985–1986) support the maintenance of consistently high numbers of MaFr in this region over 
time. Yet, MaFr abundance dropped severely—to ~1 200 individuals—in 2015. This low abundance persisted into 2017, when we recorded 
1 712 individuals; however, we also discovered two new breeding colonies in Baja California Sur. Thus, from 2015–2017, we estimated a 
total breeding population of ~1 300 pairs in all of Baja California Sur. The reasons for this apparent severe decline, however, remain unclear. 
Based on satellite images, we discovered a large decline of living mangrove (~70% loss of apparent surface area) in Estero Las Tijeras from 
2003 to 2017. Given these apparent changes in breeding effort, local population size, and observed shifts in nesting substrate, and considering 
other factors such as human disturbance and food-supply changes that may affect MaFr populations, it is evident that more extensive and 
detailed monitoring and ecological study of MaFr populations is needed. This will make it possible to further define factors affecting this 
species’ status and will support science-based management strategies.
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California peninsula is located in the MLC and consists of about 
25 000 ha of red mangrove Rhizophora mangle, white mangrove 
Laguncularia racemosa, and black mangrove Avicennia germinans 
(López-Medellín et al. 2011, Rebman & Roberts 2012).

La Paz Bay is located on the southeast coast of the Baja California 
peninsula. It has an area of approximately 2 000 km2 (Jiménez-Illesca 

et al. 1997). The climate of this region is semi-arid, with an average 
rainfall of 200 mm, mainly concentrated in the summer months 
(García & Mosiño 1968). The Espíritu Santo archipelago is located to 
the east of the bay, and San Gabriel Bay is located to the southwest of 
those islands (Fig. 1D). La Paz Bay is an open cove with sandy, silty, 
and rocky substrate, and the beach slope is smooth and covered with 
mangrove forest, with red mangrove predominating (Bojórquez 1997).

Fig . 1 . Magnificent Frigatebird Fregata magnificens breeding sites in the Magdelena Lagoon complex, Baja California Sur, Mexico. A: Las 
Ánimas, B: Magdalena Island channel, C: Estero Las Tijeras, D: San Gabriel Bay, E: Santa María Bay, F: Ensenada Pabellones.

TABLE 1
Magnificent Frigatebird Fregata magnificens abundance, including number  

of nesting pairs (parentheses) at key sites in Baja California Sur

Site 1985–1986a 2002–2003b 2012c 2015d 2017d

Magdalena Lagoon complex 33 535 150e 824 (126)e

Estero Las Tijeras 40 234 (20 000) 1 061 888 (296)

La Paz Bay 1 600

Espíritu Santo Island 191f

San Gabriel Bay 1 300 2 189 (912)

a Moreno-Matiella & Carmona-Piña 1988
b Zárate-Ovando et al. 2006
c Marrón et al. 2014
d This study
e Not including Estero Las Tijeras
f Not including San Gabriel Bay
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Fieldwork

During 05–07 December 2015 and 21–23 May 2017, we visited the 
three major areas of the MLC. On 23 November 2015, we visited 
the Espíritu Santo archipelago and traveled along the perimeter of 
the islands.

Counts were made by two teams of three people each: two 
observers and one note-taker. During each survey, we identified 
and counted all birds that we observed. We made counts from 
7-m long boats moving at a constant speed, from no farther than 
100 m offshore, making stops at nesting sites for better counts. 
We counted individual-by-individual in flocks of ca. 300 birds or 
less, and we estimated the number of birds in larger flocks using 
the block method (Howes & Bakewell 1989), which involves 
counting the number of individuals in a part of the flock, and 
using that count as a standardized measure to estimate the 
number of birds in the remainder of the flock. The block size 
varied from 10 to 250 individuals depending on the total size of 
each flock.

Satellite images

To analyze changes in the status of mangroves at Estero Las Tijeras, 
we obtained satellite images for the site from Google Earth in 2003 
and 2009, and from Google Maps in 2017.

RESULTS

Counts from the MLC in 2015 reached 1 211 MaFr, of which 88% 
were at Estero Las Tijeras (Table 1). For the same year, at Espíritu 
Santo Island, 2 380 individuals were counted, of which 92% were at 
San Gabriel Bay, with 912 pairs nesting (Table 1).

In 2017, 1 712 individuals were found in the MLC, of which 52% 
were at Estero Las Tijeras, where we detected 296 pairs (Table 1). 
Two new breeding colonies were located in the bay in the Santo 
Domingo channel, one to the north near Las Ánimas (colony  A, 
Fig. 1) and another to the south of Puerto López Mateos (colony B, 
Fig. 1), with 90 and 36 pairs, respectively (Table 1).

Considering the counts of pairs found in each breeding colony, the 
total number of breeding pairs of MaFr in Baja California Sur is 
currently 1 334.

Satellite images indicate a loss of live mangrove cover in Estero 
Las Tijeras. In 2003, mangrove appeared to cover almost the entire 
site, but in 2009 some areas around the main channel had dried 
up, and by 2017 the majority of the mangroves had died (Fig. 2). 
The total loss of mangrove coverage between 2003 and 2017 was 
about 70%.

DISCUSSION

Although the MLC and La Paz Bay (including Espíritu Santo 
archipelago) are not the only places in Baja California Sur where 
MaFr can be found, those sites support the largest numbers of 
MaFr and are the only sites where nesting has been recorded. 
Thus, describing changes occurring in those areas can reflect 
the total population trend of this species (Moreno-Matiella & 
Carmona-Piña 1988, Marrón et al. 2014). In this context, the MaFr 
population decreased from 41 834 birds in 1985–1986 (Moreno-

Matiella & Carmona-Piña 1988) to 4 092 individuals in 2015–2017, 
representing roughly a 90% decline.

Considering the number of pairs of MaFr recorded at Estero Las 
Tijeras, San Gabriel Bay, and several small, new colonies found 
north of the MLC, we estimate that > 18 000 pairs are no longer 
present. This represents a decrease in the total world population of 
26%–32% (Moreno-Matiella & Carmona-Piña 1988, Diamond & 
Schreiber 2002, Marrón et al. 2014), mostly in the last 15 years in 
our study area, given that in 2002–2003, 33 535 individuals were 
still present in the MLC (Zárate-Ovando et al. 2006). Another 
possibility is that the MaFr population size has not decreased, but 
instead, birds have moved to other breeding sites, most likely out 
of the state. Currently, however, there is no evidence to support 
this explanation.

Colony fragmentation could create additional ecological 
vulnerabilities (e.g., increased predation, increased human 
disturbance, further habitat deterioration) because one of the main 
benefits of colonial nesting is to reduce the chances of predation 
on eggs and chicks (Götmark & Anderson 1984). In contrast, 
segregation of nesting sites could decrease the likelihood that 
the entire population will be affected by localized environmental 
changes (Anderson & Keith 1980), such as climate change effects.

Modifications in the amount of mangrove cover at Estero Las 
Tijeras indicate that this factor (habitat loss and fragmentation, 
regardless of the cause) may have contributed to the aforementioned 
changes in the abundance and distribution of MaFr. Because 
of the demonstrated connectivity of reproductive colonies in 
the Mexican Pacific (Moreno-Matiella & Carmona-Piña 1988, 
González-Jaramillo & Rocha-Olivares 2011), Estero Las Tijeras 
could again host a large colony if conditions conducive to nesting 
are re-established through ecologically-based conservation and 
management. Other factors that could have contributed to the 
decrease in the MaFr population include the presence of exotic 
fauna or disturbance, and it should be noted that these factors are 
not mutually exclusive.

Other factors that could have contributed to mangrove death in 
the MLC include sedimentation in channels that carry water to the 
system, or sea-level rise (López-Medellín et al. 2011), since it was 
evident from satellite images that the channels in the system took 
on different shapes each year. Sedimentation can cause decreases 
in the flow of nutrients and the development of anoxic or other 
harmful conditions, effects that can be exacerbated by increases in 
temperature and other consequences of climate change (Gilman et 
al. 2008).

Another factor that could explain the decrease in abundance of 
MaFr is food availability, since the breeding success of other 
ichtyophagous birds has been observed to decline with a decrease 
in the biomass of small pelagic fishes that has occurred in response 
to thermal anomalies or other factors (Velarde et al. 2004). In this 
regard, in recent decades there has been a decrease in small pelagic 
fish abundance on the west coast of North America (Cavole et al. 
2016), such as the Pacific sardine Sardinops sagax. Despite an 
overall trend towards declining biomass (Zwolinski et al. 2012), 
sardine catches on the west coast of Baja California Sur increased 
in the same period until 2015, when the catches fell to more than 
half compared to the previous year, coinciding with the El Niño 
event (Grijalva 2017).
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Fig . 2 . Satellite view from Estero Las Tijeras in the Magdalena Lagoon complex, Baja California Sur, Mexico, in 2003, 2009, and 2017 
(Google Earth and Google Maps images).
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The relative concentration of trace elements in the MaFr food 
supply may also have influenced MaFr abundance, since a high 
concentration of heavy metals and other elements in the food 
of seabirds can cause direct and indirect mortality, as well as a 
decrease in breeding success (Burger & Gochfeld 2000). In the 
study area, elevated concentrations of trace elements have been 
reported, with levels of lead, cadmium, and arsenic reported in fish 
at higher levels than those recommended for human consumption 
(Sujitha et al. 2018). Therefore, this potential cause of MaFr decline 
cannot be ruled out.

Based on our findings, it is critical that MaFr be listed as a threatened 
species by the Mexican government (SEMARNAT 2010). By doing 
so, conservation authorities in the region will be encouraged to 
develop detailed studies 1) to elucidate the causes of MaFr decline, 
with a goal of focusing conservation efforts to mitigate identified 
threats; and 2) to contribute to a current evaluation of the world 
MaFr population.

ACKNOWLEDGEMENTS

We thank the Comisión Nacional de Áreas Naturales Protegidas 
through the Programa de Monitoreo Biológico, the David and Lucile 
Packard Foundation, Neotropical Migratory Bird Conservation Act, 
and Mitsubishi Corporation Foundation for providing funding to 
monitor shorebirds. We also thank the Laboratorio de Aves staff 
for their assistance in field work. A special thanks to Richard 
Erickson and Sula Vanderplank for English language help with this 
manuscript, and Daniel W. Anderson and an anonymous referee 
who reviewed an earlier version of this paper and offered helpful 
comments to improve it.

REFERENCES

ANDERSON, D.W. & KEITH, J.O. 1980. The human influence 
on seabird nesting success: conservation implications. 
Biological Conservation 18: 65–80. doi: 10.1016/0006-
3207(80)90067-1

BOJÓRQUEZ, P.M.L. 1997. Usos actuales de la franja costera 
del archipiélago Espíritu Santo, B.C.S., Mexico. Bachelor 
thesis. La Paz, Mexico: Universidad Autónoma de Baja 
California Sur.

BURGUER, J. & GOCHFELD, M. 2000. Effects of chemicals and 
pollution on seabirds. In: SCHREIBER, E.A. & BURGUER, 
J. (Eds.) Biology of Marine Birds. Boca Raton, USA: CRC 
Press, pp. 485–526.

CAVOLE, L.M., DEMKO, A.M., DINER, R.E. ET AL. 2016. 
Biological impacts of the 2013–2015 warm-water anomaly 
in the Northeast Pacific: winners, losers, and the future. 
Oceanography 29: 273–285. doi: 10.5670/oceanog.2016.32

DIAMOND, A.W. 1973. Notes on the breeding biology and 
behavior of the Magnificent Frigatebird. The Condor 75: 
200–209. doi: 10.2307/1365868

DIAMOND, A.W. 1975. Biology and behaviour of Frigatebirds 
Fregata spp. on Aldabra Atoll. Ibis 117: 302–323. doi: 
10.1111/j.1474-919x.1975.tb04219.x

DIAMOND, A.W. & SCHREIBER, E.A. 2002. Magnificent 
Frigatebird (Fregata magnificens), version 2.0. In: POOLE, 
A.F. & GILL F.B. (Eds.) The Birds of North America Online. 
Ithaca, USA: Cornell Lab of Ornithology. [Accessed at https://
birdsoftheworld.org/bow/species/magfri/cur/introduction on 
24 September 2020.] doi.org/10.2173/bna.601

EVERETT, W.T. & ANDERSON, D.W. 1991. Status and conservation 
of the breeding seabirds on offshore Pacific islands of Baja 
California and the Gulf of California. International Council for 
Bird Preservation, Technical Publication 11: 115–139.

FUNES-RODRÍGUEZ, R., GÓMEZ-GUTIÉRREZ, J. & 
PALOMARES-GARCÍA, R. 2007. Estudios ecológicos en Bahía 
Magdalena. Ciudad de Mexico, Mexico: Instituto Politécnico 
Nacional.

GARCÍA, E. & MOSIÑO, P.A. 1968. Los climas de Baja California. 
In: DEL ARENEL, R. Memorias del Instituto de Geofísica 
1966–1967. Mexico City, Mexico: Comité Nacional Mexicano 
para el Decenio Hidrológico Internacional, Instituto de Geofísica, 
UNAM, pp. 29–56.

GIBBS, H.L. 1987. Prey robbery by nonbreeding Magnificent 
Frigatebird (Fregata magnificens). Wilson Bulletin 99: 101–104.

GILMAN, E.L., ELLISON, J., DUKE, N.C. & FIELD, C. 2008. 
Threats to mangroves from climate change and adaptation 
options: a review. Aquatic Botany 89: 237–250. doi: 10.1016/j.
aquabot.2007.12.009

GONZÁLEZ-JARAMILLO, M. & ROCHA-OLIVARES, A. 2011. 
Barriers acting on the genetic structure of a highly aerial 
seabird: The magnificent frigatebird. Biochemical Systematics 
and Ecology 39: 392–396. doi: 10.1016/j.bse.2011.05.014

GÖTMARK, F. & ANDERSON, M. 1984. Colonial breeding reduces 
nest predation in the Common Gull (Larus canus). Animal 
Behaviour 32: 485–492. doi: 10.1016/S0003-3472(84)80285-7

GRIJALVA, C.K. 2017. Estructura de Tallas y Edades de la Sardina 
del Pacífico (Sardinops sagax) en la Costa Occidental de Baja 
California Sur, Mexico. MSc thesis. La Paz, Mexico: Instituto 
Politécnico Nacional.

HOWELL, S.N.G. & WEBB, S. 1995. A Guide to Birds of Mexico and 
Northern Central America. Oxford, UK: Oxford University Press.

HOWES, I. & BAKEWELL, D. 1989. Shorebirds studies manual. 
Kuala Lumpur, Malaysia: Asian Wetland Bureau.

JIMÉNEZ-ILLESCA, R.A., OBESO-NIEBLAS, M. & SALAS DE 
LEÓN, D.A. 1997. Oceanografía física de la Bahía de La Paz, B. 
C. S. In: URBÁN, R.J. & RAMÍREZ, M. (Eds.) La Bahía de La 
Paz: Investigación y Conservación. La Paz, Mexico: UABCS-
CICIMAR-SCRIPPS.

LÓPEZ-MEDELLÍN, X., EZCURRA, E., GONZÁLEZ-
ABRAHAM, C., HAK, J., SANTIAGO, L.S. & SICKMAN, 
J.O. 2011. Oceanographic anomalies and sea-level rise drive 
mangroves inland in the Pacific coast of Mexico. Journal of 
Vegetation Science 22: 143–151.

LÓPEZ-ORNAT, A. & RAMO, C. 1992. Colonial Waterbird 
populations in the Sian Ka’an Biosphere Reserve (Quintana Roo, 
Mexico). Wilson Bulletin 104: 501–515.

MARRÓN, G., CARMONA, R., AYALA-PEREZ, V. & 
GUTIÉRREZ-MORALES, G. 2014. Registros relevantes de aves 
acuáticas en Bahía de La Paz, Baja California Sur, Mexico. Huitzil 
15: 57–63.

MORENO-MATIELLA, L.A. & CARMONA-PIÑA, L.R. 1988. 
Ecología Reproductiva de Fregata magnificens en Isla Santa 
Margarita, B. C. S. Bachelor thesis. La Paz, Mexico: Universidad 
Autónoma de Baja California Sur.

REBMAN, J.P. & ROBERTS, N.C. 2012. Baja California plant field 
guide. San Diego, USA: San Diego Natural History Museum 
Publication.

SAAD, N.G. & PALACIOS, E. 2004. Planificación para la 
Conservación de Sitios: Complejo Lagunar de Bahía Magdalena-
Almejas, B.C.S., Mexico. Baja California Sur, Mexico: Pronatura 
Noroeste, A.C.



24 Marrón et al.: Status of Magnificent Frigatebirds in Baja California Sur 

Marine Ornithology 49: 19–24 (2021)

SEMARNAT (SECRETARÍA DE MEDIO AMBIENTE Y 

RECURSOS NATURALES). 2010. Protección ambiental-

Especies nativas de Mexico de flora y fauna silvestres-Categorías 

de riesgo y especificaciones para su inclusión, exclusión o 

cambio-Lista de especies en riesgo. Norma Oficial Mexicana 

NOM-059-SEMARNAT-2010. 30 diciembre 2010. Segunda 

Seccion, Mexico: Diario Oficial de la Federación.

SUJITHA, S.B., JONATHAN, M.P., AURIOLES-GAMBOA, D., 

CAMPOS-VILLEGAS, L.E., BOHÓRQUEZ-HERRERA, J. 

& HERNÁNDEZ-CAMACHO, C.J. 2018. Trace elements in 

marine organisms of Magdalena Bay, Pacific Coast of Mexico: 

bioaccumulation in a pristine environment. Environmental 

Geochemistry and Health 41: 1075–1089.

VELARDE, E., EZCURRA, E., CISNEROS-MATA, M.A. & 
LAVÍN, M.F. 2004. Seabird ecology, El Niño anomalies, 
and prediction of sardine fisheries in the Gulf of California. 
Ecological Applications 14: 607–615. doi: 10.1890/02-5320

ZÁRATE-OVANDO, B., PALACIOS, E., RÉYES-BONILLA, 
H., AMADOR, E. & SAAD, G. 2006. Waterbirds of the 
Lagoon Complex Magdalena Bay-Almejas, Baja 
California Sur, Mexico. Waterbirds 29: 350–364. doi: 
10.1675/1524-4695(2006)29[350:WOTLCM]2.0CO;2

ZWOLINSKI, J.P., DEMER, D.A., BYERS, K.A., CUTTER, 
G.R., RENFREE, J.S., SESSIONS, T.S. & MACEWICZ, B.J. 
2012. Distributions and abundance of Pacific sardine (Sardinops 
sagax) and other pelagic fishes in the California Current 
Ecosystem during spring 2006, 2008, and 2010, estimated from 
acoustic-trawl surveys. Fishery Bulletin 110: 110–122.




