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Craveri’s Murrelet Synthliboramphus craveri is a poorly studied 
marine bird and the most tropical member of the Alcidae. It is closely 
related to the Xantus’s Murrelet S. hypoleucus, which also has a 
southern distribution, although it is absent from the Gulf of California, 
where Craveri’s is considered quasi-endemic (Anderson 1983). 

Craveri’s Murrelet is distributed from southern California south to 
Nayarit in Mexico, including the entire Gulf of California (20°N 
to 36°N, 104°W to 121°W; Bent 1919, Bancroft 1927, Banks 
1963, DeWeese & Anderson 1976, Harrison 1983, American 
Ornithologists’ Union [AOU] 1998, BirdLife International 2000, 
2008, Velarde 2000) (Table 1). Its distribution outside the breeding 
season includes the marine biogeographic regions known as San 
Diego, Mexican and Gulf of California Provinces (Anderson 
1983), including the California and Northern Equatorial Currents 
and the Gulf of California. Craveri’s Murrelet is restricted mainly 
to the cold, deep waters associated with the eastern coast of Baja 
California, the open pelagic zone of the mouth of the Gulf of 
California after breeding, and the southern reaches of the colder 
waters of the California Current System. It feeds on small pelagic 
fish, icthyoplankton such as juvenile pelagic and rock fish, and 
small crustaceans (DeWeese & Anderson 1976, Harrison 1983, 
Anderson & Palacios 2008). 

Craveri’s Murrelet is considered vulnerable by the IUCN and 
endangered under Mexican environmental law (Diario Oficial de la 
Federación [DOF] 2010). It was formerly listed as threatened under 
Mexican law, meaning that it is now considered to be at a greater 
risk. The classification decision is based on the following criteria:

A.	 Characteristics of geographic distribution: Although the 
species has a wide distribution during its nonbreeding season, 
its nesting areas are relatively restricted. 

B.	 Habitat characteristics: The species has very specific nesting 
habitat requirements, and several of the islands where it nests 
support introduced predators that could, very likely, extirpate 
the local nesting populations. 

C.	 Intrinsic biological vulnerability: The species vulnerability is 
high, owing to its small size and habit of nesting in scattered 
burrows, and the presence of introduced predators in several of 
the islands where it nests or used to nest.

D.	 Impact of human activities: Some human activities have a 
high negative impact on the species, mainly the high potential 
for the introduction of exotic species to the islands where the 
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Craveri’s Murrelet nests, the risk from pesticides and oil spills 
(from boats that transport oil to Puerto Libertad, in the state of 
Sonora on the northeastern coast of the species’ core nesting 
area), and entanglement in fishing nets.

Nesting areas of Craveri’s Murrelet have diminished because of 
direct and indirect human disturbance, such as gill-nets, marine 
pollution and introduced cats and rodents in the islands where 
they nest (DeWeese & Anderson 1976, BirdLife International 
2000, Mellink 2002). Approximately 95% of the total breeding 
population is concentrated in the Gulf of California, where it is 
the only alcid nesting (DeWeese and Anderson 1976, Anderson 
1983, Velarde & Anderson 1993). It is reported by the American 
Ornithologists’ Union (AOU 1998) as nesting in most of the Gulf 
of California and Islas San Benitos, off the Pacific coast of the Baja 
California peninsula. Although the species has been documented 
in several islands in the past (Bent 1919, Bancroft 1927, Banks 
1963), more recently the species was documented on only some of 
these islands (Table 1) (DeWeese & Anderson 1976), but no further 
ground searches have been reported since the 1970s, as is shown in 
several reviews of the species (Harrison 1983, AOU 1998, BirdLife 
International 2000, Velarde 2000). Here we report on a review of 
the historic nesting records published in the literature, and a recent 
finding demonstrating the reoccupation of a former nesting island 
by the species. 

In comparison with the Xanthus’s Murrelet, which has a year-
round distribution between British Columbia and the southern tip 
of the Baja California Peninsula, and a southernmost nesting site 
at 28°N, the Craveri’s Murrelet is definitely a more tropical alcid, 
distributed between southern California and Nayarit, Mexico, with its 
southernmost breeding site at 24°N. Both species have been recorded 
nesting on the San Benitos Islands, where the two subspecies of the 
Xanthus’s Murrelet intergrade (Jehl & Bond 1975).

Craveri’s Murrelets begin to arrive in the Gulf of California in 
January, when they are probably already paired. Nesting occurs on 
rocky islands, in burrows and crevices or among dense vegetation 
from just above the high-tide mark to several dozen meters up sea-
facing slopes. This is the only time of their life cycle when they return 
to land (Bancroft 1927, DeWeese & Anderson 1976, Manuwal 1984, 
BirdLife International 2000, Anderson & Palacios 2008). Nests are 
generally scattered under rocks and taluses facing the sea. The size 
of the nesting population in each area may vary from a few nests to 
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several dozens. It is believed that individuals use the same nesting site 
every year, but they nest only on islands free from introduced ground 
predators and excessive human disturbance (Table  1) (DeWeese & 
Anderson 1976, Anderson & Palacios 2008). The species usually 

lays two eggs during the first two weeks of February (Bent 1919). 
With a development rate probably similar to other alcids, Craveri’s 
Murrelet chicks depart for the sea after only 2–4 d in the nest (Gaston 
& Jones 1998). The flightless chicks leave during the night and 
remain with their parents for up to several months. They are fed larval 
fishes, small invertebrates and small adult pelagic fishes (Bent 1919, 
Bancroft 1927, DeWeese & Anderson 1976, Breese et al. 1993). The 
estimated population size is between 10 000 and 20 000 individuals 
(BirdLife International 2000, 2008).

Craveri’s Murrelet probably is affected by the same predators 
that affect Xanthus’s Murrelet, such as Peregrine Falcon Falco 
peregrinus, Barn Owl Tyto alba and Yellow-footed Gull Larus 
livens (in place of the Western Gull L. occidentalis), as all of these 
species are common in the Craveri’s Murrelet nesting areas (Drost 
& Lewis 1995). Owing to the presence of introduced predators, 
Craveri’s Murrelets have been extirpated from some of the islands 
where they used to nest; for example, Isla Rasa (Bent 1919, 
Bancroft 1927, Banks 1963, DeWeese & Anderson 1976, AOU 
1998, BirdLife International 2000, Velarde & Rodriguez 2000) 
and presumably San Pedro Martir Island, although one pair of this 
species was found nesting in 1991 on one of the San Pedro Martir 
Island satellite offshore rocks (Tershy & Breese 1997) (Table  1). 
San Pedro Martir supported introduced black rats Rattus rattus and 
house mice Mus musculus from the late 1800s until 2007, when an 
eradication program was successful (http://www.islandconservation.
org/accomplishments/?id=3).

In recent years there has been an increased effort to eradicate 
introduced species from islands in the Gulf of California and the 
Pacific coast of Baja California (Tershy et al. 2002, Velarde et al. 
2007, http://www.islandconservation.org/accomplishments/?id=3), 
allowing the Craveri’s Murrelet to re-colonize former nesting islands 
spontaneously. Isla Rasa is a small (approximately 60 ha) rocky 
island located in the Gulf of California’s Midriff Region and the type 
locality of both adults and eggs of this species. Some adults and eggs 
were collected by the Craveri brothers, later deposited at the Milano 
Natural History Museum and described by Salvadori in 1865. The 
specimens of both adult birds and eggs deposited in the US National 
Museum (Bent 1919) also came from Isla Rasa. In the late 1800s 
guano mining took place on several of the Gulf of California islands, 
and it is believed that black rats and house mice were introduced 
to Isla Rasa and other islands during this period. By the mid-1900s 
the nesting populations of both Heermann’s Gulls Larus heermanni 
and Elegant Terns Thalasseus elegans, of which about 95% of both 
species’ populations nest on Isla Rasa, were greatly reduced, and 
there were no further records of nesting Craveri’s Murrelets (Bahre 
& Bourillón 2002, Danemann et al. 2008). 

In 1964 the island received protected status from the Mexican 
government (DOF 1964), and by the mid-1990s an intensive 
campaign successfully eradicated all rodents from the island 
(Velarde et al. 2007, Danemann et al. 2008). Almost immediately 
the nesting success of the Heermann’s Gull and the population 
numbers of Elegant Terns increased dramatically (Velarde et al. 
2007). However, despite 31 consecutive years of seabird population 
studies on the island, there had been no positive records of nesting 
Craveri’s Murrelets since April 1875 (Bent 1919), although Grinnell 
(1928) reported collection of these alcids in the Isla Rasa area, and 
there are records of adult–chick groups at sea from the vicinity 
of the island (DeWeese and Anderson 1976). The latter authors 
present a table where they summarize all information available to 

TABLE 1
Islands with confirmed nesting of Craveri’s Murrelets;  

only records of nesting adults and/or eggs seen or collected,  
or nests and/or eggshells found are considered 

Name of island Location Current 
nesting 
likely

Date of last 
survey

Gulf of California Islands:

Alcatraz11 28°49'N, 111°55'W x March 2009

Ánimas5 28°41'N, 112°54'W x May 1974

Bahía de los 
Ángeles Is.5

28°59'N, 113°30'W x May 1974

Coronado8 26°07'N, 111°16'W x April 1920

Encantadas3 30°01'N, 114°28'W April 1970

Espíritu Santo6 24°29'N, 110°21'W March 1887

Estanque4 29°03'N, 113°05'W March 1962

Mejía5 29°33'N, 113°34'W May 1974

Partida Norte 
(also known as 
Cardonosa)5,10

28°53'N, 113°02'W x March 1974

Pelícano5 38°48'N, 111°58'W x March 1974

Rasa2 28°49'N, 112°59'W x April 1875

Roca Consag1,3 31°07'N, 114°29'W x Date not 
available

Salsipuedes 28°43'N, 112°57'W Date not 
available

San Esteban5 28°42'N, 112°34'W x April 1972

San Francisco2 24°50'N, 110°34'W March 1930

San Ildefonso2,6,8 26°37'N, 111°25'W x March 1930

San Jorge3,5,8 31°00'N, 113°14'W April 1954

San José2 24°58'N, 110°36'W Date not 
available

San Luis3,5 29°58'N, 114°24'W x April 1970

San Pedro Mártir5,7,9 28°23'N, 112°18'W x March 1991

San Pedro Nolasco9 27°58'N, 111°22'W Date not 
available

Tiburón9 29°00'N, 112°24'W December 
1931

Pacífic Islands:

San Benitos5 28°18'N, 115°35'W June 1968

1AOU 1957, 2Bent 1919, 3Bancroft 1927, 4Banks 1963, 5DeWeese 
& Anderson 1976, 6Grinnell 1928, 7Breese et al. 1993, 8van 
Rossem 1926, 9van Rossem 1945, 10Velarde pers. obs., 11Hurley & 
Blinick 2011.
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that date. However, they list all types of records, including those 
of individuals seen in the vicinity of islands or island groups. In 
Table 1 we list only reports that indicate records either of nesting 
adults, or eggs seen or collected, or of nests and/or eggshells.

On 28 May 2007, one of us (C.J.N.) saw and photographed several 
Craveri’s Murrelets on the sea a few meters off Isla Rasa, in a 
place where no murrelets had been seen during the previous hours. 
Although the blackish spots or bars on sides of breast characteristic 
of a juvenile (Harrison 1983) were not visible on the photographs, 
C.J.N. felt that at least some individuals were young of that year. 
Although this sighting is inconclusive, there is a possibility that 
Craveri’s Murrelet may be nesting again on Isla Rasa. On 16 May 
2010 one of us (E.V.) found an empty eggshell at the entrance to 
a crevice at the base of one of the cliffs in the south shores of Isla 
Rasa. From the size and markings of the eggshell it was thought to 
be a Craveri’s Murrelet egg. 

To confirm the identity of this eggshell, we sequenced a portion of 
the mitochondrial cytochrome b gene and compared this sequence 
to a reference panel of bird species known to nest in Isla Rasa, 
and other species of the same genus. Previous studies have found 
eggshells to contain DNA suitable for amplification via polymerase 
chain reaction (PCR) (Schmaltz et al. 2006, Eglob et al. 2009, 
Oskam et al. 2010). 

To ensure that no foreign DNA could contaminate the sample, and 
to avoid incorporating sediments and other surface contaminants, 
eggshell fragments were cleaned on both the inner and outer surfaces 
with 100% alcohol. Following this, eggshell fragments were weighed 
and ground with a mortar and pestle. Powder was subsequently 
transferred to a 2 mL sterile microcentrifuge tube and stored at 
room temperature for later digestion. All laboratory protocols were 
done in a dedicated clean room, and the sampling area and tools 

were decontaminated between processing of the samples to prevent 
sample contamination. To extract the DNA from eggshell powder, we 
followed the method of Oskam et al. (2010) with slight modifications. 
We used 500 mg of ground eggshell instead of 100 mg. 

The cytochrome b gene was chosen because it has been sequenced 
for most of the extant avian species nesting on Isla Rasa, allowing 
for easier and more comprehensive phylogenetic comparison. PCR 
amplification of approximately 1100 base pair fragment of the 
cytochrome b gene was carried out using primers L14841 and H16065 
(Friesen et al. 1996). Amplification was performed using an Applied 
Biosystems Veriti gradient thermal cycler (Applied Biosystems, 
Foster City, CA) with the following temperature profile: initial 
denaturation at 94 °C for 5 min, followed by 35 cycles of 94 °C for 1 
min, 51 °C for 1 min and 72 °C for 1 min. After this, a final extension 
at 72°C for 5 min was applied. Each PCR reaction contained 50–100 
ng of DNA, 1× PCR buffer (Applied Biosystems, Foster City, CA), 
0.167 µmol/L of each primer, 0.3 mmol/L of each dNTP, 2.5 mmol/L 
MgCl2, and 0.5 units of AmpliTaq (Applied Biosystems) in a 30 
µL reaction. We included negative and extraction controls to detect 
possible contamination. Amplicons were sequenced with BigDye 
chemistry (Applied Biosystems) on an Applied Biosystems 3730 
DNA Analyzer. Sequences were aligned using Malign v2.7 (Wheeler 
and Gladstein 1994) and aligned by eye. 

To reconstruct the phylogenetic relationships, we used the maximum-
likelihood (ML) algorithm in the program PHYML v3.0 (Guindon et 
al. 2010). We determined the appropriate model of DNA evolution 
and model parameters using both the Akaike information criterion 
corrected for small sample sizes (AICc) and Bayesian information 
criterion (BIC) with jModeltest v0.1.1 (Posada 2008). Both of these 
tests supported the use of the Tamura–Nei model (Tamura and Nei 
1993) with a gamma shape parameter (0.226). These model and 
parameter values, along with optimized base frequency and transition/

Fig. 1. Maximum likelihood tree based on 1143 bp of the mtDNA cytochrome b gene of nesting birds from Rasa Island plus other murrelets 
of the genus Synthliboramphus, using program PHYML v3.0. Bootstrap values greater than 50 are shown under nodes (or using arrows).
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transversion ratio, were used in phylogenetic reconstruction. One 
thousand bootstrap pseudoreplicates were performed to assess 
node support. The extant avian species nesting on Isla Rasa, 
plus other murrelets of genus Synthliboramphus (and GenBank 
accession numbers) used in the phylogenetic analysis were: Corvus 
corax (AY527270), Falco peregrinus (U83307), Pandion haliaetus 
(AY987232), Thalasseus elegans (AY631302), Thalasseus maximus 
(FJ356187), Puffinus opisthomelas (AF076087), Larus livens 
(AF268501), Larus heermanni (AF268506), Synthliboramphus 
hypoleucus (U37305), Synthliboramphus antiquus (U37303), 
Synthliboramphus wumizusume (U37306), Synthliboramphus craveri 
(U37304), Egretta rufescens (U83153), Nycticorax nycticorax 
(AF193829), Ardea herodias (AF193821, U83150). The Falco 
peregrinus sequence was used as outgroup. 

Our phylogenetic analysis of the cytochrome b sequences 
supports the following clades: Falconiformes, Procellariiformes, 
Passeriformes, Ciconiiformes, Accipitriformes and Charadriiformes 
(Figure 1). Despite the low support for basal clades, the phylogeny 
closely resembles other previously published avian phylogenetic 
reconstructions (Gillian et al. 2006, Pacheco et al. 2011). Within 
the Alcidae clade all the murrelets of genus Synthliboramphus 
group together and contain the sequence from our eggshell sample 
(SYNCYTB, Fig. 1). The eggshell sequence grouped with the 
Craveri’s Murrelet cytochrome b sequence with high bootstrap 
support (93%). Xanthus’s murrelet (S. hypoleucus) was sister to 
the Craveri’s murrelet sequences. This result demonstrates that 
the eggshell was from a Craveri’s Murrelet and proves the recent 
nesting of this species on Isla Rasa. Although further studies are 
needed to determine the number of breeding individuals that occur 
on Isla Rasa and whether these breeding events result in successful 
fledging, this confirmed record demonstrates the reoccupation of 
a former nesting island by the species, a fact that enhances the 
potential for recovery of this endangered species.
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