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Vaquita 
Phocoena sinus 

Norris and McFarland, 1958 

Omar Vidal, Robert L. Brownell,Jr and Lloyd T. Findley 

Genus and Species 

Taxonomy 

Phocoena sinus was described by Norris and McFarland in 1958 from three skulls 
collected along the northeast shore of Punta San Felipe and at Bahia San Felipe, 
Baja California Norte (BCN), in the GulfofCalifornia, Mexico. Two of these spe­
cimens (holotype and a paratype) are deposited in the Museum of Vertebrate 
Zoology, University of California at Berkeley. The other, a paratype, is in the 
National Museum of Natural History, Smithsonian Institution, Washington, 
DC. The late Carl L. Hubbs suggested the specific name sinus to Norris and 
McFarland. In Latin it means "bay", referring to the occurrence of the species 
in the Gulf of California (Sea of Cortez). 

The six extant members of the family Phocoenidae are Phocoenaphocoena, P. spi­
nipinnis, P. sinus, Neophocaena phocaenoides, Phocoena dioptrica and Phocoenoides dalli. 
The first four have been placed in the subfamily Phocoeninae and the others in 
the subfamily Phocoenoidinae (Barnes, 1985). The geologically earliest undis­
puted fossil phocoenid is Salumiphocaena stocktoni (Wilson, 1973) from the late 
Miocene deposits in southern California (Barnes, 1985). Three other fossil pho­
coenids have been described: Piscolithax te4fordi Barnes, 198'} from latest 
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Miocene deposits in Mexico; P. longirostTis de Muizon, 1983 from Early Pliocene 
deposits in Peru; and P. horeios Barnes, 1984 from latest Miocene deposits in 
Mexico (Barnes, 1985). All these fossil phocoenids belong in the 
Phocoenoidinae. Several periotics of an undetermined fossil species of 
Phocoeninae were collected recently from the Pliocene at Santa Rosalia, Baja 
California Sur (BCS), Mexico (Vidal, 1991). 

Common names 

Vaquita "little cow") is the name used by local fishermen in the northern Gulf 
of California, Mexico, where for many years these porpoises have been taken 
incidental to fishing operations (Brownell et ai., 1987; Vidal, 1995). Cochito 

"little pig") had been a commonly used vernacular name for P. sinus because 
it was adopted by the International Whaling Commission.in 1975 (Mitchell, 
1975). However, in the Gulf of California, "cochito" is used for more than one 
species of small cetacean. The English name used for this animal is the Gulf of 
California harbour porpoise. 

Evolution 

Phocoenids have been hypothesized to represent a paedomorphic evolutionary 
lineage (i.e. some or several foetal or juvenile characters persist in adults). 
Although examples of paedomorphosis may be found in some species in other 
cetacean families, in no other family group is this phenomenon as universally pre­
sen ted and as pronounced as it is in the living phocoenids (Barnes, 1985). P. sinus 
appears to be strongly paedomorphic (L. G. Barnes, personal communication; 
Torre-Cosio, 1995). 

N orris and y1cFarland (1958) discussed the possible origin ofP. sinus from the 
Northern Hemisphere P. phocoena or from P. spinipinnis, which lives off South 
America. Although P. sinus is in some respects in termediate between both species, 
they favoured P. spinipinnis as the more likely ancestor because the cranium ofP. 
sinus resembles that of P. spinipinnis more than that of P. phocoena. Noble and 
Fraser (1971) noted that the axial skeleton of P. sinus suggests a closer affinity to 
P. spinipinnis than to P. phocoena. All of the axial skeleton material that we and a 
colleague (Torre-Cosio, 1995) have examined agrees generally with the speci­
men described by Noble and Fraser (1971). 

Externally, P. sinus lacks the peculiarly shaped and heavily tuberculated dorsal 
fin of P. spinipinnis. A few low tubercles do appear along the leading edge of the 
fin and are more pronounced in older individuals. The relative sizes ofthe flippers 
and several other external measurements ofP. sinus are closer to those of P. spini­
pinnis than they are to P. phocoena (Brownell et al., 1987). Thus, P. sinus and P. spi­
nipinnis appear to be more closely related. \Ve believe, as Norris and McFarland 
(1958) suggested, that P. sinus probably evolved as a result ofa northward move­
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ment ofan ancestral P. spinipinnis-like population into the Gulfof California dur­
ing one of the Pleistocene glacial ages. 

This porpoise is restricted to the relatively shallow waters of the northern Gulf of 
California, with most ofthe records from near San Felipe, Rocas Consag, and EI 
Golfo de Santa Clara (Fig. I). This distribution is based only on confirmed 
records, and other reputed records of the species in the southern Gulf of 
California are considered unreliable (Brownell, 1986). Ninety confirmed records 
of P. sinus have been collected, all north of Puertecitos (BCN) and Puerto 
Penasco, Sonora (Vidal, 1991, 1995; Brownell, 1986). 

The distribution of this porpoise in the upper Gulf of California appears to be 
highly localized, with the highest densities offshore of San Felipe and Rocas 
Consag, and offshore of El Golfo de Santa Clara (Silber, 1990a; Silber and 
Norris, 1991; Gerrodette et al., 1995; Vidal, 1995). An analysis of all available 
sightings led Silber (1990a) and Silber and Norris (1991) to suggest that vaquitas 
occupy the northern Gulfyear-round. 

Two unconfirmed sightings in 1983 near Isla Cerralvo, in the southern Gulfof 
California (about 850 km south of the southernmost confirmed sighting), were 
reported by Silber (1990a). A strong EI Nino (E~SO) event occurred during 
1982-1983, and water temperatures were unusually high at that time in the 
southern Gulf (Cane, 1983). Extralimital range records have been reported for 
most species of cetaceans around the world for various reasons, including EI 
Nino events. Therefore, these southern Gulf records, ifvalid, may be extralimital 
and thus do not necessarily imply a wider geographic range for this porpoise. In 
the absence of confirmed records (i.e. voucher specimens or photographs) from 
the southern Gulf: we conclude that this species' normal range is confined to the 
northernmost Gulf of California and is the most restricted range of any marine 

Vaquitas are known only from relatively shallow waters. Silber (1990a) reported 

51 sightings in water depths of 13.5-37 m, and most of these sightings were 11­
25 km from shore. All but two of the sightings were less than 40 km from San 


. Felipe (mainly between this locality and Rocas Consag). Water visibility ranged 

from 0.9 m to 12 m. Both of the sightings by Wells et al. (1981) were in water 

depths of around 19 m, and were about l8 km from shore. All known incidental 

entanglements of this species in gill nets have occurred in water depths of from 
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FIG. I Range of the vaquita, Pltocoena sinus: circles indicate beached specimens, squares 
indicate incidental mortality in gill nets, and hexagons indicate sightings. 

4 m to 36 m (estimated by the fishermen operating the nets or by reference to nau­
tical charts) and between 3 km and 33 km from shore (Vidal, 1995). 

External Characteristics 

Colour pattern 

Generally the pigmentation pattern (Figs 2 and 3) can be divided into three 
parts: dark-grey cape, pale-grey lateral field, and white ventral field (terminol­
ogy of Perrin, 1972; Perrin et at., 1981). The most conspicuous features of the col­
oration are the relatively large black eye and lip patches, which contrast sharply 
with the surrounding light grey of the side of the head and thoracic regions. The 
flipper stripe is also a dominant feature of the coloration. The shapes of the eye 
patch, lip patches, and flipper stripe all vary slightly among individuals. 
Additional details of the colour pattern are given by Brownell et al. (1987). 



FIG.2 Lateral view ofvaquita, Phocoena sirIUs. (Drawing by Pieter A. Folkens) 

Size and shape 

This species is the shortest of all delphinoids. Two recently studied series of 13 
(Brownell et al., 1987) and 30 (Vidal, 1995) specimens ranged from 70.3 em to 
148.2 cm in total length. A near-term foetus measured 71.5 cm. Some selected 
external measurements are given in Table 1. No significant sexual dimorphism 
was noted in any of these measurements. 

As with other phocoenids, the vaquita is small but robust, with a mean maxi­
. mum girth (measured just in front of the anterior insertion of the dorsal fin) of 
about 70% of total length. In lateral view, the head appears as a truncated cone 
with the posterior part of the melon sloping downward towards the blowhole, 
especially in adult males (Fig. 2). Anteriorly, the melon slopes abruptly to the 
snout tip. There is no "beak" present, but the snout protrudes very slightly from 
the base of the melon. The lower jaw does not project beyond the snout tip as it 
does in most delphinoids. The flippers are attenuated and apically pointed (Figs 
2 and 3), much like those of P. spinipinnis and unlike those of P. phocoena. The 
shape and height of the dorsal fin (Fig. 2) is the most striking external feature of 
P. sinus. It is proportionally much higher than in other species of Phocoena. The 
shape is roughly triangular, with the anterior edge slightly convex and longer 
than the posterior edge, which is nearly straight or slightly concave. In the 
mature males we have examined, the dorsal fin is taller and less falcate (i.e. 
more erect). The genital aperture in males, as in some other phocoenids, is closer 
to the umbilicus than to the anus, which contrasts with the condition typical of 
many other delphinoids. 

Small tubercles of variable development were present along the upper 112 to 
3/4 of the anterior edge of the dorsal fin. These were more prominent and more 
numerous in some of the largest individuals. Although the tubercles were promi­
nent to the touch in the larger individuals, none of our specimens had the more 
prominent horny tubercles found in P. spinipinnis (Allen, 1925; Brownell and 
Praderi, 1984). All of the 17 males we examined had a small, blind opening (not 
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FIG. 3 External views ofPhocoena sinus incidentally caught near EI Golfo de Santa Clara, 
Sonora, Gulfof California, Mexico. (Photos by J. M. Nava) 
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Ranges ofselected external measurements (cm) ofvaq uitas, Phocoena 
sinus, from Brownell et al. (1987), based on a sample size of 12 

Percentage 
Range Mean of mean 

Total length 90.3-143.5 113.7 
Tip ofupper jaw to: 

angle ofgape 4.9-11.8 6.9 6.1 
centre ofblowhole 8.0~13.0 10.3 9.1 
centre ofeye 8.5-12.0 10.6 9.3 
auditory meatus 12.6-17.6 15.5 13.6 
ant. insertion flipper 18.0--25.3 21.9 19.3 
umbilical scar 42.5-61.0 50.2 44.1 
tip ofdorsal fin 54.5-85.0 68.8 60.5 
centre ofgenital sli t 52.0--95.0 70.0 61.6 
centre ofanus 66.1~IOO.1 79.1 69.6 

Ant. length offlipper 17.5-29.1 23.5 20.7 
",J: 13.2-22.5 17.7 15.6I kcill,lmg,h ormpp"f'i . Max. width of flipper 6.4-10.1 8.5 7.5 ~, 

Height ofdorsal fin 9.6-15.0 12.3 10.8;') 
~.;i Length of dorsal fin base 12.7-21.0 16.3 14.3 

Width of flukes 23.8-44.7 34.6 30.4 
Width of fluke, from notch to nearest 7.2-10.9 9.3 8.2 

point on anterior border 
Depth ofnotch 1.2-2.6 1.9 0.2 
Width of blowhole 1.7-2.8 2.3 0.2 
Girth, at axilla 51.5-75.5 65.7 57.8 
Girth, maximum 63.0--93.0 77.0 67.7 
Girth, at anus 38.5-58.0 47.2 41.5 

yet described in detail) just anterior to the anus that appeared to be much like 
that described for }feophocaena phocaenoides by Nishiwaki and Kureha (1975). 
One of the males had two of these openings (parallel to each other). 

The four largest males (134.5, 135, 142.2 and 144cm) and the nine largest 
females (135,135,135,139.7,139.7,140.5,140.9, 143.5 and 148.2cm) examined 
by Brownell et ai. (1987) and Vidal (1995) were all physically mature. Three 
additional large specimens include two females (both dehydrated and decom­
posed), 139 em and 150 cm; and one male (decomposed), 145 cm long 
(Brownell, 1982; Silber and Norris, 1991). Although the sample is small, the 
maximum female body length is greater than that ofmales, as in the harbour por­
poise, P. phocoena. 
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Weight 

Whole body weights of the above-mentioned 43 fresh specimens ranged from 
7.5 kg to 47.5 kg. The total lengths of these specimens ranged from 70.3 cm to 
148.2cm. 

Internal Anatomy 

Skull 

~orris and McFarland (1958) described the first skulls, and additional details 
were reported by Orr (1969), Noble and Fraser (1971), Brownell (1983), 
Magatagan et at. (1984), Barnes (1985), G. Carvallo and L. T. Findley (unpub­
lished data), and Torre-Cosio (1995). The adult skulls are smaller, and have rela­
tively much broader and shorter rostra than those of other phocoenids. The 
condylobasallengths of 36 skulls (of immature and mature individuals) range 
from 180 mm to 243 mm. Ranges of additional selected skull measurements (in 
mm) are zygomatic width 123-157 (n = 21), mandible length 158-184 
(n = 21), and rostral length 79-93 (n = 17) (Brownell, 1983 and unpublished 
data; Torre-Cosio, 1995). The skull is illustrated in Fig. 4. The tympanic bullae e 
and periotics were ill ustrated by Brownell (1983). 

The teeth have spatulate crowns and essentially are uniform throughout the 
mouth, as in other species of Phocoena. In 24 specimens, the number of erupted 
teeth in the maxillary tooth rows was 16~-22 and in the mandibular tooth rows 
17-~20 (Brownell et at., 1987; O. Vidal, unpublished data). 

Postcranial skeleton 

In most individuals examined by us the first three ofthe seven cervical vertebrae 
were fused, as in P. spinipinnis. In three specimens the first four vertebrae were 
fused. In another specimen the fourth and fifth vertebrae were also fused but 
separated from the first three. There are 12 or 13 thoracic, 11-15 lumbar, and 
29-31 caudal vertebrae, with 19-23 chevron bones (Noble and Fraser, 1971; 
Brownell, 1983; Magatagan et at., 1984; L. T. Findley, G. Carvallo, and J. 
Torre-Cosio, unpublished data). The total number of vertebrae ranges between 
58 and 64. The first six or seven ribs have both capitular and tubercular attach­
ments to the vertebrae. Six or seven pairs ofsternal ribs are present ofwhich the 
first three are attached to the sternum. Based on counts from radiographs or pre­
pared flipper skeletons of nine individuals, the phalangeal formula is 12, II7- 1O, 

1II7~' IV1-S, V l- 2 (L. T. Findley and]. Torre-Cosio, unpublished data). 
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Blubber thickness 

The range ofblubber thickness in 19 vaquitas that varied in total length 
72.8 cm and 148.2 cm was: 8~33 mm mid-dorsal (adjacent to the anterior 
of dorsal fin), 8~ 19 mm mid-lateral, and 8-21 mm mid-ventral (0. 
unpublished data). The relative blubber weight in one of the smallest porp()i~ 
(93.5 cm) was 33.3% but only 26.5% in one of the largest specimens (148.2 

Internal organs 

Ranges of selected organ weights from 19 specimens we examined are nr"<PTlIM 

in Table 2. 

A1icroanatomy 

G. E. Michel (unpublished data) provides histological descriptions for tissues 
13 organs from a total of nine vaquitas. In general, the microanatomy ofP. 
was found to resemble that of other delphinoids, such as the bottlenose 
T ursiops truncatus. 

TABLE 2 Organ weights of the largest and smallest male and female 
vaquitas, Phocoena sinus 

Male Female Male Female 
Organ 93.5cm 105.9cm 142.2 em 148.2cm 

Heart 82.2 121.7 198.1 233.7 
Lungs 

left 180.7 149.9 204.7 436.4 
right 168.6 176.3 284.9 472.6 

Stomach 118.5 390.0 
Intestine 367.8 940.0 610.6 
Liver 300.0 502.0 806.3 1235.0 
Kidneys 

left 64.7 86.4 153.5 180.8 
right 65.3 92.4 142.0 177.3 

Pancreas 15.4 43.2 75.3 77.2 
Spleen 4.0 6.8 7.0 4.6 
Thyroid 5.0 
Adrenals 

left 1.0 1.7 3.5 6.3 
right 1.1 2.9 4.1 6.7 

Gonads 
left 4.0 284.3 
right 3.7 325.6 

Blubber 5.5kg 9.5kg 7.36 kg 

Total weight 16.5 kg 22.0 kg 42.50kg 
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Physiology and biochemistry 

Nothing has been published on the physiology or biochemistry of this porpoise. 
Recent genetic studies based on samples of vaquitas taken at different times and 
locations in the upper Gulf found no sequence polymorphisms (i.e. no genetic 
variability in mitochondrial DNA) which may represent the results ofa popula­
tion bottleneck, founder effect, or severe inbreeding in the species (Rosel, 1992; 
Rosel and Rojas-Bracho, 1993). 

Life History and Population Dynamics 

Growth and reproduction 

The life history ofthe vaquita appears, in many ways, to be similar to the harbour 
porpoise from the Bay of Fundy, Canada (Read and Gaskin, 1990). Nothing is 
known about the gestation period, but it is probably similar to that ofP. phocoena 
(about II months) (see also Hohn ct al., 1996). Neonates (n = 11) are approxi­
mately 70-78cm in total length and weigh at least 7.5kg; they are born mainly 
in March and April (Brownell, 1983; Brownell et al., 1987; Silber and Norris, 
1991; Vidal, 1995; Hohn et at., \996). Vidal (1995) also reported six other poss­
ible neonates (two referred to by fishermen as "very small" and the others esti­
mated by them at around 50, 60, 70, and 80 em) that died during fishing 
operations in March 1989 and February and April of 1990. Silber (1988, 1990a) 
reported seven calves (8.2% of all individuals) sighted during his surveys, six 
between 25 and 27 March 1986 and one "very young, probably less than two 
days old" on 9 April 1987. Based on the limited data, parturition occurs in the 
late winter and early spring, between February and April, with the peak of cal­
ving in late March and early April (Vidal, 1995; Hohn el al., 1996). The age 
structure ofa recently studied sample ofvaquitas killing in fishing nets was bimo­
dal, with 62% of the specimens of0-2 years and 31 % of the specimens of 11-16 
years (Hohn et al., 1996). The oldest individual was estimated to be 21 years 
(Hohn et al., 1996). 

We examined a total of 43 fresh individuals of known sex (19 males and 24 
females). The smallest adult male and female were 128.3 cm and 135 cm, respec­
tively. The weights of these two porpoises were 39 kg and 41 kg, respectively. 
Also, both of these porpoises were physically mature. The largest immature 
male and female were 127 cm and 128.7 cm long, respectively. 

Based on the minimum testes weights (i.e. the weight of the smaller of the pair, 
with the epididymis removed) of six males (284.3, 359.4, 480, 620, 642.1 and 
643.8 g), vaquitas appear to conform to the general delphinoid pattern oflarge 
testis size relative to body size noted by Kenagy and Trombulak (1986). Such 
relatively large testes suggest some type of multi-male breeding system. The 
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largest immature testis weight (i.e. the weight of the larger of the pair, with the 
epididymis removed) was 74.3 g. 

Abundance 

Little is known about the abundance of the vaquita. Although various sightings 
have been reported, many were opportunistic and do not allow reliable estimates 
of the population size of this porpoise. Prior to 1986, only one cruise was specifi­
cally planned to survey for P. sinus (Wells et ai., 1981). These authors surveyed a 
1959 km transect but recorded only two sightings. Since then, the only other sur­
veys wholly dedicated to P. sinus have been those ofG. K. Silber and co-workers 
(Silber, 1988, 1990a; Silber et al., 1988) and ofT. Gerrodette and his co-workers 
(Gerrodette etal., 1994, 1995). A total of4216km of boat and aircraft surveys 
conducted during 77 days in 1986-1989 resulted in only 58 sightings, represent­
ing a total of lID individuals (Silber, 1990a,b). Forty-three of these vaquitas (19 
sightings) were recorded during 1715 km of vessel transects, a sighting rate of 
2.51 individuals per 100 km surveyed (Silber, 1990a). The remainder of the 
sightings occurred during non-transect time (Silber, 1990b). In an aerial survey 
for vaquitas in the northern Gulf, there was only one certain sighting of two 
vaquitas and a possible sighting of another single vaquita (Barlowe/ al., 1993). 
Noting the difficulty of observing vaquitas in the turbid waters of the upper Gulf 
of California, it was recommended that ship surveys would be more effective for 
future surveys (Barlowetal., 1993). 

Only three serious attempts have been made to estimate the total size of the 
vaquita population. Based on Silber's censuses for 1986 (''3~'' individuals in 
"11" sightings; these figures were later amended by Silber (1988) to "27" and 
"12" respectively) and on 14 specimens caught incidentally in gill nets and exam­
ined during 1985 and 1986 (Findley and Vidal, 1985; Brownell et al., 1987; 
Robles et at., 1987), Barlow (1986) estimated ,'}0-100 individuals as an approxi­
mate lower limit for the population. He noted that it was not possible to estimate 
any upper limit based on the limited data. It appears that Barlow's minimum 
estimate was (understandably) too low. It is now known that a minimum ofl43 
vaquitas were killed in various fishing operations between March 1985 and 
January 1994 and an annual incidental mortality of 3,'} vaquitas was estimated 
(D'Agrosa et al., 1995; Vidal, 1995). Based on a largely separate data set, Turk­
Boyer (1989) and Turk-Boyer and Silber (1990) estimated that the annual fish­
ing-related mortality of vaquitas is 32. These recorded kills must represent only 
a fraction of the total number of vaqui tas that are killed in the various regional 
fishing operations. A population significantly larger than Barlow's (1986) esti­
mate would be necessary to permit this level ofmortality. 

Recently, the abundance of vaquitas was estimated from four surveys con­
ducted between 1986 and 1993, using a variety of methods (Barlow et ai., 1997). 
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A line-transect method was applied, using parameters from the harbour por­
poise. Vaquita abundance was estimated at 503 (CV = 0.63) from 1986-1993 
boat surveys, 885 (CV = 0.50) from 1988-1989 aerial surveys,S 72 (CV = 1.43) 
from a 1991 aerial survey, and 224 (CV = 0.39) from a 1993 ship survey. All of 
these abundance figures indicate that the species is at a critically low level. A 
weighted log-linear regression indicated a rate of population decline of about 
18% (95% CI = -43.2% to +19.3%) between 1986 and 1993. 

Based on four years of seasonal surveys, Silber (1990c) presented, but did not 
discuss quantitative details for, his estimate of200-500 individuals for the entire 
population. Silber and co-workers documented 16 sightings with 27 individuals 
for 1986, 22 sightings with 46 individuals for 1987, 13 sightings with 23 indivi­
duals for 1988, and seven sightings with 14 individuals for 1989. The total num­
ber of vaquitas observed is only 110. Given the brevity of most sightings 
(because of the low surfacing profile and relatively short time that this porpoise 
spends at the surface; e.g. see Silber et at., 1988; Silber, 1990b), the relatively 
restricted area searched (simply because of the restricted gcographical distribu­
tion of the vaquita), and the inherent difficulty of differentiating one individual 
from another, Silber and co-workers probably observed some of the same indivi­
duals during different days, months, and years. Thus, considering the scarcity of 
sightings relative to survey effort, the few individuals per sighting, and the lim­
ited geographical range of the vaquita, there can be no doubt that the population 
of this species is very small. 

Social organization 

Like other phocoenids, P. sinus occurs singly or in small groups. In 58 sightings, 
91 % comprised from one to three individuals, with a mean group size of 1.9 and 
a range of 1-7 (Silber, 1990a,b). Loose aggregations of vaquitas in which they 
were dispersed as single individuals or as small subgroups (from two to four mem­
bers, greatest number eight to ten) throughout several hundred square metres 
were observed by Silber (1988). All previous sightings comprised from one to 
three vaquitas (Norris and McFarland, 1958; Norris and Prescott, 1961; Wells 
etai., 1981; Vidal etai., 1987). 

Wells et al. (1981) suggested that these porpoises typically avoid boats, but 
Silber et at. (1988) noted no apparent response to their small boat when following 
two different female/calf pairs for several hours at distances of 40-200 m, nor to 
the presence of several nearby fishing skiffs. In each case, however, abbreviated 
surfacing sequences were noted as a possible reaction to the boats. 
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A10vements 

Nothing is available on local or regional movements. Most sightings of these por­
poises have been made in a relatively small area during winter and spring months 
(the seasons when most surveys have been carried out). 

Feeding 

The remains of bronzestriped grunt, Orthopristis reddingi (Haemulidae), and Gulf 
croaker, Bardiella icistia (Sciaenid ae), were recovered from the stomach ofone P. 
sinus carcass north of San Felipe in 1965 (Fitch and Brownell, 1968). Both fishes 
are found throughout the demersal zone of the northern Gulf of California. 
Another beached specimen, collected near E1 Golfo de Santa Clara in 1984, had 
remains ofsciaenid fishes ("croakers") in its stomach (R. L. BrownellJr., unpub­
lished data). Two vaquitas collected in 1988 contained several whole fish ("prob­
ably Anchoa nasus or Sardinops spp."), numerous unidentified fish otoliths, and 
squid beaks (Silber, 1990b). If generic identification of the Sardinops is correct, 
then it could only be S. sagax caerulea, the Pacific sardine. Squid beaks, 
Lolliguncula panamensis, were also found in the stomachs of the porpoises collected 
in 1965 and 1984. Stomach contents of six vaquitas necropsied by us in 1985 
yielded upper and lower beaks of the squids L. panamensis (103 total beaks and 
one whole squid body) and Loliolopsis diomedeae (25 total beaks) (F. G. 
Hochberg, personal communication). The former species was present in all six 
stomachs analysed, and the latter species was found in two of the six stomachs. 
These squids appear to be abundant in coastal waters throughout the Gulf of 
California and southward. A recent analysis ofstomach contents from 24 vaquita 
showed the presence of the same two sq uids plus 17 species of teleost fishes. The 
sample did not include Sardinops or Anchoa nasus, although five other species of 
anchovies were present. Also, the other 12 species of fishes encountered did not 
include the two species reported by Fitch and Brownell (1968), but we have no 
doubts about their identifications. All of the 17 fish species can be classified as 
demersal and/or benthic species inhabiting relatively shallow water in the 
upper GulfofCalifornia, and it appears that the vaquita is a rather non-selective 
feeder on small fishes and squids in this zone (Findley et al.) in prep.). 

Association with other species 

No mixed-species aggregations have been encountered, but Silber (1990a) 
reported two sightings of Bryde's whales, Balaenoptera edeni, and three sightings 
of common dolphins, Delphinus delphis, within < 1 km and < 1.5 km of groups of 
P. sinus, respectively. ~umerous black storm petrels, Oceanodroma melania, and 
Bonaparte's gulls, Larus philadelphia, were observed dipping into the wake ofsur­
facing vaquitas (Silber, 1990a). 
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Predation 

Several shark fishermen ofEI Golfo de Santa Clara, who regularly capture vaqui­
tas incidentally, reported to one of us (O.V.) that in February to May 1990 and 
1991 they found whole or chewed parts ofvaquitas in the stomachs ofseveral spe­
cies of large sharks. The sharks were identified from photographs and/or jaws 
provided by the informants, and they included at least six species: great white 
(Carcharodon carcharias) , shortfin mako (lsurus oxyrhynchus) , lemon (Negaprion hre­
virostris), black-tipped (Carcharhinus limhatus), bigeye thresher (Alopias supercilio­
sus) and broad-snout seven-gill (Notorhynchus cepedianus) (Vidal, 1995). Both the 
great white and shortfin mako are known locally as "tiburones tonina" or "dol­
phin sharks" because of the nearly equal sizes of their caudal-fin lobes. On 18 
February 1990, the stomach from a great white shark about 3 m long and 160 kg 
in weight was said to contain a vaquita that was bitten into three pieces. Two 
more "tiburones tonina", caught in March 1985 and in early February 1990, 
reportedly each had a vaquita in their stomachs. These sharks may attack free­
swimming vaquitas, or perhaps feed on individuals trapped in gill nets, or both. 
Other large sharks that may be considered as potential predators of vaquitas 
include the tiger shark (Galeocerdo cuvier) and the scalloped hammerhead 
(Sphyrna lewini). 

Killer whales, Orcinus orca, are potential predators ofP. sinus. Killer whales are 
not uncommon in the Gulf of California (Vidal et at., 1993), and they have been 
observed harassing and attacking large cetaceans (Vidal and Pechter, 1989; 
Silber et ai., 1990), but no information is available regarding possible predation 
by them upon vaquitas. 

Swimming and diving 

Silber et at. (1988) provided the only available information on the behaviour and 
ventilation cycles of the vaquita. Two different female/calf pairs were observed 
for periods of about 3 hr each. Dive characteristics were similar to those reported 
for P. phocoena. However, mean dive times (see definition for this and the following 
terms in Watson and Gaskin, 1983), roll intervals, surface times, and rolls per sur­
facing reported for P. phocoena by Watson and Gaskin (1983) were of somewhat 
greater length than those of P. sinus. 

Sound production 

High frequency sounds were recorded near free-ranging vaquitas in 1986 and 
1987 (Silber, 1991). Clicks were sharp, intense, and narrow band 
(x = 17.1 ± s.d. 5.38 kHz) signals in a frequency range of 122.2-146.9 kHz. The 
duration of these clicks was 79-193 ilsec. The acoustic signals produced by P. 
sinus are similar to those reported for other phocoenids and for one genus of dol­
phins (Cephalorhynchus spp.) (Evans et at., 1988). 
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Parasites and Diseases 

Commensal pseudo-stalked barnacles, Xenohalanus glohicipitis, were found 
attached on or near the posterior edges of the dorsal fins, flippers and/or flukes 
of 14 of 43 fresh vaquitas examined by us. Neither of the larval cestodes 
(Phyllohotrium sp. and lvfonorygma sp.) that have been found in most genera ofmar· 
ine odontocetes was present in the individuals we examined. 

Three parasitic trematodes from the intestine of a vaquita were identified as 
Synthesium tursionis and utilized in a redescription of this species by Lamothe­
Argumedo (1988). Although this author noted several characters that differed 
from "typical" specimens of this species, he considered them to be minor and 
not worthy of recognition as a new species. However, examination ofa separate 
specimen of Synthesium from a different vaquita necropsied by us has led M. D. 
Dailey (California State University at Long Beach, personal communication) 
to believe that recognition of a new species may be warranted. More specimens 
are needed to clarify the taxonomic status of this trematode in P. sinus. In materi­
als resulting from necropsies of eight vaquitas in 1985, M. D. Dailey (personal 
communication) identified two specimens of the nematode Crassicauda sp., one 
from muscle connective tissue in the area of a mammary gland of one vaquita, 
and the other located in the blubber layer I cm below the skin and 5 cm anterior 
to the anus of the other vaquita. Unidentified larval nematodes were found in 
the stomachs of three vaquitas from the same sample and from muscle tissue in 
the area adjacent to a mammary gland (one vaquita) and the wall of the pleural 
cavity (one vaquita). 

Live Maintenance 

No vaquitas have been maintained in captivity. 

Human Effects 

By-catches 

The major human-induced problem affecting this species is incidental mortality 
in fishing gear. Vaquitas frequently die in illegal and sporadically permitted 
"survey-sampling" gill nets set for the endemic and endangered large corvina­
like fish called the "totoaba" (Totoaha macdonaldi); in legal gill nets set for sharks, 
rays, mackerels (Scomheromorus sierra and S. conGolor) , chano (lvficropogonias 
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megalops) (a "croaker"), and shrimp (Penaeus spp.); and occasionally in commer­
cial shrimp trawls. 

The commercial fishery for totoaba in the upper Gulf of California, initially 
using primitive gill nets, had started by at least the mid-1930s, and unidentified 
small cetaceans were taken at that time (Brownell, 1982). More efficient nylon 
gill nets were used during (and probably before) the 19608 and 19708. After a 
peak catch of 2261 tons of totoaba meat in 1942, and despite intensified fishing 
efforts, the annual catches declined to a minimum of approximately 59 tons in 
1975. As a consequence of this dramatic decline, the Mexican government 
declared an indefinite closed season that prohibits any capture of these fish by 
commercial and sport fisheries (Flanagan and Hendrickson, 1976). Despite the 
closure, illegal fishing for totoaba continued off EI Golfo de Santa Clara and 
San Felipe until at least January 1994 (Roman Rodriguez, 1990; Lagomarsino, 
1991; D'Agrosa et al., 1995; Vidal, 1995). Although lacking any quantitative 
data, some fishing cooperatives in the northern Gulf have claimed that the 
totoaba stock has recovered and that the fishery should be legally reopened. 
This pressure has resulted in the issuing of some temporary permits (since 1983) 
for gill net operations by the Secretariat of Fisheries (SEPESCA) to assess the 
population status of totoaba or to study various aspects of its biology (Findley 
and Vidal, 1985; Rosales and Ramirez, 1987; Barrera-Guevara, 1992; Vidal, 
1995). To date, however, efforts to assess the totoaba population have proved 
unsuccessful. Between March 1985 and January 1994, 76 vaquitas were con­
firmed to have been killed incidentally in totoaba gill nets (Vidal, 1995). 

In addition to gill net fishing for totoaba (mesh size 20-30.5 cm), a gill net fish­
ery for several species oflarge sharks and rays (mesh size ID--15cm) has been 
growing rapidly in the upper Gulf of California since the early 1940s, probably 
together with the totoaba fishery. The shark fishery continues to operate without 
control (Vidal et al., 1994; D'Agrosa et at., 1995). In recent years, a gill net fishery 
for mackerel (Scomberomorus spp.), chana (Micropogonias megalops) and various 
species of small sharks (mesh size 8.5 em) has started in the upper Gulf. Between 
1985 and 1994, the shark and ray, mackerel, and chano fisheries have inciden­
tally captured at least 45 and three vaquitas, respectively (D'Agrosa et at., 1995; 
Vidal, 1995). Also, four vaquitas were killed during 1993-1994 in gill nets 
("ehinchorro de linea") (D'Agrosa et al., 1995). 

Norris and Prescott (1961) briefly mentioned a report by a fisherman who had 
accidentally captured vaquitas in a shrimp trawl. The deaths of nine vaquitas in 
shrimp trawls (two in 1985, one in 1988, two between 1984 and 1989, three in 
1990, and one in 1993) were reported to O. Vidal, A. Robles, or C. D'Agrosa by 
residents ofEI Golfo de Santa Clara or San Felipe. All the porpoises taken were 
referred to as "very small", probably calves or juveniles. Considering the large 
number (ca. 500) of shrimp boats operating in the upper Gulf of California at 
the beginning of each typical shrimping season, this fishery poses an additional 
threat to vaquitas, particularly younger ones. 
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Pollution 

Concerns have been expressed about organochlorine pollutants in the food web 
containing the vaquita in the upper Gulf of California (Barlow, 1986; 
Klinowska, 1991). Based on high concentrations of DDT in bivalve molluscs 
near the mouth of the Colorado River, Guardado (1975) concluded that the 
adjacent Mexicali Valley, with all of its agricultural activities, is an important 
source of pollutants in the upper Gulf of California. In the past, pollutants 
could also have been carried to the upper Gulf by Colorado River water used 
for irrigating agricultural areas in the southwestern United States. Today, in 
years with normal precipitation, essentially all of the surface flow of the 
Colorado River is diverted and utilized before it reaches the Gulf (Flanagan 
and Hendrickson, 1976). When samples of blubber from eight vaquitas, inci­
dentally killed in fishing activities during 1985 (see Brownell et ai., 1987) were 
analysed for chlorinated hydrocarbons (Calambokidis et ai., 1993), relatively 
low concentrations of total DDT, alpha-BHC, and PCBs were found. These 
low concentrations were generally much lower than those reported for various 
odontocetes and marine birds from most other areas. Henny and Anderson 
(1979) reported pesticide residues (DDE and PCBs) in osprey, Pandion haiiaetus, 
eggs from the Gulf of California that were among the lowest for this fishing 
bird in North America. Therefore, it appears that chlorinated hydrocarbons 
do not pose as great a threat to the vaquita population in the Gulf of 
California as they may for some populations of small cetaceans in other areas. 

Barlow (1986) reported that exploratory drilling for oil and natural gas started 
in the uppermost Gulf in the early 1980s. However, the two drilling platforms 
that were erected near Puerto Penasco and El Golfo de Santa Clara have been 
removed (Barlow, 1986). We know of no other planned exploration for fossil 
hydrocarbons in the upper Gulf at this time. Future development, however, 
could pose a serious problem for the vaquita and other species of marine organ­
isms if a large oil spill occurred in the upper GulfofCalifornia. 

Acknowledgments 

We thank L. G. Barnes, R. R. Reeves, G. K. Silber, and T.Jefferson for reading 
earlier drafts of this paper and for providing useful comments and discussion 
about vaquitas over the years. J. Torre-CosIo, M. Tahuilim, E. Arizmendi, M. 
Guerrero, S. Fernandez and G. Carvallo assisted with cranial meristic and mor­
phometric data and osteology of recently collected material. O.V. thanks P. 
Cend6n for her help and support during the 1990~1992 field season. Special 
thanks are due to A. Robles, Conservation International Mexican Program 
(Mexico, D.F.) for providing unpublished data on vaquita incidental mortality 
during 1985 and 1986 and for much help over the years in studying these animals. 



i 

~~D L. T. FINDLEY 

ltS in the food web 
(Barlow, 1986; 

l bivalve molluscs 
:mcluded that the 
s, is an important 
e past, pollutants 
River water used 
States. Today, in 
:facc flow of the 
e Gulf (Flanagan 
ht vaquitas, inci­
etal., 1987) were 
1993), relatively 

ere found. These 
lorted for various 
ly and Anderson 
, Pandion haliaetus, 
>t for this fishing 
ed hydrocarbons 

in the Gulf of 
IS in other areas. 
atural gas started 
Irilling platforms 
Clara have been 
oration for fossil 
)ment, however, 
ofmarine organ­

~rson for reading 
s and discussion 
. Arizmendi, M. 
leristic and mor­
O.V. thanks P. 
season. Special 

exican Program 
:fental mortality 
19 these animals. 

VAQUITA 375 

The vaquita drawing was prepared by Pieter A. Folkens and Fig. 1 was prepared 
by J. Torre-Cosio. The skulls shown in Figs 5 and 6 were provided courtesy of 
the San Diego Natural History Museum. Susan 'Wright and Karen Handschuh 
typed and corrected various drafts of this chapter. 

Riferences 

Allen, A. (1925). Burmeister's porpoise (Phocoena spinipinnis). Bull. Mus. Compo Zool. 
Harvard College 67,251-261 + 4 pits. 

Barlow,]. (1986). Factors affecting the recovery of Phocoena sinus, the vaquita or Gulf of 
California harbor porpoise. NOAA, NMFS, Southwest Fisheries Center 
Administrative Report L]-86-37. 

Barlow,]., Fleischer, L., Forney, K. and Maravilla, C. O. (1993). An experimental aerial 
survey for vaquita (Pho(oena sinus) in the northern Gulf of California, Mexico. Afar. 
Mamm. Sci. 9, 89-94. 

Barlow,]., Gerrodette, T. and Silber, G. (1997). First estimates of vaquita abundance. 
Afar.lv/amm. Sci. 13, 44-':l8. 

Barnes, L. G. (1985). Evolution, taxonomy and anti tropical distribution of the porpoises 
(Phocoenidae: Mammalia). Afar. Afamm. Sci. 1, 149-165. 

Barrera-Guevara,]. C. (1992). Biologia reproductiva de la totoaba Totoaba macdonaldi 
(Gilbert, 1890) (Teleostei: Sciaenidae). Tesis de Maestria, Inst. Teen. y Est. Sup. de 
Monterrey, Campus Guaymas. 

Brownell]r., R. L. (1982). Status of the cochito, Phocoena sinus, in the Gulfof California. 
(FAO Advisory Committee on Marine Resources Research. Mammals in the Seas: 
Small Cetaceans, Seals, Sirenians, and Otters), FA 0 Fisheries SeT. 5, Vol. 4, pp. 85-90. 

Brownell]r., R. L. (1983). "Phocoena sinus". Mammalian Species No. 198,3 pp. 
Brownell]r., R. L. (1986). Distribution of the vaquita, Phocoena sinus, in Mexican waters. 

Mar. Afamm. Sci. 2, 299-305. 
Brownell]r., R. L., Findley, L. T., Vidal, 0., Robles, A. and Manzanilla, N. S. 

External morphology and pigmentation of the vaquita, Phocoena sinus 
Mammalia). Mar. Alamm. Sci. 3, 22-30. 

Brownell] r., R. L. and Praderi, R. (1984). "Phocoena spinipinnis". Mammalian Species No. 
21 i, 't pp. 

Calambokidis]., Findley, L. T., Brownell]r., R. L. and Barlow,]. (1993). Chlorinated 
hydrocarbon concentrations in the Gulf of California harbor porpoise (Phocoena 
sinus). In Abstracts of the Tenth Biennial Conference on the Biology of Marine 
Mammals, November, Galveston, TX, p. 13. 

Cane, A. M. (1983). Oceanographic events during EI Nino. Science 222, 1189-1195. 
D'Agrosa, C., Vidal, O. and Graham, W. C. (1995). Mortality of the vaquita (Phocoena 

sinus) in gillnet fisheries during 1993-94. Rep. Int. Whal. Commn, Spec. Issue No. 16, 
Cambridge. 

Evans, W. E., Awbrey, F. T. and Hackbarth, H. (1988). High frequency pulses produced 
by free-ranging Commerson's dolphin (Cephalorkvnchus commersonii) compared to 
those ofphocoenids. Rep. Int. IVhal. Commn, Spec. Issue No.9, Cambridge. 

Findley, L. T. and Vidal, O. (1985). La marsopa del Golfo de California. Informacion 
CientijicaJ Tecnol6gica (Mexico) 7 ( I 05), 15. 

Findley, L. T., :-.rava,]. M. and Torre-Cosio,]. (in prep.). Food habits of the vaquita. 
Fitch,]. E. and BrowneIlJr., R. L. (1968). Fish otoliths in cetacean stomachs and their 

importance in interpreting feeding habits.]. Fish. Res. Bd Can. 25, 2561-2574. 



376 O. VIDAL, R. L. BROWNELL, jR AND L. T. FINDLEY 

Flanagan, C. A. and Hendrickson,]. R. (1976). Observations on the commercial fishery 
and reproductive biology of the totoaba,G)nascion macdonaldi, in the northern Gulfor 
California. Fish. Bull. ( U.S.) 74, 531 ~544. 

Gerrodette, T., Barlow,j., Taylor, B. L. and Silber, G. S. (1994). First population esti­
mates of the endangered porpoise, Phocoena sinus, with implications for monitoring 
small populations. In Abstracts of the 1994 International Meeting of the Society for 
Conservation Biology, june, Guadalajara, Mexico, p. 90. 

Gerrodette, T., Fleischer, L. A., Perez-Cortes, H. and Villa-Ramirez, B. (1995). 
Distribution ofthe vaquita, Phocoena sinus, based on sightings from systematic surveys. 
Rep. Int. Whal. Commn, Spec. Issue Ko. 16, Cambridge. 

Guardado, P.j. (1975). Concentraci6n de DDT y sus metabolitos en especies filtraoali­
mentadores y sedimentos en el Valle de Mexicali y alto Golfo de California. Calif. 
Coop. Ocean. Fish. Invest. Rep. 18, 73~80. 

Henny, C. j. and Anderson, D. W. (1979). Osprey distribution, abundance, and status in 
western North America: III. The Baja California and GulfofCalifornia population. 
Bull. So. Calif Acad. Sci. 78, 89~106. 

Hohn, A. A., Read, A.j., Fernandez, S., Vidal, O. and Findley, L. T. (1996) Life history 
of the vaquita, Phocoena sinus (Phocoenidae, Cetacea). }. Zool. Lond. 39, 235-251. 

Kenagy, G.j. and Trombulak, S. C. (1986). Size and function of mammalian testes in 
relation to body size.]. ivfammal. 67,1-22. 

Klinowska, M. (1991). Vaquita. In "Dolphins, Porpoises and Whales of the World", The 
IUCN Red Data Book, pp. 105-108. IUCN, Gland, Switzerland. 

Lagomarsino, 1. V. (1991). Endangered species status review: Totoaba macdonaldi. KOAA, 
NMFS Southwest Region Administrative Report SWR-91-01. 

Lamothe-Argumedo, R. (1988). Trematodos de mamiferos III. Hallazgo de Synthesium 
tursionis (Marchi, 1873) Stunkard y Alvey 1930 en Phocoena sinus (Phocoenidae) en eI 
Golfo de California, Mexico. An. Inst. BioI. Univ. Natl. Auton. lvfexico, Ser. Zool. 58, 
11-19. 

:vIagatagan, :M. D., Boyer, E. H. and Villa-Ramirez, B. (1984). Revision del estado que 
guarda Phocoena sinus Norris and McFarland y descripcion de tres nuevos ejemplares. 
An. Inst. Biol. Univ. Natl. Auton. Mexico, Ser. Zool. 55,271293. 

Mitchell, E. D. (1975). Review of the biology and fisheries for smaller cetaceans.]' Fish. 
Res. BdCan. 32, 875-1240. 

Nishiwaki, M. and Kureha, K. (1975). Strange organ in the anal region of the finless por­
poise. Sci. Rep. Whales Res. Inst. 27, 139-140 + I pit. 

Noble, B. A. and Fraser, F. C. (1971). Description of a skeleton and supplementary notes 
on the skull of a rare porpoise Phocoena sinus Norris and McFarland, 1958.]. Nat. 
Hist. Land. 5, 447-464. 

Norris, K. S. and McFarland, W. N. (1958). A new harbor porpoise of the genus Phocoena 
from the Gulf ofCalifornia. ]. Mammal. 42, 22-39. 

Norris, K. S. and Prescott,j. H. (1961). Observations on Pacific cetaceans ofCalifornian 
and Mexican waters. Univ. Calif. PuM. Zool. 63, 291-402. 

Orr, R. T. (1969;. An additional record of Phocoena sinus.}. Mammal. SO, 384. 
Perrin, W. F. (1972;. Color patterns of spinner porpoises (Stenella cf. S.longirostris) of the 

eastern Pacific and Hawaii, with comments on deJphinid pigmentation. Fish. Bull. 
(U.S.) 70, 983~1003. 

Perrin, W. F., Mitchell, E. D., Mead,]. G., Caldwell, D. K. and van Bree, P.j. H. (1981). 
Stenella clymene, a rediscovered tropical dolphin of the Atlantic.]' Mammal. 62, 583­
598. 

Read, 	A.]. and Gaskin, D. E. (\990). Changes in growth and reproduction of harbour 
porpoises, Phocoena phocoena, from the Bay of Fundy. Can.]. Fish. Aquat. Sci. 47,2158­
2163. 



,FI~DLEY 

rcial fishery 
lern Gulfof 

Ilation es ti­
monitoring 
Society for 

B. (1995), 
tic surveys. 

, filtraoa li­
mia. Calif 

ld status in 
opulation. 

,ife history 
.-251. 
n testes in 

.rld", The 

I. NOAA, 

Synthesium 
dae)eneJ 
Zool.58, 

;tado que 
~mplares. 

,.J. Fish. 

lless por­

iry notes 
.J. Nat. 

Phocoena 

ifornian 

s) of the 
sh. Bull. 

(1981) . 
i2, 583~ 

larbour 
, 2158~ 

VAQUITA 377 

Robles, A., Vidal, O. and Findley, L. T. (1987). La totoaba y la vaquita. Informacion 
Cientificay Tecnologica ( Mexico) 9 ( 124), 4-6. 

Roman-Rodriguez, M.]. (1990), Alimentacion de Totoaba macdonaldi (Gilbert) (Pisces: 
Sciaenidae) en la parte norte del alto Golfo de California, Ecologica (Centro 
Ecologico de Sonora, Hermosillo, :Mexico) 1, I ~9. 

Rosales,]. F, and Ramirez, G. E, (1987), "Estado Actual del Conocimiento Sobre la 
Totoaba (Gynoscion macdonaldi) Gilbert, 1890 [sic 189IJ". Secretaria de Pesca de 
Mexico. 

Rosel, P, E. (1992). Genetic population structure and systematic relationships of some 
small cetaceans inferred from mitochondrial DNA sequence variation. Ph.D, disser­
tation, University ofCalifornia at San Diego, 19/ pp. 

Rosel, P. E. and Rojas-Bracho, L. (1993). Genetic variation, or lack thereof, in the 
vaquita. In Abstracts of the Tenth Biennial Conference on the Biology of Marine 
Mammals, November, Galveston, TX, p. 13. 

Silber, G. K. (1988). Recent sightings of the Gulfof California harbor porpoise (Phocoena 
sinus). J. Mammal. 69,430-433. 

Silber, G. K. (1990a). Occurrence and distribution of the vaquita (Phocoena sinus) in the 
northern GulfofCalifornia. Fish. Bull. (U.S.) 88, 339~346. 

Silber, G. K. (1990b). Distributional relations of cetaceans in the northern Gulf of 
California, with special reference to the vaquita, Phocoena sinus. Ph.D. dissertation, 
University of California at Santa Cruz. 

Silber, G. K. (1990c). Summary offield study of the vaquita, Phocoena sinus. Presented to 
the Environment Committee, the Commission of the Californias, 18-20 January, 
Tijuana, Baja California, Mexico. 

Silber, G. K. (1991). Acoustic signals of the vaquita (Phocoena sinus). Aquat. Mamm, 17, 
130-133. 

Silber, G. K., Newcomer, M. W. and Barros, G.]. (1988). Observations on the behavior 

and ventilation cycles ofthe vaquita (Phocoena sinus). Afar. Mamm. Sci. 4, 62-67. 


Silber, G. K., Newcomer, M. V. and Perez-Cortes, M. H. (1990). Killer whales (Orcinlls 

orca) attack and kill a Bryde's whale (Balaenoptera edeni). Can. J. Zool. 68, 16031606. 

Silber, G. K. and Norris, K. S. (1991). Geographic and seasonal distribution of the 
vaquita, Phocoena sinus. An. Inst. Bioi. Univ ..Natl. Auton, Mexico, SeT. Zool. 62, 263-268. 

Torre-Cosio,]. (1995). Descripcion del esqueleto, dimorfismo sexual y crecimiento alo­
metrico crimeal de la vaquita, Phocoenasinus (Cetacea: Phocoenidae). l\1aster's thesis, 
Instituto Tecnologico y de Estudios Superiores de .\fonterrey-Campus Guaymas, 
Sonora, Mexico. 

Turk-Boyer, P.]. (1989). Assessment of the potential impact of fishing activities in the 
northern Gulfof California on the Phocoena sinus population. Report submitted to the 
Center for Marine Conservation, \Vashington, DC. 

Turk-Boyer, P.]. and Silber, G. K. (1990). Estimate ofvaquita, Phocoenasinus, mortality in 
gillnet fisheries in the northern Gulf of California, Mexico. In Abstracts of the 
International Whaling Commission Symposium on Mortality of Cetaceans in 
Passive Fishing Nets and Traps, LaJoIla, CA, p. 49. 

Vidal, O. (1991), Catalog of osteological collections of aquatic mammals from Mexico. 
NOAA Technical Report NMFS 97,36 pp. 

Vidal, 0, (1995). Population biology and incidental mortality of the vaquita, Phocoerw 
sinus. Rep. Int. What. Commn, Spec. Issue No. 16, Cambridge. 

Vidal, 0., Aguayo, L. A., Findley, L., Robles, A., Bourillon, L., Vomend, I., Turk, P., 
Garate, K., ,Maronas, L. and Rosas,]. (1987). Avistamientos de mamiferos marinos 
durante eI crm:ero "Guaymas I" en la region superior del Golfo de California, prima­
vera de 1984. In "M,emoria, X Reunion Internacional sobre Mamiferos l\1arinos, 
24-27 Marzo 1985, La Paz, Baja California Sur, Mexico", pp. 7-35. 



378 0. VIDAL, R. L. BROWNELL, JR AND L. T. FINDLEY 

Vidal, O. and Pechter, G. (1989). Behavioral observations on fin whale, Balaenoptera 
physalus, in the presence of killer whale, Orcinus orca. Fish. Bull. (U.S.) 87, 370~373. 

Vidal, 0., Findley, L. T. and Leatherwood, S. (1993). Annotated checklist of the marine 
mammals of the GulfofCalifornia. Proc. San Diego Soc. Nat. Hist. 28, I~16. 

Vidal, 0., Van Waerebeek, K. and Findley, L. T. (1994). Cetaceans and gillnet fisheries 
in Mexico, Central America and the wider Caribbean: A preliminary review. Rep. 
Int. Whal. Commn, Spec. Issue No. 15, Cambridge. 

\Vatson, A. P. and Gaskin, D. E. (1983). Observations on the ventilation cycle of the har­
bour porpoise, Phocoena phocoena (L.) in coastal waters of the Bay of Fundy. Can. J. 
Zool. 61, 126~132. 

Wells, R. S., Wiirsig, B. G. and Norris, K. S. (1981). A survey of the marine mammals of 
the upper Gulf of California, Mexico, with an assessment of the status of PhocoeTlfl 
sinus. Report PB 81-1678792, NTIS, Arlington, VA. 

Wilson, L. E. (1973). A delphinid (Mammalia, Cetacea) from the Miocene of Palos 
Verdes Hills, California. Univ. Calif. Publ. CeDI. Sci. 103, I~34 


	Untitled.PDF.pdf
	Ridgeway&Harrison.pdf



