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ABSTRACT 

The abundance of the only population of vaquitas, Gulf of California harbor 
porpoise (Phocoena sinus), is estimated from four surveys conducted in Mexico 
between 1986 and 1993, using a variety of methods. A line-transect approach 
was applied, using some parameters estimated from a related species, the 
harbor porpoise (Phocoena phocoena). Vaquita abundance is estimated as 503 
(CV = 0.63) from 1986-1988 boat surveys, 885 (CV = 0.50) from 1988-- 
1989 aerial surveys, 572 (CV = 1.43) from a 1991 aerial survey, and 224 
(CV = 0.39) from a 1993 ship survey. A weighted log-linear regression in 
dicates a rate of population change (decline) of - 17.7% per year (95% CI =: 
-43.2% to +19.3%) between 1986 and 1993. All of these estimates of 
vaquita abundance indicate that the species is at a critically low level. 

Key words: vaquita, Gulf of California harbor porpoise, Phocoena sinus, abun- 
dance, population, line-transect survey, trends, endangered species, Mexico. 

The vaquita (Phocoena sinus) is a small porpoise and is widely recognized as 
the most endangered marine cetacean in the world (Klinowska 1991, Taylor 
and Gerrodette 1993, Vidal 1993, Bjorge and Donovan 1995). Its range is 
limited to the northern Gulf of California, Mexico (Brownell 1986, Gerrodette 
et al, 1995). The species’ existence is threatened by continued incidental mor- 
tality in commercial fisheries in the Gulf. Recent mortality (1993-1994) is 
estimated as 39-84 vaquitas killed per year in only one of three fishing centers 
(D’Agrosa 1995). Given that vaquitas are rare, this mortality may be a sub- 
stantial part of the population and may not be sustainable. The species may 
also be affected by overfishing and other anthropogenic habitat modifications 
in the northern Gulf of California (Barlow 1986, Villa-R. 1993). Currently, 
however, there is no published estimate of vaquita abundance based on sys- 
tematic surveys. 

Between 1986 and 1993, several surface vessel and aerial surveys were con- 
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ducted for vaquitas in the northern Gulf of California. Vaquita abundance has 
not been estimated previously from any of these surveys for a variety of reasons: 
small sample size, lack of a random survey design, and violation of line-transect 
assumptions. Despite these deficiencies, valid abundance information was col- 
lected on all surveys. For this paper we conducted independent analyses and 
made four independent estimates of vaquita abundance from these surveys. 

METHODS AND RESULTS 

A line-transect approach (Buckland et al. 1993) was used to make all abun- 
dance estimates, even though the first two series of surveys were not explicitly 
designed as line-transect surveys. Within a stratum, vaquita abundance, N, 
was estimated as 

A.123 
N= 

2.L. W&O) 

where 

A = size of the study area, 
n = number of groups seen, 
S = mean or expected group size, 
L = length of transect line surveyed, 

W = the effective search width, and 
g(0) = probability of seeing a group directly on the transect line. 

We define the effective search width, K as l/f(o) [or as the inverse of the 
probability density function (fit to the distribution of perpendicular sighting 
distances) evaluated at zero distance}. The coefficient of variation (CV) for the 
abundance estimate was calculated from the coefficients of variation of each 
variable element in Equation 1: 

CV(N) = VCvyn) + cvqs> + Cvz(v53 + CwgKN (2) 

The CV(n) was estimated as &lln, which assumes an aggregated distribution 
of sightings with a variance equal to twice a Poisson variance (an approach 
recommended by Burnham et al. (1980) if lacking sufficient information for 
direct estimation). The CV(S) was estimated from the standard error of the 
mean group size or (for the 1993 ship survey) was estimated using the re- 
gression method of Buckland et al. (1993) as implemented in the program 
DISTANCE (Laake et al. 1993). The CV(w) [or equivalently CV(f(O))} was 
estimated using maximum likelihood techniques, and CV(g(0)) was calculated 
using various analytical variance estimators discussed below. Upper and lower 
95% confidence intervals for N were computed from CV(N), assuming a log- 
normal distribution (Buckland et al. 1993). 

Few vaquita sightings were made on any of the surveys, making it difficult 
to estimate W and g(0) from data collected on the surveys. Therefore, the 
values used for W (for three of the four estimates) and g(0) (for all estimates) 
were estimated based on similar surveys in other areas for a similar species- 
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the harbor porpoise (Phocoena phocoena). Vaquitas and harbor porpoises share 
many characteristics that affect sightability. Both are difficult to see from 
boats, ships, or aircraft. Both are small and typically occur in groups of three 
or less (Barlow 1988; Silber 199Oa, 6; Gerrodette et al. 1995). They surface 
inconspicuously, usually without a splash, and do not leap clear of the water. 
They surface only three to five times in a series and then dive for an average 
of approximately two minutes (Barlow et al. 1988, Silber et al. 1988). All 
studies that have been conducted on harbor porpoises have shown that the 
probability of seeing a group on the trackline (g(0)) is less than 1.0, and this 
is likely to be true for vaquitas as well. To minimize bias due to missed 
trackline animals, we limit consideration to transects completed in “calm” sea 
state conditions (Beaufort 2 or less), as is typically done for harbor porpoise 
surveys (Barlow 1988, Barlow et al. 1988). To correct for bias due to missed 
trackline animals in calm seas, we estimate g(0) based on studies of harbor 
porpoises using similar survey methods in similar conditions. When u7 and 
g(0) values were taken from other studies (of harbor porpoise), estimates of 
their CVs were also taken from the same study. 

Estimate # I : 1986-l 988 Pooled Boat Surveys 

Surveys were conducted for vaquitas from an 8-m boat in spring of 1986, 
1987, and 1988 (Silber 1990b). From two to four observers searched with 
unaided eyes and 7X-10X binoculars from a search height of 3.5 m and at 
a survey speed of lo-11 km/h. Surveys were conducted only in calm weather, 
and 1,994 km of transect were completed in Beaufort sea states of 2 or less, 
Effort was concentrated non-randomly in areas where vaquita density was 
thought to be high; therefore, transects were post-stratified to give four strata 
which contained approximately uniform survey effort (Fig. 1). Line-transect 
methods were not used on these surveys, so we estimate W and g(0) by com- 
parison to similar surveys conducted elsewhere for harbor porpoises. 

To aid in estimating Wand g(O), we summarize results of several past vessel 
surveys for harbor porpoises. Barlow (1988) conducted a ship survey for hlarbor 
porpoises in California, Oregon, and Washington using a 52-m survey vessel 
with five observers searching from a height of 10 m with a combination of 
7X binoculars and unaided eyes. He estimated effective search widths (w) of 
222 and 143m (CV = 0.22 and 0.19, respectively) in Beaufort O-I and 
Beaufort 2, respectively, and estimated the probability of seeing a trackline 
group (g(0)) to be 0.78 (CV = 0.15). Calambokidis et al. (1990) conducted a 
boat survey for harbor porpoises in central California using 10-13-m vessels 
with three observers searching with 7X binoculars and unaided eyes from an 
observation height of 4.5 m. They estimated an effective search width of 370 
m (n = 81, CV = 0.11) for Beaufort 0 and 1. Calambokidis (in press>1 con- 
ducted ship surveys for harbor porpoises off the coast of Washington using 
11-m boats with three observers searching with unaided eyes from a height 
of 4.0-4.2 m. He estimated an effective search width of 2 11 m (n = 5 5, CV 
= 0.11) for Beaufort O-2 and estimated the probability of seeing a trackline 
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Figure 1. Transect lines, vaquita sighting locations, and geographic strata used in 
analyses for the 1986-1988 boat surveys. 

group to be 0.53 (CV = 0.51). Palka (1995) conducted a ship survey for 
harbor porpoises in the Gulf of Maine using a 32-m vessel with three observers 
searching by naked eye at a height of 9 m and three additional observers 
searching by naked eye at a height of 14 m. In “good weather conditions” 
during her study, the lower observer team was estimated to have an effective 
search width of 296 m (CV = 0.15) and a probability of seeing a group on 
the trackline of 0.39 (CV = 0.17) (based on an average of her direct duplicate 
estimates for offshore strata). In summary, harbor porpoise surveys, using a 
variety of different vessels, have yielded estimates of effective search widths of 
143-370 m and estimates of g(0) from 0.4 (with three observers on small-to- 
medium-sized vessels) to 0.78 (with five observers on a large ship). 

To estimate vaquita abundance from Silber’s boat surveys, we use the esti- 
mate of effective search width (211 m, CV = 0.11) and the probability of 
seeing a trackline group (0.53, CV = 0.5 1) from the harbor porpoise survey 
in Washington (Calambokidis, in press) because the vessel used in that survey 
was most similar to that used by Silber. The resulting estimate of abundance 
from Silber’s 1986-1988 boat surveys is 503 (CV = 0.63, 95% CI = 163- 
1,551) (Table 1). 

Estimte #2: 1988-l 989 Aerial Surveys 
Aerial surveys were conducted for vaquitas in May 1988 and September 

1989 (Silber and Norris 1991). Transects covered 1,743 km in “calm” sea state 
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