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ABSTRACT: Increasing water temperatures due to global warming mean that specific isotherms are
shifting polewards. This may cause the poleward shifts in the range limits of species that are only
found in specific thermal habitats. Such range shifts have been recorded in a number of plant and
animal species. In the last 3 decades, we observed a decline in the presence of Pacific white-sided
dolphin Lagenorhynchus obliquidens in the southwest Gulf of California (GOC), which is considered
the southern boundary of their distribution. Considering that the thermal environment is physiologically important to animals, we believe that this poleward shift in the usual geographic range of the
Pacific white-sided dolphin is due to long-term changes in the local climate. To obtain the conceptual
framework needed to discuss such a hypothesis, we summarize and analyze current knowledge
about Pacific white-sided dolphins in the southwest GOC, and sea surface temperature variability at
a regional scale.
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Climate change is affecting biodiversity and places
additional pressures on already over-used, degraded,
and fragmented ecosystems, undermining their
resilience. In particular, some species, especially polar
and mountain species, have already experienced
severe range contractions as they try to remain within
their preferred climatic envelopes by changing their
distributions (Parmesan & Yohe 2003, Root et al. 2003).
Cetacean species’ ranges are likely to change in a similar manner as a result of increases in water temperature. For individual cetacean species, it can be predicted whether their ranges will expand, shift
poleward, or contract based on their current distributions and on the characteristics of the niches they

occupy (MacLeod 2009). In particular, certain characteristics place some species at greater risk from such
changes than others. These include a range that is
restricted to non-tropical waters (including temperate
species) and a preference for shelf waters such as
shown by most porpoises and Lagenorhynchus species
(MacLeod 2009). Such range shifts in response to climate change are most likely to be detected at the edge
of the current distribution of a species, since this is
where any changes are likely to occur first.
The Pacific white-sided dolphin Lagenorhynchus
obliquidens is restricted to the temperate waters of the
North Pacific Ocean, and does not occur in tropical and
Arctic waters. In the eastern Pacific, large groups of
this species are frequently seen in the California Current System (CCS; Leatherwood et al. 1984, Stacey &
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Baird 1990, Keiper et al. 2005). The southern boundary
of the distribution of Pacific white-sided dolphins is the
Gulf of California (GOC), where the species has been
observed only in the southwest area during the temperate season (from December to June; Aurioles et al.
1989).
In the CCS and GOC, water temperatures are known
to have increased over the last century (Lluch-Belda et
al. in press; see Fig. 2). Given this water temperature
rise at the southern edge of its distribution, if the range
of the Pacific white-sided dolphin is being affected by
climate change in the manner suggested by MacLeod
(2009), we would predict that its distribution would
have declined in the GOC in recent years. To test this
prediction, we examined the occurrence of Pacific
white-sided dolphins in the GOC between 1980 and
2009 based on data from 2 separate sources. While
these surveys have different spatial coverage, they
provide data collected in a consistent manner for an
overlapping area in the GOC over a sufficiently long
period to assess whether any changes in distribution
have occurred at the southern edge of this species’ distribution in the northeast Pacific.

Fig. 2. Sea surface temperature (SST) anomalies (10 yr
Hamming smoothed series) in the Gulf of California (GOC)
and California Current System (CCS) from Lluch-Belda et al.
(in press)

MATERIALS AND METHODS

The study area is located in the southwest GOC
along the eastern coast of the Baja California Peninsula
(Fig. 1). This area is structurally complex. The continental shelf is irregular and narrow with the presence
of basins, sea mounts, and several
volcanic islands. North-northwesterly
winds prevail during the temperate
season, promoting upwelling along the
gulf’s eastern coast (Maluf 1983). Such
upwelling fertilizes the whole gulf
through a system of eddies that carry
enriched waters from the eastern to the
western coast (Beier 1997). These
hydrographic features promote a
higher and homogeneously distributed
productivity throughout the study area.
We compared sightings of the Pacific
white-sided dolphin in the southwest
GOC during temperate seasons (when
this species is most likely to be present)
from the last 3 decades. These sighting
data came from 2 separate sources. We
primarily used data from Aurioles et al.
(1989) to provide information on the occurrence of Pacific white-sided dolphins
in the surveyed area during the 1980s.
These data were collected during trips to
the sea lion rookery situated on Espiritu
Santo Island in La Paz Bay (Fig. 1). During each trip, observers searched for animals and recorded all species sighted
Fig. 1. Study area and sighting positions from 1978–1988 (80s) (small white area
(D. Aurioles pers. comm.). These surveys
within dark gray shaded area; all triangles, where gray triangles indicate opporwere initiated in 1978 and have contintunistic sightings reported by Aurioles et al. 1988, 1989 and not taken in to acued until the present time. The second
count for numerical analysis), 1989–1999 (90s) (d), and 2000–2009 (00s) (j).
data set used included sightings colCCS: California Current System; ETP: Eastern Tropical Pacific; GOC: Gulf of
lected over a 20 yr period between 1989
California; LPC: La Paz City; SLR: sea lion rookery

15

Salvadeo et al.: Poleward shift in dolphin distribution

and 2009 by the Universidad Autónoma de Baja California Sur (UABCS). These sightings were collected during
sampling trips that followed a consistent but non-random
search method, in which the boat ran in a straight line at
cruising speed (11 knots) following a predetermined
track trying to cover most of the study area, with less
than Beaufort 3 wind scale conditions (higher conditions
significantly reduce the capacity of observers to detect
cetaceans). During each sampling trip, 3 observers were
located on the boat, 1 at the front and 1 on each side of
the boat for cetacean searching, and stops were made
every 30 min for a 360° binocular (7 × 50) scan. When a
cetacean was sighted, the date, time, species, location,
number of animals, behavior, and association with other
marine species (birds, fishes, mammals, and turtles)
were recorded. For the purposes of this study, this data
set was divided into 2 time periods, the 1990s and the
2000s. The 1990s data were obtained exclusively from
sampling trips in the La Paz Bay area and adjacent waters, while in the 2000s, the area covered was larger
(Fig. 1). While the data for the 1990s (1998–1999) and
2000s (2000–2009) came from larger sampling areas
than those covered by the data from the 1980s
(1978–1988), these later surveys also covered the
same area as the 1980s surveys, meaning that there is at
least some spatial consistency over time. In addition, as
the Pacific white-sided dolphin is generally more abundant in open waters, this species is likely to be more
abundant in these wider areas than in La Paz Bay itself.
Therefore, the wider coverage would be expected to
have increased rather than decreased the encounter rate
with this species.
Sighting data from the UABCS surveys collected
from 1989 to 2009 were used to calculate seasonal dolphin relative abundance (animals h–1) for each year as
an indicator of the species’ presence in GOC waters for
the 1990s and 2000s. Data from Aurioles et al. (1989)
were not included in this calculation, because they
were presented as accumulated monthly observations
from the period 1978 to 1988; thus we could not calculate the relative abundance and effort for each year
alone. In addition, effort was presented as the number
of transects. For this reason, before we were able to
compare their data to the UABCS data, it was necessary
to transform the number of transects into the total time
spent (3 h for each transect; D. Aurioles pers. comm.).
To compare records among the 3 decades, for each
we calculated the following: (1) the total effort hours,
total sightings, and total number of animals; (2) the
mean, maxima, and minima of the dolphin group size;
and (3) the relative abundance (number of sightings
and animals h–1 of effort). Also, the monthly accumulated effort and number of animals were calculated for
the 1990s and 2000s, to compare the monthly presence
pattern between decades.

To assess possible causes for any changes in the
occurrence of Pacific white-sided dolphins, 3 additional data sets were investigated. Firstly, information
on the occurrence of other cetacean species collected
during the same surveys was investigated. This
allowed an assessment of whether any decline in
occurrence was restricted to the main species of interest, or whether other species were also affected. If only
Pacific white-sided dolphins were affected, then this
would suggest the change is unlikely to be driven by
factors such as bycatch, changes in productivity, or
decline in ecosystem productivity, which would be
expected to also affect other cetacean species.
Secondly, data from annual landings of small pelagic
fish (mostly Pacific sardine Sardinops sagax caerulea)
in the GOC and the west coast of Baja Peninsula (Magdalena Bay and Ensenada) were used as an approximation of regional prey availability. We used annual
sardine landings as they are considered a good index
of sardine abundance, due to a high degree of similarity between sardine landings and biomass estimation
(Norton & Mason 2005). These data were provided by
the Laboratorio de Edad y Crecimiento at the Centro
Interdisciplinario de Ciencias Marinas-Instituto Politécnico Nacional (CICIMAR-IPN). This allowed us to
assess whether changes in prey availability could be
influencing the occurrence of Pacific white-sided dolphins within the surveyed areas.
Finally, in order to directly assess whether any
changes in the occurrence of Pacific white-sided
dolphins since the 1980s were related to changes in
water temperature, data on sea surface temperature
(SST) in the CCS and southern GOC region were
obtained from Lluch-Belda et al. (in press). The authors
constructed annually averaged sea surface temperature (SST) anomalies in 2 × 2° quadrants at the GOC
and CCS using the International Comprehensive
Ocean-Atmosphere Data Set (ICOADS, Release 2.0,
available at http://icoads.noaa.gov/) and the NOAA
Extended Reconstructed SST (ERSST) data set (NOAA
Satellite and Information Service, http://lwf.ncdc.noaa.
gov/oa/climate/research/sst/sst.php).

RESULTS
The data show that despite the increase in the spatial
(Fig. 1) and temporal (Fig. 3, Table 1) effort, the occurrence (sightings and animals h–1 of effort ) of this dolphin species has decreased during the last 3 decades
(Fig. 3, Table 1). This decline in occurrence is most evident at the decadal scale.
In the 1980s, Pacific white-sided dolphins were regularly sighted in the surveyed areas between La Paz
City and the sea lion rookery in La Paz Bay (Fig. 1).

16

Endang Species Res 11: 13–19, 2010

Table 1. Lagenorhynchus obliquidens. Accumulated historical data from the southwest Gulf of California for the last 3 decades.
Effort (h); sightings: number of occasions when the species was observed; mean, minimum (min.), maximum (max.), and SD for
group size; sightings h–1 and animals h–1: abundance relative to effort; 1980s: 1978–1988; 1990s: 1989–1999; 2000s: 2000–2009
Period

Effort

Sightings

Animals

Mean

Min.

Max.

SD

Sightings h–1

Animals h–1

1980s
1990s
2000s

252
1659
1986

10
16
2

647
316
50

65
20
25

2
1
20

200
45
30

67
12
7

0.039
0.010
0.001

2.56
0.19
0.03

mals. These sightings occurred in March
and April, respectively. The sightings
rate was 0.001 groups h–1 of survey
effort, and the relative abundance was
0.03 ind. h–1. In addition, no sightings
were recorded in the area that had been
surveyed in the 1980s (Fig. 1).
Therefore, based on these data sets, 3
changes in the occurrence of Pacific
white-sided dolphins in the GOC over
time can be identified. These are: (1) a
decrease in seasonal occurrence from the
entire cool season (January to June) in
–1
Fig. 3. Lagenorhynchus obliquidens. Relative abundance (animals h , gray
the 1980s to only the central months of
bars) and effort (h, black line) during the temperate season (T, followed by
the cool season (March and April) in the
the respective year)
2000s; (2) a decrease in maximum and
They were recorded throughout the cold season from
average group sizes from 200 and 65 animals, respecJanuary to June (Figs. 4 & 5). For the 1980s as a whole,
tively, in the 1980s to 30 and 25, respectively, in the
the sighting rates and relative abundance were 0.039
2000s; (3) a decrease in sighting rates and relative
and 2.56 h–1 of effort, respectively. Group sizes ranged
abundances from 0.039 sightings and 2.56 ind. h–1 of
from 2 to 200 with a mean of 65 animals.
survey effort in the 1980s to 0.001 sightings and
During the 1990s, Pacific white-sided dolphins were
0.03 ind. h–1 of survey effort in the 2000s. While some of
these changes could have resulted from a change in
recorded between February and May (Figs. 4 & 5) in
survey coverage between the 3 time periods, when only
groups between 1 and 45 animals (mean: 20). The
sighting rate was 0.01 h–1, and the relative abundance
the area covered in 1980s was compared, this change is
was 0.19 ind. h–1 of survey effort for the area surveyed.
still evident, with half as many sightings during the
In addition, there were few sightings recorded within
1990s as during the 1980s and none during the 2000s.
the area covered during the 1980s surveys (Fig. 1).
Other cetacean species encountered in the study
In the 2000s, only 2 groups of Pacific white-sided
area included common dolphins Delphinus spp., botdolphin were recorded, 1 of 20 animals and 1 of 30 anitlenose dolphin Tursiops truncatus, pilot whale Globicephala macrorhynchus, sperm whale Physeter macrocephalus, fin whale Balaenoptera physalus, Bryde’s
whale B. edeni, and as seasonal visitors the blue whale
B. musculus and the humpback whale Megaptera
novaeangliae. None of these other cetacean species
show evidence of a similar decline (Salvadeo 2008,
Troyo-Vega 2008, Pardo 2009). For example, common
dolphins, which are warm-temperate water species not
close to the edge of their range, have not changed in
terms of their seasonal occurrence, group size, or relative abundance. In addition, the population of sea lions
at La Paz Bay has grown in recent years (Szteren et al.
2006). This suggests that the observed changes in
Pacific white-sided dolphin occurrence are not driven
Fig. 4. Lagenorhynchus obliquidens. Historical number (total)
of dolphins sighted per month in the surveyed areas (see Fig. 1)
by ecosystem factors such as changes in productivity.

Salvadeo et al.: Poleward shift in dolphin distribution

17

side the GOC showed a consistent increase from the
1980s to 2007. Therefore, the changes in the occurrence of Pacific white-sided dolphins in the GOC did
not occur in concert with a decline in local fish stocks.
In terms of water temperatures, there has been a
trend to increasing water temperatures in the GOC
and the CCS since the mid-1910s (Fig. 2). This is consistent with the observed changes in the Pacific whitesided dolphin occurrence being related to an increase
in water temperatures.

DISCUSSION

Fig. 5. Lagenorhynchus obliquidens. Accumulated relative
abundance (animals h–1, gray bars) and effort (h, black line)
per month for each decade. Note the different scales

Similarly, sardine landings in the GOC did not show
a consistent decline between the 1980s and the 2000s.
Instead, they showed a decline between 1989 and
1993, followed by an increase from 1993 to 2007
(Fig. 6). Sardine landings from neighboring areas out-

Fig. 6. Annual sardine landings from the Gulf of California
(GOC) and from the west coast of Baja Peninsula represented
by Magdalena Bay (MB; see Fig. 1) and Ensenada (ESND)
located near the USA border; MB and ESND data were
multiplied by 3 for comparative purposes

In the Northeastern Pacific, there are several Pacific
white-sided dolphin populations that show relatively
complex patterns in their seasonal distributions. However, north–south and inshore–offshore movements
have been recorded in several areas. These seasonal
patterns are thought to be related to seasonal movements in prey species and changes in water temperature (Leatherwood & Walker 1982, Aurioles et al. 1989,
Stacey & Baird 1990, Reeves et al. 2002, Keiper et al.
2005). In the southwest GOC, Aurioles et al. (1989)
considered the Pacific white-sided dolphin to be a seasonal visitor during the temperate season (winter to
spring; Figs. 4 & 5), when the cooling of GOC waters
allows them to enter from the CCS. In addition, their
seasonal presence in the southwestern GOC matches
with high abundances of small pelagic fish (potential
prey) due to seasonal movement of sardine inside the
GOC (Hammann et al. 1998). These small pelagic
fishes, in turn, attract fish-eating predators such as
small cetaceans and sea birds to the southwest GOC
(Salvadeo 2008).
Our study suggests that the occurrence of the Pacific
white-sided dolphin has decreased by approximately 1
order of magnitude per decade since the 1980s, (Figs. 3
& 5, Table 1). This difference remains even if only areas
surveyed in all 3 decades (La Paz Bay) are considered.
For example, Pacific white-sided dolphins were rarely
recorded in the area around La Paz during the survey
conducted here since the year 2000 (Fig. 1). In addition,
Pacific white-sided dolphins have not been sighted during recent trips to the sea lion rookery, where data were
collected in the 1980s (D. Aurioles pers. comm.).
This decline in the occurrence of Pacific white-sided
dolphins in the GOC has not been associated with
declines in other marine mammals, such as common
dolphins or California sea lions from the La Paz Bay
colony, nor has it been associated with a decline in sardine landings (a good index of sardine biomass). This
suggests that the decline in Pacific white-sided dolphin
occurrence is not related to factors such as a decline in
available prey or a reduction in productivity. In addi-
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Finally, this is the second of the 6 species of the
tion, the level of bycatch in Pacific white-sided dolgenus Lagenorhynchus in which evidence of a cliphins is relatively low (<10% of calculated biological
mate change-induced range shift has been identified
removal; Carretta et al. 2008), and therefore is unlikely
(MacLeod et al. 2005), supporting the hypothesis
to be a major driving force behind the decline in occurthat members of this genus may be particularly at
rence that we identified in this study. Similarly, there is
risk from the negative effects of climate change
no evidence of increased industrial or military noise
(MacLeod 2009).
within the region that could contribute to this decline.
Finally, the principal activities in the southern peninsula are artisanal and sport fisheries, and ecotourism;
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