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Abstract

This paper presents an analysis of the migra-
tion movements of Southeast Pacific humpback 
whales (Megaptera novaeangliae) based on 
satellite and sighting data. We used informa-
tion obtained from six humpback whales tagged 
off the coast of Ecuador between August and 
September 2013, and sighting information from 
oceanographic cruises and seismic prospection 
studies. Tagged humpback whales were followed 
along the west coast of South America, and in one 
case off the Antarctic Peninsula, for between 11 
and 72 d. Distance covered by tracked whales was 
between 920 and 8,670 km. While available sight-
ing data indicated that humpback whales follow 
a coastal route, satellite tracking data show that 
single adults use a more direct offshore route and 
mother/calf pairs tend to follow the longer coastal 
route. A 4-d period of irregular movements by 
a mother with a calf off central Peru suggested 
foraging behavior in this area characterized by 
intense upwelling processes. On the other hand, 
the humpback whale that reached Antarctic waters 
by mid-October quickly moved 200 km off the 
Antarctic Peninsula, probably because the zone 
was still covered by ice. We also found differ-
ences in travel speed between age/sex classes of 
humpback whales with mother/calf pairs traveling 
about 30% slower than single adults. The aver-
age humpback whale swim speed ranged between 
65.5 and 169 km.d-1. Our information provides a 
first examination of potential routes used by this 
whale population and highlights the need for a 
regional approach in appropriately addressing 
the migratory behavior and threats to the species 
during its annual migration.
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Introduction

The Southeast Pacific humpback whale (Megaptera 
novaeangliae) population, which the International 
Whaling Commission refers to as Breeding Stock G, 
is one of the seven stocks of this species inhabiting 
the South Pacific (International Whaling Commission 
[IWC], 1998). Early descriptions of the migrations of 
humpback and other large whales in this region were 
based on the logbooks of Yankee and British whalers 
from the 17th through early 20th centuries (Kellogg, 
1929; Mackintosh, 1942). These reports included 
general descriptions of the sites where baleen whales 
concentrated in breeding areas in the tropics and 
feeding areas in Antarctic waters. From these data, 
the migration path of humpback whales along the 
western South American coast was inferred.

In the last 20 y, studies on humpback whales 
in the Southeast Pacific have focused on whale 
concentration at both breeding and feeding areas. 
Thus, it has been determined that the breeding 
area extends from north of Peru (5° S) to cen-
tral Costa Rica (12° N) (Félix & Haase, 2001; 
Rasmussen et al., 2007; Pacheco et al., 2009), and 
the feeding areas are located mainly west of the 
Antarctic Peninsula and southern Chile (Acevedo 
et al., 2007; Dalla Rosa et al., 2008; Hucke-Gaete 
et al., 2013). The link between these sites has 
been demonstrated via matching photo-identified 
animals (Stone et al., 1990; Stevick et al., 2004; 
Acevedo et al., 2007; Rasmussen et al., 2007) and 
genetics (Caballero et al., 2001; Olavarría et al., 
2007; Félix et al., 2012). The Southeast Pacific 
populations undertake the longest migration of all 
stocks of this species in the world; they travel a 
round trip of more than 16,000 km (Stone et al., 
1990; Rasmussen et al., 2007). 

While important advances in our knowledge 
about the migratory destinations of this popula-
tion have been made, some gaps remain regarding 
the migratory path (i.e., coastal or oceanic) that 
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whales follow between these sites. Addressing the 
migratory route gap was prioritized as a research 
topic in a recent initiative focused on modeling the 
humpback whale habitat in the Southeast Pacific 
because the available information was biased 
toward the coastal area (Comisión Permanente 
del Pacífico Sur [CPPS], 2014). In the 20th cen-
tury, humpback whales were taken infrequently 
by whalers from land-based stations along the 
coast of Chile and Peru; this led Clarke (1962) 
to suggest that humpback whales migrate off the 
Humboldt Current in oceanic and warmer waters 
until reaching Ecuador. This is consistent with 
whaling records from the mid-1960s for the water 
north of Peru (Ramírez, 1988) and also recent 
coastal studies in this area (Pacheco et al., 2009; 
Santillán, 2011). 

The use of satellite telemetry is useful to unravel 
the migratory paths used by humpback whales 
between breeding and feeding grounds (e.g., Mate 
et al., 1998; Zerbini et al., 2006; Gales et al., 2010; 
Hauser et al., 2010; Kennedy et al., 2013). In gen-
eral, humpback whales seem to take the shortest and 
most direct routes even in high seas or following 
the mainland profile (Gales et al., 2010). However, 
there are some populations whose breeding areas 
include both oceanic and continental waters. This 
is the case for the North Pacific humpback whale 
stock breeding off Mexico, Central America, and in 
the oceanic Revillagigedo Archipelago. Humpback 
whales breeding at Revillagigedo follow a more 
direct oceanic route than humpback whales breed-
ing along the mainland (Calambokidis et al., 2008; 
Lagerquist et al., 2008). In the Southeast Pacific, 
some humpback whales breed in an oceanic 
archipelago, the Galapagos Islands, 1,000 km off 
Ecuador, but in significantly lower numbers than 
along mainland South America (Félix et al., 2011b). 
Considering the long migration of Southeast Pacific 
humpback whales, it is expected that whales of this 
population will take the shortest route, in this case 
a combination of coastal waters north of Peru and 
south of Chile, with an oceanic excursion to avoid 
the sinuous profile of the central west coast of South 
America. Humpback whales breeding at Galapagos 
are expected to take a completely oceanic route as 
no evidence of longitudinal movements between 
the continent and the Galapagos has been recorded 
(Félix et al., 2012). 

In this article, we present a tracking analysis 
of humpback whales tagged with satellite trans-
mitters off Ecuador during the breeding season. 
Sighting data obtained off the coasts of Chile and 
Peru over the past 40 y complemented the analysis. 
The information presented here aims to identify 
conservation needs for the species in a broader 
regional context and to encourage research on the 

species beyond the coastal zone where the effort is 
currently concentrated. 

Methods

Study Area
The Southeast Pacific extends 8,000 km along 
the west coast of South America (Figure 1). It 
includes a diversity of ecosystems such as man-
groves and estuarine areas in the tropics, upwell-
ing areas in subtropical and temperate regions, and 
sub-Antarctic fjords in southern Chile. The South 
American continent’s southernmost tip is located 
approximately 1,000 km north of the Antarctic 
Peninsula, where the main feeding areas of the 
Southeast Pacific humpback whale population 
are located (Dalla Rosa et al., 2008). The ocean 
circulation is dominated by the Southeast Pacific 
anticyclonic gyre that originates the Humboldt or 
Peruvian Current System (HCS). The HCS origi-
nates between 40º and 50º S from the Antarctic 
Circumpolar Current, heading north along the 
west coast of South America (Wyrtky, 1975). The 
Southeast Pacific is a highly productive area due 
to both the Humboldt Current and local upwell-
ing processes along the coast of Peru and north of 
Chile (Thiel et al., 2007; Heileman et al., 2008). 

The Southeastern Pacific is characterized in its 
northern area by warm tropical waters from the 
southern gyre of the Equatorial Countercurrent 
reaching the Gulf of Guayaquil at approximately 
3° S where it meets the Humboldt Current and 
diverges west, forming the South Equatorial 
Current. Both currents collide and form the 
Equatorial Front, which moves north or south 
off Ecuador depending on the strength of the 
Southeast Pacific anticyclonic winds (Wyrtky, 
1975; Cucalón, 1996). For this study, we define 
the edge of the shelf (200 m) as the limit between 
the coastal and offshore oceanic realms.

Satellite Tagging
Only adult humpback whales were the focus of 
this study. Two classes of animals were identified 
based on their relative size and social condition 
at the time of tagging—single adults and females 
with calves—but class designation could change 
during the study if a female in a late stage of preg-
nancy was tagged and later had a calf or if an adult 
female lost her calf.

Twenty-one satellite tags were deployed on 
humpback whales off Salinas, Ecuador (2° 10' S, 
81° W), between August and September 2013. 
Satellite transmitters Wildlife Computers SPOT5 
Model AM-S193C with two AA lithium batteries 
were used for this study. Transmission param-
eters included no time limitations to allow for 
constant transmissions. The maximum number 
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of transmissions per day was set at 200, allow-
ing unused transmissions to be used the next day. 
For transmissions to reach the satellite when the 
animal surfaced, fast and slow repetition rates 
(seconds) were set by the manufacturer at ranges 
of 41.5 to 47.5 s and 86.5 to 92.5 s, respectively. 
The tag-derived positions from Argos location 
classes 3, 2, 1, 0, A, and B were used with a range 
of errors in accuracy estimated at between 150 m 
and 5 km radius for plotting general whale move-
ments (see Costa et al., 2010; Douglas et al., 2012; 
Guzmán et al., 2012). 

Factory transmitters consisted of a 2-cm-diam-
eter stainless steel tube case, 7.5-cm-long, cou-
pled to a custom-made stainless steel spear with 
a 3-cm triangular double-edged blade tip contain-
ing three pairs of 5-cm barbs placed at 90º to each 
other (modified from Guzmán et al., 2012). Total 
tag weight (transmitter and spear) was 380 g. We 
tagged humpback whales from a 5-m-long fiber-
glass boat at a distance of 2 to 5 m from the whale. 
Tags were deployed using a modified pneumatic 
line-thrower (Model ARTS, Restech Inc., Norway) 
fitted with a ZOS Universal waterproof and fog-
proof 1 × 40 riflescope. Air pressure ranged from 
10 to 15 bars (10.2 to 15.3 kg.cm-1). Before deploy-
ment, tags (transmitter and spear) were coupled 
to a LK-carrier developed by LKARTS-Norway; 
the carrier consisted of a 50-cm-long by 3-cm-
diameter PVC pipe with three 19 × 3.5-cm plastic 
fletching vanes in the rear. The transmitters were 
attached to the whales about 20 to 40 cm below 
and in front of the dorsal fin, in a thick layer of 
blubber, to minimize injury to the animals. Some 
animals reacted initially to tagging, but all contin-
ued in the same area for hours and days without 
changing normal behavior, site, or trajectory over-
all. In order to reduce the likelihood of infection, 
spears and tags were chemically sterilized and 
plastic wrapped in the laboratory. In the field, the 
tag/spear was sprayed with Neomycin Sulfate–
Clostebol Acetato (Neobol®) before deployment. 
Track distances were processed using STAT–
MAPTOOL (Satellite Tracking Analysis Tool) 
(Coyne & Godley, 2005).

Sighting Data
Sighting data on humpback whales off the west 
coast of South America were obtained from two 
major sources: (1) oceanographic cruises by 
National Oceanic and Atmospheric Administration 
(NOAA) fisheries during marine mammal assess-
ments conducted between 1991 and 2004 (Hill 
et al., 1991; Kinzey et al., 1999, 2000, 2001; Jackson 
et al., 2004), and (2) data contained in the Regional 
System on Marine Biodiversity and Protected Areas 
of the Southeast Pacific (SIBIMAP), compiled by 
the Permanent Commission for the South Pacific 

(CPPS) (www.sibimap.net). This online database 
contains more than 16,000 geo-referenced records 
without information on sighting effort for 34 ceta-
cean species in the Eastern Pacific since 1959, 
including 4,619 records of humpback whales.

The information extracted from SIBIMAP for 
this analysis includes opportunistic data from 
oceanographic cruises carried out by the Peruvian 
Institute of Fisheries (IMARPE) (Bello et al., 
1997; Sánchez & Arias-Schreiber, 1998; Sánchez 
et al., 1998; Márquez & Arias-Schreiber, 2000), 
unpublished information from seismic prospec-
tion surveys off Peru (Geolab, 2010; Walsh Peru, 
2011), and the Cetacean Sighting Network of the 
Chilean Navy directly submitted to SIBIMAP. The 
geographic area of the data used in this analysis 
included the area between 4° S (north of Peru) and 
60º S (300 km north of the Antarctic Peninsula). 
Data from the main breeding areas north of Peru 
and from land-based studies north of Peru and 
south of Chile were not included because it was 
not possible to distinguish when migrating whales 
were from the destination breeding/feeding 
assemblies, thus reducing the bias toward coastal 
sightings in the dataset. In addition, it is recog-
nized that sighting data reported to SIBIMAP may 
include potential errors associated to misidenti-
fied species at sea.

Results

Satellite Information
Transmissions were dominated by Argos location 
classes 0, A, and B (Table 1). Of the 21 humpback 
whales tagged off Ecuador, three tags never trans-
mitted, six whales started the feeding migration 
to the Antarctic, and 15 remained in the breed-
ing area during the transmission period and were 
not included in this analysis. Since none of the 
humpback whales that crossed the 4º S parallel 
returned to the north, we assumed that all whales 
moving south of this point started the migration. 
Migrating humpback whales included three moth-
ers with calves and three adults of unknown sex 
(Table 1 & Figure 1). Three humpback whales 
were tagged in mid-August (Nos. 71, 85, and 88) 
and the other three in mid-September (Nos. 86, 90, 
and 91). The transmission time of these tags was 
between 11 and 72 d (x

_
 = 29.5 d, SD = 23.6). The 

distance traveled by the whales ranged between 
920 and 8,670 km. For three cases, transmission 
was continuous (Nos. 71, 86, and 88) but brief (11 
to 15 d). For No. 85, the signal was lost on day 7 
and retransmitted on day 63 from the Antarctic 
Peninsula. No. 90 started transmission on day 19 
and transmitted for 10 d.

The tagged humpback whales showed dif-
ferent behavior with respect to their of onset of 
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migration, travel speed, and routes. A summary of 
individual movements for each of the six hump-
back whales is provided below:

•	 No. 71 – Adult animal, unknown sex, observed 
in a competitive group with three other conspe-
cific whales. This whale spent 2 d north of the 
tagging site and then started moving southwest 
(offshore) and continued south. The last trans-
mission occurred when the whale was about 
120 km off Paita in northern Peru. This whale 
moved at an average speed of 83.6 km.d-1.

•	 No. 85 – Adult animal, unknown sex, found in 
a competitive group. Like No. 71, after 2 d this 
animal started moving south into the Gulf of 
Guayaquil, from a few kilometers north of the 
tagging area. The whale continued southbound 
but transmissions stopped on day 7 when the 
whale was about 92 km offshore of Paita, Peru 
(4.7º S). Transmission restarted on day 63 when 
the whale was about 300 km southwest of the 
Shetland Islands off the Antarctic Peninsula 
(Figure 1). The distance in a straight line from 
the last transmission off the north of Peru on 
21 August to this point was 6,747 km. Thus, at 
a minimum, this whale covered this distance in 
56 d with an average speed of 120.48 km.d-1. 
In Antarctic waters, the whale transmitted for 
another 8 d, moving northeast for 1,263 km at 
an average speed of 158 km.d-1 (Figure 1).

•	 No. 86 – Mother with calf stayed about 30 to 
40 km north of the tagging site near the coast 

for 6 d and then started moving south. The 
whale continued south in the shallow waters of 
the Gulf of Guayaquil and along the north coast 
of Peru, transmitting for 15 d over 1,088 km 
with an average speed of 72.5 km.d-1. The 
last transmission was south of Bahía Sechura 
(6° S), 50 km offshore.

•	 No. 88 – Mother with calf moved southward 
after tagging. They remained in the central 
part of the Gulf of Guayaquil for 4 d and then 
started moving south along the coast. South 
of Bahía Sechura (6° S), the whale was about 
120 km offshore and then approached the coast 
again at 8° S. This whale was followed for 11 d 
and swam at an average speed of 128.7 km.d-1.

•	 No. 90 – Mother with calf started transmission 
on day 19 near mid-Peru (12° S), 1,255 km 
south of the tagging site. This whale transmit-
ted for 11 d. During transmission time, the 
whale remained within 30 km of the coast off 
Paracas traveling 712 km at an average speed 
of 65 km.d-1.

•	 No. 91 – Adult, unknown sex, observed in a 
competitive group. The whale started trans-
mission on day 23 from the southern part of 
Peru, approximately 400 km offshore. On aver-
age, the whale swam at a speed of 111 km.d-1, 
but during the 16 d of transmission, the whale 
moved 2,706 km, heading south at an average 
speed of 169 km.d-1. Of the six tagged animals, 
this was the whale recorded farthest offshore. It 

Table 1. Data summary for six humpback whales (Megaptera novaeangliae) tagged off Ecuador during the 2013 southerly 
migration, with three adult females with calf (MC) and three adult (A) animals of unknown sex; relevant information for 
Argos transmission location classes is presented for each tag along with the tracking period.

Variable/ID No. 71 No. 85 No. 86 No. 88 No. 90 No. 91 Total Mean (SD)

Tagging date 13
Aug

14
Aug

18
Sept

13
Aug

18 
Sept

16
Sept

--

Class/sex A A MC MC MC A --
Tag longevity 
(d)

11 72 15 11 29 39 177 29.5
(23.6)

Total distance 
(km)

920 8,670 1,088 1,416 1,907 4,343 18,344 3,057
(3,020.5)

Speed average 
(km.d-1)

83.6 120.4 72.5 128.7 65.7 111.3 97.03
(26.5)

Transmission data

Received 143 229 118 113 95 136 834 --
LC 3 0 4 3 0 0 1 8 --
LC 2 2 12 4 0 3 2 23 --
LC 1 4 25 6 1 5 4 45 --
LC 0 1 15 2 2 1 0 21 --
LC A 16 34 18 10 13 26 117 --
LC B 104 134 78 88 68 97 569 --
Used 127 224 111 101 90 130 783 --
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Figure 1. Tracks of six humpback whales (Megaptera novaeangliae) tagged off Ecuador en route to the Antarctic; dashed 
straight lines represent the sites where transmission was lost. Insert maps show the detailed movements of the whales (color 
coded) at different latitudes from Ecuador to western Antarctic Peninsula.
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traveled about 800 km off the northern coast of 
Chile (Figure 1).

Sighting Data
Available sighting data from SIBIMAP included 
241 records of migrating humpback whales off 
Chile and Peru (Figure 2). In order to determine dif-
ferences in sighting distribution counts and depths 
between northbound or southbound migrations, the 
dataset was divided into two periods: February 16 
to August 15 (n = 110) for the breeding migration 
from the Antarctic to the tropics and August 16 to 
February 15 (n = 131) for the feeding migration 
from the tropics toward the Antarctic. The dif-
ference was not significantly different (X2 = 1.83, 
p > 0.05). Sighting data show a continuous coastal 

distribution of the species along Peru and north 
and central Chile, with few records offshore (n = 
13, 5.4 %). The same pattern was observed in both 
periods, which was expected given the fact that 
the sampling effort was biased toward the coast. 
The few available offshore records were made off 
the central part of Chile, mainly around the Juan 
Fernández Archipelago and even further offshore.

Migration Time and Routes
Based on the six tracks of humpback whales that 
started migration, there seems to be two migra-
tory routes—one more straight and offshore 
as that taken by No. 91 and likely Nos. 85 and 
71, and another path bordering the coast profile 
taken by adult females with calves. We estimated 

Figure 2. Opportunistic sightings of humpback whales (+) from the period 1994 to 2012 obtained during the migration along 
the coast of Chile and Peru available from the SIBIMAP database; sightings were divided in two periods: 16 February to 
15 August during the northbound migration (left) and 16 August to 15 February during the southbound migration (right). 
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the offshore route from 4º S to the point of the 
first transmission by No. 85 from the Antarctic 
Peninsula (64.19º S, 67.52º W) as 6,816 km and 
the larger, coastal route as 7,264 km; this latter 
route is ca. 6.2% longer. Based on the average 
speed estimates, the migration of single whales 
would last on average 66.4 d (SD = 13.25) if 
using the offshore route and 70.8 d (SD = 14.12) 
along the coastal route. For adult females with 
calves, assuming they maintain the average speed 
as recorded in the first part of the migration, the 
offshore migration would last 83.6 d (SD = 26.9), 
while the coastal route would take 89 d (SD = 
28.7). However, if No. 91 could maintain the 
same speed along the entire migratory route as we 
recorded during continuous tracking off southern 
Peru and Chile (169 km.d-1), the migration would 
last only 40 d. For No. 85, if its migration speed 
was the same as what was recorded in Antarctic 
waters (158 km.d-1), the migration period would 
be 46 d along the coastal route and 43 d via the 
offshore route.

Discussion

Transmission location classes were typical for 
marine mammals with short-surface intervals 
(Costa et al., 2010; Douglas et al., 2012). The 
accuracy of those location classes may not be 
defined within specific limits, but they provided 
useful tracking information at the resolution of our 
analyses (see Vincent et al., 2002). This is the first 
study to preliminarily analyze the potential migra-
tion routes of humpback whales in the Southeast 
Pacific. Our analysis indicates that this population 
uses both coastal and offshore routes for migra-
tion, depending on the reproductive status of the 
animals. Single adults seem to take a shorter, off-
shore route, while mother/calf pairs seemed to 
prefer the longer, coastal route. This difference has 
not been identified in other populations of hump-
back whales likely because most satellite track-
ing studies on the species have been conducted on 
stocks breeding in oceanic archipelagos, such as 
Hawaii, Abrolhos, the Caribbean, and the South 
Pacific, where whales of all age and both sex 
classes migrate through open waters (e.g., Mate 
et al., 1998; Zerbini et al., 2006; Hauser et al., 
2010; Kennedy et al., 2013). Humpback whales 
that migrate along both coasts of Australia seem 
to follow the shortest route along the coast and 
then head south toward the Antarctic (see maps in 
Gales et al., 2010). The reasons why adult females 
with calves in the Southeast Pacific undertake 
a longer migratory route near the coast despite 
traveling slower than without a calf is unknown, 
but this could be related to predator avoidance 
(e.g., orcas) or the potential for feeding in coastal 

upwelling areas off Peru and Chile during migra-
tion (see below).

In addition to the different migration routes, 
Southeast Pacific whales showed differences in 
migration speed according to age and sex classes 
in ways similar to those reported elsewhere (e.g., 
Zerbini et al., 2006; Kennedy et al., 2013). Two 
of the three adult females with calves (Nos. 86 
and 90) showed the lowest swim speeds, 65 and 
72 km.d-1, respectively, which is about a third 
less on average than single adults; however, adult 
female No. 88 presented the highest average 
speed of the six humpback whales (128 km.d-1). 
No. 88 started migrating shortly after being tagged 
in mid-August, which was unusual for an adult 
female with a calf to leave the breeding area after 
the other age/sex classes (see Dawbin, 1966). 
Mate et al. (1998) also recorded an adult female 
from the Hawaii group that moved faster (average 
of 150 km.d-1) than other age/sex classes. Zerbini 
et al. (2006) tracked a mother with calf to the feed-
ing zone in the South Atlantic that moved at an 
average speed of 92 km.d-1 for 3,700 km. This 
indicates that mothers with calves could move at 
speeds similar to single adult whales and, in some 
cases, even faster during migration than other 
whale classes. For No. 88, because of her early 
migration time and her speed, we suspect this 
whale might have lost her calf and therefore left 
the breeding area earlier than expected. It is not 
possible to be sure about the fate of calves in these 
cases, but it is reasonable to suppose that adult 
females who lost calves early on breeding grounds 
might have migratory behavior more similar to 
that of single adults, which would explain why 
No. 88’s speed was closer to that of single adult 
whales recorded for the longest distances (No. 85, 
120 km.d-1, and No. 91, 111 km.d-1) rather than for 
other mother/calf pairs.

The speed of the three individual adult whales 
(between 83 and 120 km.d-1) was consistent with 
rates of migrating humpback whales recorded in 
other locations in both the Southern and Northern 
Hemispheres (Gabriele et al., 1996; Mate et al., 
1998; Zerbini et al., 2006; Kennedy et al., 2013). 
Interestingly, the speed of No. 85 in Antarctic 
waters averaged 60% faster (158 km.d-1) than 
during the 7 d of travel from Salinas to the north 
of Peru when transmission stopped the first time 
(99.7 km.d-1). Studies of humpback whales off the 
Antarctic Peninsula show that humpback whales 
generally move more slowly when feeding, cov-
ering less than 50 km.d-1 with an irregular pattern, 
and only increasing speed when moving between 
feeding areas (Dalla Rosa et al., 2008). This sug-
gests that No. 85 did not start feeding during the 
tracking period. We speculate that No. 85 stayed 
200 km off the Antarctic Peninsula, moving 
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northeast and not within the coastal area where 
the whales usually feed (Dalla Rosa et al., 2008) 
because the coastal area still would have been cov-
ered with ice on the date of arrival (mid-October). 

The behavior of whale No. 85—leaving the 
breeding area early—is consistent with what is 
known to occur with pregnant females who leave 
the breeding area earlier than other classes for an 
extended feeding season (Chittleborough, 1958; 
Dawbin, 1966). Because no tag transmissions 
were received during No. 85’s migration, it is not 
possible to know whether this animal used the off-
shore route nor No. 85’s arrival date and time in 
Antarctic waters before transmissions restarted. 
Since the reason to return to the Antarctic so soon 
after becoming impregnated would be to maxi-
mize feeding to store sufficient energy to raise 
a calf (Dawbin, 1966), we speculate the short-
est route could seem the best option. It was esti-
mated that if No. 85 used the offshore route, it 
arrived in Antarctica in 56 d; and if the coastal 
path was followed, then 60 d would be maximum. 
Notwithstanding, the speed of Nos. 85 and 91 
increased in the last part of the tracking period, 
which suggests that humpback whales might be 
able to sustain higher speeds during long periods, 
reducing considerably the migration time to as 
low as 40 to 50 d. 

Humpback whales could use ocean currents or 
other oceanographic variables, such as the pres-
ence of thermal fronts, during migration along the 
Southeast Pacific. While Clarke (1962) suggested 
that humpback whales avoid the cold waters of 
the Humboldt Current on their way to the trop-
ics, migrating with the current would help them 
conserve energy, especially considering that this 
current flows north for about 6,000 km. Still, the 
Humboldt Current System (HCS) is formed by 
a series of microcurrents and gyres interacting 
in a complex pattern, including two important 
branches along the coast and offshore, separated 
by a warmer subsurface countercurrent from the 
north (Wyrtky, 1975). Therefore, the HCS pro-
vides an unusual condition for humpback whales, 
with northerly and southerly flows that could be 
used during migration. It is unknown, however, 
the incidence of the thermal structure of the HCS 
in the energetic budget of migrating humpback 
whales. Since oceanographic conditions may 
change every year, which would be unpredict-
able for the whales, it seems more likely that 
humpback whales prioritize the shorter, although 
colder, over the longer, even if warmer, route 
during migration. 

The high productivity found along the HCS 
could eventually provide feeding opportuni-
ties for humpback whales during the migration. 
Although there are no confirmed records of 

humpback whales feeding en route, it has been 
suggested that the abundance of small pelagic 
fish, such as anchovies and sardines, could be 
taken by humpback whales along the way as 
occasionally occurs elsewhere (see Papastavrou 
& Van Waerebeek, 1994). Feeding while migrat-
ing might compensate the energetic costs of both 
lactation and the longer migratory route seem-
ingly favored by adult females when accompanied 
by a calf. The longer route crosses coastal zones 
off central Peru where the most intense upwell-
ing processes occur in the HCS (Heileman et al., 
2008). This may explain why an adult female 
with a calf (No. 90) remained in a small area off 
Paracas, Peru (14º S), for 4 d before her signal was 
lost, moving back and forth within 30 km of the 
shore (see Figure 1). Her behavior over shallower 
waters resembles that reported for satellite tagged 
humpback whales during feeding episodes off the 
Antarctic Peninsula (Dalla Rosa et al., 2008) and 
the Bering Sea (Kennedy et al., 2014). The short 
duration and uniqueness of this record precludes a 
detailed behavioral analysis. 

The intermittent transmission of No. 85, as well 
as the late transmission of No. 90, could be related 
to a combination of migration speed and prevailing 
oceanic conditions, which did not permit enough 
“dry” time to intercept the satellites for transmis-
sion. Similar problems of intermittent or delayed 
transmissions have been reported elsewhere (e.g., 
Hauser et al., 2010; Kennedy et al., 2013). 

Satellite Data vs Sighting Data
Satellite data indicate that the migration corridor 
extends from the coast to at least 800 km offshore, 
although there are sighting records (albeit limited) 
as far as 1,500 km offshore. These records sug-
gest the actual migration corridor could be much 
wider than is described in this paper. Nonetheless, 
sighting data from SIBIMAP, most of which are 
opportunistic, favor the impression that humpback 
whales migrate mostly along the coast as less than 
5% of the available records were located in offshore 
waters. On the other hand, the six satellite tracks 
shown in this paper suggest that only mother/calf 
pairs use the coastal route since all adult females 
with a calf began their migration(s) close to the 
coast. In contrast, single adults, such as individu-
als Nos. 71 and 75, initiated their migrations off-
shore after having left Ecuador. Despite the limited 
number of tracks, it seems reasonable to assume 
that only part of the population is migrating along 
the continental profile from Ecuador to Antarctic, 
mostly females with calves, which might represent 
around 20% of the population according to the 
maximum plausible reproductive rate in hump-
back whales (11.8%) (sensu Zerbini et al., 2010). 
The SIBIMAP database, however, showed the 
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same sighting distribution pattern during north- 
and southbound migrations, suggesting that both 
routes are used during the northbound migration 
as well. Further investigations to appropriately 
address the lack of information about migration 
routes used by this species are required with a 
larger sample of tagged animals.

Management Implications
This preliminary analysis has shown that despite 
the availability of a large amount of sighting 
data for this region (e.g., SIBIMAP database), 
although valuable, it may not be representative 
of the species distribution or suitable for robust 
habitat modeling. Indeed, a recent habitat suit-
ability modeling exercise wrongly suggested 
that Southeastern Pacific humpback whales were 
nearly restricted to coastal areas with less empha-
sis on oceanic areas due to the coastal-biased 
nature of the surveys along the South American 
coast (CPPS, 2014). Ongoing satellite track-
ing data may improve modeling exercises like 
this, providing more realistic information on the 
migratory routes of the species. 

A better understanding of migratory routes will 
allow a comprehensive assessment of anthropo-
genic threats faced by humpback whales during 
their migration, providing the basis for imple-
menting effective and dynamic regional man-
agement and conservation measures. Gill nets 
and ship strikes have been identified as the main 
threats in coastal areas for this species in the 
region (Van Waerebeek et al., 2007; Félix et al., 
2011a; Guzmán et al., 2012). The risk would be 
even higher for adult females with calves that 
migrate along the coast due to the intense use of 
those areas by small-scale fishermen (Steward 
et al., 2010) and commercial ships (Guzmán et al., 
2012) in the Eastern Pacific countries. 

Acknowledgments

The authors thank Catalina Gomez, Carlos Guevara, 
and Gabriela Escobar for preparing maps. Ben Haase, 
Xavier Avalos, Karla Pozo, and Miguel Jaramillo 
participated during fieldwork. The Permanent 
Commission for the South Pacific allowed us 
access to the SIBIMAP database. We thank the 
SEATURTLE Organization (www.seaturtle.org) and 
the Marine Research Turtle Group for permission 
to use the Satellite Tracking and Analysis Tool pro-
gram. The Animal Care and Use Committee of the 
Smithsonian Tropical Research Institute approved 
tagging procedures. Two anonymous reviewers 
made valuable comments to improve an earlier ver-
sion of this paper. This study was conducted under 
research permit No. 011-IC-FA-DPSE-MA–2013, 
issued by the Provincial Department of Environment 

of Santa Elena. This study was partially financed 
by the Smithsonian Tropical Research Institute, 
Secretaría Nacional de Ciencia y Tecnología de 
Panamá (SENACYT), The International Community 
Foundation, and The Whale Museum.

Literature Cited

Acevedo, J., Rasmussen, K., Félix, F., Castro, C., Llano, M., 
Secchi, E., . . . Pastene, L. (2007). Migratory destinations 
of the humpback whales from Magellan Strait feeding 
ground, Chile. Marine Mammal Science, 23(2), 453-463. 
http://dx.doi.org/10.1111/j.1748-7692.2007.00116.x

Bello, R., Arias-Schreiber, M., & Sánchez, R. (1998). 
Distribución y abundancia de cetáceos durante el cru-
cero de BIC Humboldt 9709-10, de Matarani a Paita 
[Distribution and abundance of cetaceans during the 
RV Humboldt cruise 970910, from Matarani to Paita]. 
Informe del Instituto del Mar del Perú, 130, 78-85.

Caballero, S., Hamilton, H., Jaramillo, H., Capella, J., 
Flórez-González, L., Olavarría, C., . . . Baker, C. S. 
(2001). Genetic characterization of the Colombian 
Pacific coast humpback whale population using RAPD 
and mitochondrial DNA sequences. Memoirs of the 
Queensland Museum, 47(2), 459-464.

Calambokidis, J., Falcone, E. A., Quinn, T. J., Burdin, A. M., 
Clapham, P. J., Ford, J. K. B., . . . Maloney, N. (2008). 
SPLASH: Structure of populations, levels of abundance 
and status of humpback whales in the North Pacific (Final 
report for Contract AB133F-03-RP-00078). 57 pp.

Chittleborough, R. G. (1958). The breeding cycle of 
the female humpback whale, Megaptera nodosa 
(Bonnaterre). Australian Journal of Marine and 
Freshwater Research, 9, 1-18. http://dx.doi.org/10.1071/
MF9580001

Clarke, R. (1962). Whale observation and whale marking 
off the coast of Chile in 1958 and from Ecuador towards 
and beyond the Galápagos Islands in 1959. Norsk 
Hvalfangsttid, 51(7), 265-287.

Comisión Permanente del Pacífico Sur [CPPS]. (2014). 
Atlas sobre distribución, rutas migratorias, hábi-
tats críticos y amenazas para grandes cetáceos en 
el Pacífico oriental [Atlas on distribution, migration 
routes, critical habitats and threats to large cetaceans in 
the Eastern Pacific] (Serie Estudios Regionales, No. 1). 
Guayaquil, Ecuador: Comisión Permanente del Pacífico 
Sur – CPPS. 88 pp. 

Costa, D. P., Robinson, P. W., Arnould, J. P., Harrison, 
A. L., Simmons, S. E., Hassrick, J. L., & Crocker, D. E. 
(2010). Accuracy of ARGOS locations of pinnipeds 
at-sea estimated using Fastloc GPS. PLOS ONE, 5(1), 
e8677. http://dx.doi.org/10.1371/journal.pone.0008677

Coyne, M. S., & Godley, B. J. (2005). Satellite tracking 
and analysis tool (STAT): An integrated system for 
archiving, analyzing and mapping animal tracking data. 
Marine Ecology Progress Series, 301, 1-7. http://dx.doi.
org/10.3354/meps301001



338  Félix and Guzmán 

Cucalón, E. (1996). Primera parte: Oceanografía y sistemas 
físicos [Part One: Oceanography and physical systems (pp. 
1-109). In Sistemas biofísicos en el Golfo de Guayaquil 
[Biophysical Systems in the Gulf of Guayaquil]. Quito, 
Ecuador: Comisión Asesora Ambiental (CAMM). 223 pp.

Dalla Rosa, L., Secchi, E. R., Maia, Y. G., Zerbini, A. N., & 
Heide-Jørgensen, M. P. (2008). Movements of satellite-
monitored humpback whales on their feeding ground 
along the Antarctic Peninsula. Polar Biology, 31(7), 
771-781. http://dx.doi.org/10.1007/s00300-008-0415-2

Dawbin, W. H. (1966). The seasonal migratory cycle of 
humpback whales. In K. S. Norris (Ed.), Whales, dol-
phins, and porpoises (pp. 145-170). Berkeley: University 
of California Press. 

Douglas, D. C., Weinzierl, R. C., Davidson, S., Kays, R., 
Wikelski, M., & Bohrer, G. (2012). Moderating Argos 
location errors in animal tracking data. Methods in 
Ecology and Evolution, 3(6), 999-1007. http://dx.doi.
org/10.1111/j.2041-210X.2012.00245.x

Félix, F., & Haase, H. (2001). The humpback whale off the 
coast of Ecuador: Population parameters and behavior. 
Revista de Biología Marina y Oceanografía, 36(1), 
61-74. http://dx.doi.org/10.4067/S0718-195720010001 
00006

Félix, F., Caballero, S., & Olavarría, C. (2012). Genetic 
diversity and population structure of humpback whales 
(Megaptera novaeangliae) from Ecuador based on mito-
chondrial DNA analyses. Journal of Cetacean Research 
and Management, 12(1), 71-77.

Félix, F., Muñoz, M., Falconí, J., Botero, N., & Haase, B. 
(2011a). Entanglement of humpback whales in artisanal 
fishing gear in Ecuador. Journal of Cetacean Research 
and Management, Special Issue 3, 285-290.

Félix, F., Palacios, D., Salazar, S. K., Caballero, S., Haase, 
B., & Falconí, J. (2011b). The 2005 Galápagos hump-
back whale expedition: A first attempt to assess and 
characterize the population in the archipelago. Journal 
of Cetacean Research and Management, Special Issue 3, 
291-299.

Gabriele, C. M., Straley, J. M., Herman, L. M., & Coleman, 
R. J. (1996). Fastest documented migration of a north 
Pacific humpback whale. Marine Mammal Science, 12(3), 
457-464. http://dx.doi.org/10.1111/j.1748-7692.1996.tb 
00599.x

Gales, N., Double, M. C., Robinson, S., Jenner, C., Jenner, 
M., King, E., . . . Paton, D. (2010). Satellite tracking of 
Australian humpback (Megaptera novaeangliae) and 
pygmy blue whales (Balaenoptera musculus brevi-
cauda) (Document SC/62/SH21). Presented to the 62 
International Whaling Commission Scientific Committee 
Meeting, Agadir, Morocco. 9 pp. 

Geolab, S. R. L. (2010). Plan de manejo ambiental del estu-
dio de impacto ambiental del proyecto de levantamiento 
sísmico 3D Lote Z1 Tumbes – Adecuación conforme al 
D.S. No. 015-2006-EM, Vol. 1 [Environmental man-
agement plan of the environmental impact seismic 3D 
survey Area Z1 Tumbes – according to D.S. No. 015-

2006-EM, Vol. 1]. 646 pp. Available from www.minem.
gob.pe. 

Guzmán, H. M., Gómez, C. G., & Guevara, C. A. (2012). 
Potential vessel collisions with Southern Hemisphere 
humpback whales wintering off Pacific Panama. 
Marine Mammal Science, 29(4), 629-642. http://dx.doi.
org/10.1111/j.1748-7692.2012.00605.x

Hauser, N., Zerbini, A. N., Geyer, Y., Heide-Jørgensen, M. P., 
& Clapham, P. J. (2010). Movements of satellite-moni-
tored humpback whales, Megaptera novaeangliae, from 
the Cook Islands. Marine Mammal Science, 26(3), 679-
685. http://dx.doi.org/10.1111/j.1748-7692.2009.00363x.

Heileman, S., Guevara, R., Chávez, F., Bertrand, A., & 
Soldi, H. (2008). XVII-56 Humboldt Current LME. 
In K. Sherman & G. Hempel (Eds.), The UNEP large 
marine ecosystem report: A perspective on changing 
conditions in LMEs of the world’s regional seas (pp. 
749-762) (UNEP Regional Seas Report and Studies 
No. 182). Nairobi, Kenya: United Nations Environment 
Programme. 852 pp.

Hill, P. S., Jackson, A., & Gerrodette, T. (1991). Report 
of a marine mammal survey of the Eastern Tropical 
Pacific aboard the research vessel McARTHUR 
(July 28-December 6, 1990) (NOAA-TM-NMFS-
SWFC 159). Washington, DC: National Oceanic and 
Atmospheric Administration. 142 pp.

Hucke-Gaete, R., Haro, D., Torres-Florez, J. P., Montecinos, 
Y., Viddi, F., Bedriñana-Romano, L., . . . Ruiz, J. (2013). 
A historical feeding ground for humpback whales in 
the eastern South Pacific revisited: The case of north-
ern Patagonia, Chile. Aquatic Conservation: Marine 
and Freshwater Ecosystems. http://dx.doi.org/10.1002/
aqc.2343

International Whaling Commission (IWC). (1998). Report 
of the Scientific Committee. Reports of the International 
Whaling Commission, 48, 53-118.

Jackson, A., Gerrodette, T., Chivers, S., Lynn, M., Olson, 
P., & Rankin, S. (2004). Marine mammal data collected 
during a survey in the Eastern Tropical Pacific Ocean 
aboard the NOAA ships McArthur II and David Starr 
Jordan, July 29-December 10, 2003 (NOAA-TM-NMFS-
SWFSC 366). Washington, DC: National Oceanic and 
Atmospheric Administration. 98 pp.

Kellogg, R. (1929). What is known of the migrations 
of some of the whalebone whales. In Smithsonian 
Institution annual report (pp. 467-494). Washington, 
DC: U.S. Government Printing Office.

Kennedy, A. S., Zerbini, A. N., Rone, B. R., & Clapham, P. J. 
(2014). Individual variation in movements of satellite-
tracked humpback whales Megaptera novaeangliae in 
the eastern Aleutian Islands and Bering Sea. Endangered 
Species Research, 23, 187-195. http://dx.doi.org/10.3354/
esr00570.

Kennedy, A. S., Zerbini, A. N., Vázquez, O. V., Gandilhon, 
N., Clapham, P. J., & Adam, O. (2013). Local and 
migratory movements of humpback whales (Megaptera 
novaeangliae) satellite-tracked in the North Atlantic 



  Southeast Pacific Humpback Whale Migratory Route 339

Ocean. Canadian Journal of Zoology, 92, 9-18. http://
dx.doi.org/10.1139/cjz-2013-0161

Kinzey, D., Gerrodette, T., Barlow, J., Dizon, A., Perryman, 
W., & Olson, P. (2000). Marine mammal data collected 
during a survey in the Eastern Tropical Pacific Ocean 
aboard the NOAA ships McArthur and David Starr 
Jordan, July 28-December 9, 1999 (NOAA-TM-NMFS-
SWFC-293). Washington, DC: National Oceanic and 
Atmospheric Administration. 89 pp.

Kinzey, D., Gerrodette, T., Dizon, A., Perryman, W., Olson, 
P., & Rankin, S. (2001). Marine mammal data col-
lected during a survey in the Eastern Tropical Pacific 
Ocean aboard the NOAA ships “McArthur” and “David 
Starr Jordan,” July 28-December 9, 2000 (NOAA-TM-
NMFS-SWFC 303). Washington, DC: National Oceanic 
and Atmospheric Administration. 100 pp. 

Kinzey, D., Gerrodette, T., Barlow, J., Dizon, A., Perryman, 
W., Olson, P., & Von Saunder, A. (1999). Marine mammal 
data collected during a survey in the Eastern Tropical 
Pacific Ocean aboard the NOAA ships “McArthur” and 
“David Starr Jordan” and the UNOLS ship Endeavour, 
July 31-December 9, 1998 (NOAA-TM-NMFS-SWFC 
283). Washington, DC: National Oceanic and Atmospheric 
Administration. 113 pp.

Lagerquist, B., Mate, B., Ortega-Ortiz, J. G., Winsor, M., 
& Urbán-Ramírez, J. (2008). Migratory movements and 
surfacing rates of humpback whales (Megaptera novae-
angliae) satellite tagged at Socorro Island, Mexico. 
Marine Mammal Science, 24(4), 815-830. http://dx.doi.
org/10.1111/j.1748-7692.2008.00217.x

Mackintosh, N. A. (1942). The southern stocks of whale-
bone whales. Discovery Reports, XXII, 197-300. 

Márquez, J. C., & Arias-Schreiber, M. (2000). Avistamientos 
de cetáceos en el mar peruano en relación con algunos 
parámetros oceanográficos en Mayo 2000 [Sightings 
of cetaceans in the Peruvian sea and relationship with 
some oceanographic parameters in May 2000]. Informe 
del Instituto del Mar del Perú, 163, 19-24.

Mate, B. R., Gisiner, R., & Mobley, J. (1998). Local and 
migratory movements of Hawaiian humpback whales 
tracked by satellite telemetry. Canadian Journal of 
Zoology, 76, 863-868. http://dx.doi.org/10.1139/z98-008

Olavarría, C., Baker, C. S., Garrigue, C., Poole, M., Hauser, 
N., Caballero, S., . . . Russell, K. (2007). Population 
structure of South Pacific humpback and the origin 
of the eastern Polynesian breeding grounds. Marine 
Ecology Progress Series, 330, 257-268. http://dx.doi.
org/10.3354/meps330257

Pacheco, A. S., Silva, S., & Alcorta, B. (2009). Winter dis-
tribution and group composition of humpback whales 
(Megaptera novaeangliae) off northern Peru. Latin 
American Journal of Aquatic Mammals, 7(1-2), 33-38. 
http://dx.doi.org/10.5597/lajam00131

Papastavrou, V., & Van Waerebeek, K. (1998). A note on 
the occurrence of humpback whales (Megaptera novae-
angliae) in tropical and subtropical areas: The upwelling 
link. Reports of the International Whaling Commission, 
47, 945-947. 

Ramírez, P. (1988). La ballena jorobada Megaptera novae-
angliae en la costa norte del Perú. Períodos 1961-1966 y 
1975-1985 [The humpback whale Megaptera novaean-
gliae in the northern coast of Peru. Periods 1961-1966 
and 1975-1985]. Boletín de Lima, 65, 91-95.

Rasmussen, K., Palacios, D., Calambokidis, J., Saborio, 
M. T., Dalla Rosa, L., Secchi, E. R., . . . Stone, G. (2007). 
Southern Hemisphere humpback whales wintering off 
Central America: Insights from water temperature into 
the longest mammalian migration. Biology Letters, 3(3), 
302-305. http://dx.doi.org/10.1098/rsbl.2007.0067

Sánchez, R., & Arias-Schreiber, M. (1998). Cetáceos obser-
vados frente a la costa peruana y su relación con la distri-
bución y abundancia de los recursos pelágicos. Crucero 
BIC Humboldt 9808-09, de Paita a Callao [Cetaceans 
sighted off the Peruvian coast and their relationship with 
distribution and abundance of pelagic resources. RV 
Humboldt cruise 9808-09 from Paita to Callao]. Informe 
del Instituto del Mar del Perú, 141, 55-66.

Sánchez, R., Arias-Schreiber, M., & Ontón, K. (1998). 
Avistamientos de cetáceos en el mar peruano y su rel-
ación con los principales recursos pelágicos. Crucero 
BIC Humboldt 9803-05 de Tumbes a Tacna. [Sightings 
of cetaceans in the Peruvian sea and their relationship 
with pelagic resource. RV Humboldt cruise 9803-05 from 
Tumbes to Tacna]. Informe del Instituto del Mar del Perú, 
130, 163-179. 

Santillán, L. (2011). Records of humpback whales 
(Megaptera novaeangliae) in Sechura Bay, Peru, in 
spring 2009-2010. Journal of Marine Animals and Their 
Ecology, 4(1), 29-35.

Stevick, P., Aguayo, A., Allen, J., Avila, I. C., Capella, J., 
Castro, C., . . . Siciliano, S. (2004). A note on the migra-
tions of individually identified humpback whales between 
the Antarctic Peninsula and South America. Journal of 
Cetacean Research and Management, 6(2), 109-113.

Steward, K. R., Lewison, R. L., Dunn, D. C., Bjorkland, 
R. H., Kelez, S., Halpin, P. N., & Crowder, L. B. (2010). 
Characterizing fishing efforts and spatial extent of 
coastal fisheries. PLOS ONE, 5(12), e14451. http://dx. 
doi.org/10.1371/journal.pone.0014451

Stone, G. S., Flórez-González, L., & Katona, S. (1990). 
Whale migration record. Nature, 346, 705. http://dx.doi.
org/10.1038/346705a0

Thiel, M., Macaya, E. C., Acuña, E., Arntz, W. E., Bastias, 
H., Brokordt, K., . . . Vega, J. M. A. (2007). The 
Humboldt Current System of northern and central Chile: 
Oceanographic processes, ecological interactions and 
socioeconomic feedback. Oceanography and Marine 
Biology: An Annual Review, 45, 195-344. http://dx.doi.
org/10.1201/9781420050943.ch6

Van Waerebeek, K., Baker, A. N., Félix, F., Gedamke, J., 
Iñiguez, M., Sanino, G. P., . . . Wang, Y. (2007). Vessel 
collisions with small cetaceans worldwide and with large 
whales in the Southern Hemisphere, an initial assess-
ment. Latin American Journal of Aquatic Mammals, 
6(1), 43-69. http://dx.doi.org/10.5597/lajam00109



340  Félix and Guzmán 

Vincent, C., McConnell, B. J., Ridoux, V., & Fedak, 
M. A. (2002). Assessment of Argos location accuracy 
from satellite tags deployed on captive gray seals. 
Marine Mammal Science, 18(1), 156-166. http://dx.doi.
org/10.1111/j.1748-7692.2002.tb01025.x

Walsh Peru, S. A. (2011). Mamíferos y tortugas marinas 
[Marine mammals and turtles]. En estudio de impacto 
ambiental perforación exploratoria de 20 Pozos en el 
lote Z-38 [Study of environmental assessment of explor-
atory drilling in 20 wells in area Z-38]. Prepared for 
Karoon Energy International. Retrieved 21 August 2014 
from www.minem.gob.pe.

Wyrtky, K. (1975). Fluctuation of the dynamic topography 
in the Pacific Ocean. Journal of Physical Oceanography, 
5, 450-459. http://dx.doi.org/10.1175/1520-0485(1975) 
005<0450:FOTDTI>2.0.CO;2

Zerbini, A. N., Clapham, P. J., & Wade, P. R. (2010). 
Assessing plausible rates of population growth in hump-
back whales from life-history data. Marine Biology, 
157, 1225-1236. http://dx.doi.org/10.1007/s00227-010-
1403-y-.

Zerbini, A. N., Andriolo, A., Heide-Jørgensen, M. P., 
Pizzorno, J. L., Maia, Y. G., Douglas, G. R., . . . Bethlem, 
C. (2006). Satellite-monitored movements of hump-
back whales Megaptera novaeangliae in the southwest 
Atlantic Ocean. Marine Ecology Progress Series, 313, 
295-304. http://dx.doi.org/10.3354/meps313295




