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a b s t r a c t

The Southeastern Pacific Humpback whale Megaptera novaeangliae reproduces from June to September
off the coast of Ecuador where a large artisanal fisheries fleet consisting of more than 15,000 vessels
operates year round. The bycatch impact on this humpback population has been overlooked. Based on
the annual bycatch mortality documented in this study, about 0.53% (95% CI 0.2e1.5%) of the population
might be potentially bycaught in gillnets annually. Depending on the total population numbers estimated
and reported elsewhere for this stock (2917 or 6277 whales), the bycatch mortality is equivalent to 15 or
33 whales per year. A significant correlation was found between the annual bycatch rate and fishing
effort for the period 2000e2009 (r ¼ 0.68, p < 0.05). An increase in artisanal fisheries may cause drastic
consequences since humpback whales as K-strategists have low birth and survival rates. Calves are
probably the most threatened age class due to gillnet entanglements in proximity to coastal waters
where artisanal vessels operate. The Ecuadorian breeding grounds for humpback whales migrating from
Antarctica might become a hot spot for bycatch in the Southeastern Tropical Pacific, if the bycatch rate
continues to increase. Urgent mitigation strategies coupled with precautionary management and
conservation measures are required to protect this vulnerable stock of whales in the long term. The
consequences of humpback whale bycatch off coastal Ecuador and possible solutions to mitigate the
bycatch are analyzed.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Bycatch in commercial and artisanal fisheries is known to be one
of the most serious anthropogenic threats to marine mammals and
many other large marine organisms (Hall et al., 2000). Particularly,
fishing gear (e.g., gillnets) is one of the main threats to cetaceans in
the different marine regions (Perrin et al., 1994; Reeves and
Leatherwood, 1994; Reeves et al., 2002). Major concerns on the
impact of several anthropogenic activities, including bycatch on
marine mammals (e.g., humpback whales) have been recently
underlined as a priority threat to be urgently addressed in the
Southeastern Tropical Pacific (CPPS-PNUMA, 2007, Flórez-González
et al., 2007).
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The humpback whale (Megaptera novaeangliae) is globally
present in all oceans, though it is less common in Arctic waters
(Leatherwood and Reeves, 1983; Reeves et al., 2002; Angliss and
Outlaw, 2005). Like most Mysticeti, this species migrates between
the breeding grounds located in the tropics and the feeding
grounds located in polar and sub-polar regions (Leatherwood and
Reeves, 1983). Humpback whales constantly face the risk of
bycatch both on feeding and breeding grounds as well as during
migrations to those areas as shown on bycatch marks from whales
photographed for photoidentification studies. Bycatch rates on
humpbacks, as measured by fluke and caudal peduncle scars, range
from 8% to 25% in the Gulf of Maine, Atlantic Ocean (Robbins and
Mattila, 2001) and from 52% to 78% in Northern Southeastern
Alaska (Neilson et al., 2007). In Colombia, the incidental captures
with fishing nets involving humpbacks represent 67% of the cases
of dead animals and non-lethal impacts (i.e. those entangled
animals that continue swimming with nets around their bodies)
a number that has been increasing since 1995 (Capella et al., 2001).
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The breeding grounds off the entire Ecuadorian coast are inten-
sively fished with artisan and semi-industrial fishing vessels
(Terán et al., 2006).While the incidence of bycatch on humpbacks is
known in the Northern Hemisphere, it has been scarcely docu-
mented in tropical, equatorial marine regions (i.e. breeding
grounds) of the Pacific coast of South America.

The humpback whale in coastal Ecuador has relevance as source
of economic income in several small fishing communities along the
Ecuadorian coast due to the whale watching activity as an impor-
tant tourism industry and initiative. During the breeding season, at
least six communities along the mainland coast of Ecuador offer
whale watching trips, which can attract about 13,000e20,000
whale watchers annually (Bearson, 2006; Hoyt and Iñíguez, 2008).
In 2006, the economic activity generated by whale watching was
over $ 60,000,000 in total expenditure (direct expenditure
accounted by 80% of the total) in Ecuador (Hoyt and Iñíguez, 2008)
and these numbers are likely to increase in future. For instance,
17,000 persons around the world participated in whale watching
tours from July to October in 2009 (IWC, 2010). The Ecuadorian
Government, through the Ministry of Tourism, Environment and
Foreign Affairs has, by itself, spent approximately $400,000 to
promote whale watching activities in recent times (IWC, 2010).
There is evidence of successful tourism initiatives with humpbacks,
but some local fishing activities cause numerous and deleterious
entanglements involving reproductive females and calves (Scheidat
et al., 2000; Alava et al., 2005; Felix et al., 2007), which jeopardizes
the humpback whale population, thetourism (i.e. whale watching)
and some ecotourism-related activities. The effect of bycatch on the
Southeastern Pacific populationwhich breeds off coastal Ecuador is
unclear although the problem is readily evident in each breeding
season (Alava et al., 2005). Even though humpback whales are
protected by Ecuadorian law (Ministerial Decree No. 196 Official
Register No. 458, June 1990) and listed as Vulnerable (VU) in the
national red list for mammals (Tirira, 2011), management strategies
have not been appropriately enforced or put in place to control,
reduce or mitigate the bycatch problem. These management
Fig. 1. Map of Ecuador recognized breeding areas for the Southeastern Pacific humpback w
are conducted, including Tonsupa (Esmeraldas Province), Puerto Lopez, Puerto Cayo and L
Province). The Santa Elena Península and Gulf of Guayaquil (both enclosed in circles) as we
actions are varied in terms of temporal and spatial stress divert
strategies. They can include zoning of breeding grounds, bans,
appropriate control, surveillance and sanctions to mitigate and
minimize the stress originated by anthropogenic factors over the
humpback whale population. Some of these management strate-
gies have been identified as feasible and realistic (Barragán, 2008)
and would represent a more comprehensive approach in protected
areas and the management of living resources (Thomas and
Middleton, 2003). These measures should be in combination with
better management practices of the humpbackwhale as inwildlife-
based recreational activities (Morgera and Wingard, 2009).

Humanewildlife conflict is a significant and growing conser-
vation problem around the world (Woodroffe et al., 2005);
therefore, management actions must deal not only with humans
and wildlife conflicts, but with jurisdictions and actual control of
them. Recognizing that humans-wildlife conflicts are not always
conflicts between humans and wildlife, but among humans about
wildlife (Madden, 2004), it is more likely that the issue of
humpback whales management can be addressed and treated
effectively.

Desired management options need to trade off between species
conservation and sustainable use versus commercial artisanal
fisheries within Ecuadorian coastal waters. This review analyzes
the population ecology and the abundance of Southeastern Pacific
humpback whales, and describes the impact of artisanal fisheries
interactions over this whale population. Some suggestions for
alternative management strategies and regulations are provided
within a more appropriate framework for Ecuadorian authorities to
explore.

2. Materials and methods

The study area is located along the Ecuadorian coast, from
Esmeraldas in the North to the Gulf of Guayaquil in the south
(Fig.1). The coastal waters of Ecuador are used by humpback whales
for breeding during the austral winter from June through
hale (enclosed in squares) and the major ports from which whale watching operations
a Plata Island (Machalilla National Park, Manabí Province); and Salinas (Santa Elena
ll as protected areas in Ecuador are also shown as references.



Table 1
Total effort deployed, sightings and number of whales bycaught in the three study
sites: Esmeraldas, Machalilla National Park and Salinas (1996e2009).

Season Boat
tripsa

Effort
(hours)

Sightingsb Whales
sightedc

Bycatchd Bycatch
rate/yeare

1996 49 250 105 585 3 0.51
1997 48 194 100 335 0 0
1998 52 136 134 477 1 0.21
1999 47 98 129 306 0 0
2000 58 177 146 336 0 0
2001 214 554.5 480 1105 12 1.10
2002 170 417.7 411 948 5 0.53
2003 173 644 449 1042 1 0.10
2004 303 613.8 27 1266 9 0.71
2005 263 559 517 1231 5 0.41
2006 37 189.4 191 345 2 0.58
2007 24 75.2 48 109 0 0
2008 24 44.0 89 450 4 0.90
2009 16 48.4 126 105 4 3.80

Total 1478 4001 3452 8640 46
Average 106 286 247 617 3.30 0.63
SD 98 223 183 414 3.60 0.98

a Whale watching platforms.
b Field observations by observers aboard boats and involving either the presence

or absence of whales.
c Number of whale observed in sightings.
d Annual mean bycatch rate ¼ 3.30/617 ¼ 0.005.
e Bycatch/whales sighted.
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September (Scheidat et al., 2000; Felix and Haase, 2001). These
whales belong to the Southeastern Pacific humpback whale pop-
ulation or Group G (IWC, 1998) which have their feeding grounds
west of the Antarctic Peninsula (Dawbin, 1966; IWC, 1998, Stevick
et al., 2004) and south of Chile (Gibbons et al., 2003; Acevedo
et al., 2005).

In order to assess the impact of artisanal fisheries bycatch on
humpback whales in Ecuador, we divided this study into four
subtopics: (1) population assessment of breeding humpback
whales through the compilation of all existing published informa-
tion, (2) description of the Ecuadorian coastal artisanal fisheries; (3)
bycatch rates and humpback whale abundance from data of field
surveys conducted in study areas along the coast (see Fig.1); and (4)
conservation and management implications for humpback whales
in Ecuador.

Under this rationale, the results of humpback whale monitoring
in Ecuador that are presented in this paper correspond to the field
work surveys conducted from 1996 until 2009 at three distinct
research sites off the Ecuadorian coast: Esmeraldas, Machalilla
National Park (Manabí Province) and Salinas (Santa Elena Province).
Field observations were conducted onboard commercial whale
watching boats at the three localities. All study areas are used as
artisanal fishing harbors as well as tourism-based ports (Fig. 1).

Seven to 10 m long whale watching fiber glass vessels powered
with 75HP to 150 HP outboard motors were used as observation
platforms. Surveys were conducted during the “summer” season
between July and October from 1996 to 2009 with daily trips from
Sua in Esmeraldas, Puerto Lopéz in Manabí and Salinas in Santa
Elena Province. Trips generally started leaving the port between
8:00 and 10:00 a.m. and returning by midday in Esmeraldas and
Salinas or by 6 p.m. with a 2e3 h stop at La Plata Island for trips
conducted from Puerto Lopez. The time spent on surveys was
variable depending on the whale watching observation opportu-
nities during the tour.

During each trip, relative abundance surveys were carried out
registering the total time of the survey and each sighting of whales
individually or in groups. In each sighting, a Garmin handheld GPS
was used to record thewhale position, number of animals, presence
of calves and behavior. When possible, flukes were pictured for
Photo ID studies using slide film cameras (e.g., Nikon F3) and later
digital cameras (e.g., Canon AVI).

The total survey effort for the three sites were 4000 h
(yearly average effort of 286 h) with a total of 3452 sightings
(Table 1). The effort increased from 1996 to 2005, ranging from 250
to 559 h, since the availability of observation platforms (i.e., boats)
was better. This made possible for researchers to stay on board as
longest as possible. The total number of sightings (3452 sightings)
and whales sighted (8640 whales) during the whole research
periods are shown in Table 1. Birth rate was estimated as the
percentage of calves in the total population or sample of a pop-
ulation (Baker et al., 1987), where the sample of the population
used here is the average amount of calves/whales observed during
each trip in one season.

To assess the impact of the artisanal fishing effort on humpback
whale bycatch, the total landings of the artisanal fishery fleet re-
ported from 1996 to 2009 were used as a proxy, as data on annual
numbers of artisanal boats operating off the coast of Ecuador and
fishing efforts are inconsistently reported or unavailable. Landing
data for the artisanal fisheries were retrieved from reports available
at the National Institute of Fisheries (Instituto Nacional de Pesca)
(Herrera et al., 2007; Peralta, 2009), the Fisheries Resource Service
Bureau (Subsecretaria de Recursos Pesqueros, 2008e2010; http://
www.subpesca.gob.ec/flotaartesanal.php) and the Food and Agri-
culture Organization (FAO, 2004e2011; http://www.fao.org/
fishery/countrysector/FI-CP_EC/es).
3. Results and discussion

3.1. Breeding and abundance within the population ecology

In the last decade, several long-term studies of the Southeastern
Pacific humpback whale stocks have been conducted in Ecuador
and Colombia, and have produced information on population
estimations and reproductive parameters (e.g., Flórez González,
1991; Capella et al., 1998; Scheidat et al., 2000, 2004; Felix and
Haase, 2001; Barragán, 2003; Castro et al., 2004; Felix and Haase,
2005). Estimations of the number of animals using Ecuadorian
waters range from 405 (95% CI: 221e531) in 1999 (Scheidat et al.,
2000) to 2917 (95% C.I. 1715e4859) individuals in 2004
(Felix et al., 2006). This population estimation increases during that
time period, which can be explained due to the increment of
monitoring effort and field observations at sea (i.e. an increase in
the number of whale watching platforms and effort hours).
Therefore, more individual animals were photo-identified in 2004
in comparison to those identified in the previous population esti-
mation conducted in 1999.

However, due to the lack of information regarding survival and
mortality rates for this stock, studies on population dynamics,
simulation modeling and trends have been seldom conducted
(Alava, 2003; Alava and Felix, 2005, 2006). In this study, we show
the first results on abundance trends of humpback whales off the
coast of the Machalilla National Park and Súa, Esmeraldas (i.e. the
two main breeding grounds in Ecuador, Fig. 1). These findings
contrast with demographic studies carried out on other humpback
whale populations in the North Pacific (e.g., Baker et al., 1987;
Calambokidis et al., 1996, 2001; Angliss and Outlaw, 2005;
Carretta et al., 2006) and North Atlantic (e.g., Smith et al., 1999;
Barlow and Clapham, 1997).

Data on population estimations and demographic rates of the
Southeastern Pacific humpback stock as a conglomerate of several
studies conducted in Ecuador between 1991 and 2005 are listed in
Tables 2 and 3, which also include data for the birth rate (see Baker
et al., 1987). The birth rate for humpback whales in Ecuador turned
out to be low (birth rate mean � SD ¼ 0.08 � 0.06; see Table 2)
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Table 2
Birth rates of the South-eastern Pacific humpback whale stock estimated in Ecuador and Colombia.

Site Total whales Total calves Gross birth rate Source

Gorgona Island, Colombia (1986e1992) 1260 132 0.12 Bravo et al. (1994),a

Málaga Bay, Colombia (2001) 108 30 0.28 Flórez González et al. (2002)
Esmeraldas coast, Ecuador (2000e2009) 2854 169 0.15 NAZCA/GAIAS (this study)
La Plata Is.-Salinas, Ecuador

(1991e1997; 2000e2004)
1620 57 0.04 Felix and Haase (2001a)

Machalilla National Park Marine
Protected Area, Ecuador (1996e2005)

4.425 183 0.06 Yaqu Pacha/NAZCA (this study)

Overall mean � 95% CI 7389 571 0.13 � 0.083 This study

a Estimated based on number of calves provided in the article.
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likely due to the fact that the breeding grounds in central and
southern areas (i.e. Machalilla National Park Marine e La Plata
Island and Salinas) of coastal Ecuador (Fig. 1) are a traveling and
mating zone rather than a nursing area (Felix and Haase, 2001),
whereas the northern coast off Ecuador in Esmeraldas is in fact
used for nursing. In contrast, birth rates estimated at both Colom-
bian calving areas (i.e. Gorgona Island and Málaga Bay) were much
higher (birth rate mean � SD ¼ 0.20 � 0.11; see Table 2) and might
be biologically overestimated in the latter case (Clapham et al.,
2001) due to the lack of field studies in that region. In our
research study, there is a clear decrease in the relative abundance of
calves from 2006 to 2009 in relation to previous years (Fig. 2) and
a substantial decrease in birth rates off Esmeraldas from 2000 to
2009.

For the purpose of this study, data available from Ecuador and
Colombia were pooled to obtain a conservative birth rate of 0.13
(95% CI: 0.047e0.213). A preliminary mortality rate of 3.5% (95% CI:
1.9%e5.5%) including both unknown and anthropogenic causes,
was previously estimated for this stock (Alava et al., 2005). Survival
rates ranging 0.62e0.88 for adults were recently estimated for this
population using live history data with the JollyeSeber open pop-
ulation model (Felix et al., 2006).

Most of these vital rates (birth and survival) that we present in
this study are low compared to those documented elsewhere
(Brendão et al., 2000; Clapham et al., 2001). Yet, here population
estimations are relatively recent for a slow-growth rate population
based on data obtained from mark-recapture studies from the last
15 years (see Felix et al., 2006; Table 2). These data are recently able
to show actual population size, but are still inadequate to estimate
population trends, as more photo identified animals are required to
obtain more tangible estimations. An apparent increase in the
relative abundance of whales and calves is observed from 1994 to
Table 3
Population parameters of humpback whales stock off the coast of Ecuador.

Parameter Value Reference

Stock population estimation
(Period: 1998e1999)

404 (95%CI: 221e535) Scheidat et al.
(2000),a

Stock population estimation
(Period: 1996e1997)

1922 (95% CI: 77e3767) Felix and Haase
(2001),b

Stock population estimation
(Period: 2003e2004)

2917 (95% CI: 1751e4859) Felix et al. (2006),c

Photo-identification-based
survival rate

0.62e0.88 Felix et al. (2006)

a This population estimate is precluded for analysis as it is a possible underesti-
mation of the stock due to the lack of individuals photo-identified in that short
period of study.

b This study used the Bailey’s modification of the Petersen method for closed
population (Seber, 1982).

c This study used both the closed (Bailey’s modification of the Petersen method)
and open (JollyeSeber model) mark-recapture models. The value showed here
(4312 individuals) was the population estimate resulting from Model D of the Jol-
lyeSeber estimator for open population. This actual value was used as themaximum
humpback population so far estimated for the simulation.
2005 opposed to the decreasing numbers from 2005 to 2009, as is
illustrated in Fig. 2. These data in conjunctionwith birth rate trends
of all seasons can be used as indicators to explore whether the
population is augmenting or diminishing.
3.2. Description of the coastal and artisanal fisheries

During the1980e1990 period the Ecuadorian artisanal fleet was
calculated on 1900 boats (Salas et al., 2007), while some 7000
vessels were operating from around 70 communities in the early
1990s (Campbell et al., 1991). By the late 1990s, this number had
raised to an estimated of 15,500 artisanal vessels (Ormaza and
Ochoa, 1999), showing in 2000e2004 an increase of 8.4 times
higher than the number in the 1980e1990s period (Salas et al.,
2007). More recently, up to 15,900 boats are thought to be active
in 2008 (Coayla Berroa and Rivera Miranda, 2008). These numbers
show an increase in vessels of more than 50% in less than one
decade. The most common vessels are small rafts (2e3 crew-
members) with 20e50HP outboard motors; long wooden canoes
for 3e4 crewmembers; and 10 mwooden or fiberglass-open boats,
with 75e100HP outboard motors (Massay, 1987). Fishing tech-
niques include surface and deep longlines (4e11.5 km in length
with about 100e1500 hooks); surface (3 km in length and 15 m in
depth) and deep (300e400 m in length) gillnets; and other tools
(e.g. hand line, scissor-net, hummer-bottom-gillnet, chinchorro)
(Cedeño, 1987; Martínez et al., 1991; Gaibor et al., 2002). Fifty
percent of the artisanal fishing vessels use gillnets (Martínez et al.,
1991). According to the National Institute of Fisheries (NIF), the
total average landings produced by artisanal fisheries range from
30,000 to 70,000 tonnes/year, from which 63% are pelagic fishes,
29% demersal fish and 8% several other fish species (FAO,
2004e2011).

Artisanal fishing communities of Ecuador use longlines and
surface gillnets (mesh eye: 7.5e13 cm) to capture pelagic fishes
such as mahi mahi or dolphin fish (Coryphaena hippurus) from
January to March of every year; yellowfin tuna (Thunnus albacares);
bigeye tuna (Thunnus obesus); sword fish (Xiphias gladius); sail
fish (Istiophorous platypterus); and different species of marlins:
striped (Tetraptorus audax); black (Makaira indica); and blue
(Makaira nigricans). These fisheries also include some shark species
that are either targeted or incidentally captured, including blue-
sharks (Prionace glauca); thresher-sharks (Alopias spp.);
hammerhead-sharks (Sphyrna zygaena); and mako-sharks (Isurus
oxyrinchus) (Jacquet et al., 2008). Fishing gears used in these types
of fisheries have been proved to have direct implications in sea
turtle bycatch events, which was estimated to be 4.8 turtles/1000
hooks in some Machalilla National Park fishing harbors (Barragán
et al., 2009) and about 200 sea turtles/day in the dolphin-fish
high fishing season in Cabo San Francisco (Terán, pers. comm.,
NAZCA). Likewise, seabird bycatch associated with artisanal long-
line fishing gears targeting hake (Merluccius gayi) is estimated to be
about 9e13 waved albatrosses (i.e. 155 longline sets; 350 hooks per
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set) (J. Hardesty, pers. comm., American Bird Conservancy) or 0.11
albatrosses/1000 hooks (Darquea-Arteaga et al., 2010).
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Fig. 3. Poisson distribution (l ¼ 3.29, p ¼ 0.102) of bycatch events involving humpback
whales observed in coastal Ecuador from 1996 to 2009.
3.3. Field surveys on bycatch rates and humpback whales

The relative annual abundance of humpback whales, including
the number of calves, is shown in Fig. 2. Calves make up the lowest
proportion of the total population number, while adults contribute
with a higher number of individuals. Due to the low number of
calves, this trendmight suggest a typical scenario of a population in
decline, and not that of a growing population. The bycatch events
were not distributed normally (ShapiroeWilk W test ¼ 0.847,
p < 0.05), but instead the bycatches followed a Poisson distribution
(l ¼ 3.29, Kolmogorov’s D ¼ 0.268, p > 0.05; Fig. 3). The annual
number of whales per unit effort deployed in the long-term
research and the proportion of bycatch events are shown in
Fig. 4. These events were recorded during the period 1996e2009 by
either one of the authors or one contact person, present in the site
when the bycatch event occurred. It is, however very likely, that
these data underestimate bycatch events since entangled individ-
uals at sea and unreported bycaught stranded whales were not
counted due to the lack of observers in the entire Ecuadorian
coastline.

The annual proportion of humpback whale bycatch at sea (i.e.
entanglements) and strandings of entangled whales between 1996
and 2009 was 0.0053 (95% CI 0.002e0.015) with an average
frequency of 3.3 whales bycaught per year (95% CI 1.4e5.2). The
number of whales object of bycatch during the study period are
reported in Table 3. The annual effort increased after 2000 when
most of the humpback whale entanglements began to be recorded.
An obvious increment in the proportion of bycaught whales is
observed since 2007 (Fig. 4). The increase in the bycatch rate seems
to be associated with the total increase of artisanal vessels
(>15,000 units) operating in Ecuadorian waters which shows 50%
moreartisanal fishing vessels at the end of the last century. This is
better assessed when the proportion of the humpback whales
bycaught per year is compared with the annual artisanal landings
from 1996 to 2009. These numbers show a relatively consistent
association between the two variables (Fig. 5). Similarly, when the
temporal trend of humpback bycatch is regressed against the total
fishery landings yielded annually by the artisanal fleet, a significant
increase in the bycatch rate is observed as the total artisanal fishery
production increases from 2000 to 2009 (r ¼ 0.68, p ¼ 0.03; Fig. 6).

Because of the low birth (<8%) and survival (62%) rates for this
stock (see Tables 1 and 2), the bycacth problem can be more serious
than previously thought, due to the slow breeding or low calves
production demonstrated by a declining calve abundance and birth
rate since 2007 (Fig. 2). This fact is further supported by
a substantial decreasing trend in calving rate observed from 2000
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to 2009 in waters off Esmeraldas (Fig. 7), which is likely to be the
major breeding area along the Ecuadorian coast (Fig. 1) since its
birth rate seems to be higher than other breeding areas off Ecuador
(Table 2).

The first strandings of humpback whales along the Ecuadorian
coast were reported between August 1994 and October 1996, with
seven stranding events along the southern coastline (Felix et al.,
1997). At least one of the animals was bycaught in industrial
fishing nets. In 1998, two humpback whale calves were incidentally
captured in nets of local fishers near La Plata Island (Scheidat et al.,
2000). From July 2001 to September 2002, seven new strandings of
humpback whales were reported from different places along the
Ecuadorian coast (Alava et al., 2005). Three of themwere related to
incidental catches caused by fishing nets (gillnets) and one of them
occurred outside of the humpback whales’ reproductive season.
Using non-proportional and proportional 95% confidence interval
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Fig. 5. Temporal trends of humpback whale bycatch and total artisanal fishery landings in c
Peralta (2009), and FAO (2004e2011).
calculations the estimated average frequency of strandings of
humpback whales since 1994 was 1.55 individuals per year (95% CI
0.27e2.83) principally in the central and southern parts of the
Ecuadorian coast (i.e. provinces of Manabí and Guayas), whilethe
proportion of strandings due to bycatch was estimated at 0.286
(95% CI 0.105e0.533) (Alava et al., 2005). About 50% of the
strandings took place in August, during the peak of the breeding
season, being most of them registered in 2001 (n ¼ 4). Six hump-
back whales with fishing nets embedded in their pectoral fins and
flukes were also observed in La Plata Island and other locations
within Machalilla National Park Marine Protected Area (MNP-MPA)
from July to September of that year. One of those records corre-
sponds to a mother accompanied by her calf and observed with
cables and a net on her head. Sixty-seven percent of these entan-
glements occurred in July. These incidental catches were likely to
be linked to the strandings that occurred at the same time along the
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Fig. 6. Linear regression model showing the relationship between the proportion of
bycatch in the humpback whale population off Ecuador and the total artisanal fishery
landings at Ecuador’s mainland coast from 2000 to 2009. The bycatch increases
significantly as the artisanal landings or fishing efforts increase (p ¼ 0.03).

Fig. 8. A humpback whale displaying the fluke before diving and a semi-industrial
fishing vessel close by at La Plata Island in Machalilla National Park, Manabí prov-
ince (Ecuador). Photo Credit: J. Denkinger July, 1996.
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Ecuadorian shoreline. The fishery device most frequently linked to
bycatch was the surface gillnet. During the breeding season,
humpbacks show several behavioral responses with specificmating
patterns involving the displaying of flukes, breaching and diving
activities. This characteristic behavior can be modified in presence
of either fishers or whale-watching tourism boats as a sign of
averting response by the whales (Fig. 8). This behavior has been
poorly studied in the site and more research is needed to under-
stand the behavioral ecology and evolutionary implications of this
interaction source (i.e., fishery and tourism boats) over this
population.

An unusually high number of strandings (three adults and five
newborn calves) were recorded in 2004. Seven of these strandings
occurred in August and although some of them showed an
advanced state of decomposition, it is however likely that most of
these cases of strandings might be related to fisheries interaction
due to the high proportion of stranded calves (63%). As it is the case
elsewhere, entanglementmay pose a greater threat to females with
calves, yearlings and juveniles than to adults because of the defined
presence and preference by the formers for coastal waters in close
proximity to the land, where gillnets are more likely to be used
(Scheidat et al., 2000; Flórez-González et al., 2007). In fact, the
prevalence of entanglements in waters 20e60 m deep coincides
with the distribution of most of the humpback whales (48e57%) off
Ecuador (Felix and Haase, 2005).
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Fig. 7. Birth rate for humpback whales off Esmeraldas from 2000 to 2009. The linear
regression analysis showed a negative trend over time (r2 ¼ 0.28, r ¼ �0.53), although
the relationship was no significant (p ¼ 0.116) at the 95% confidence level (a ¼ 0.05).
If the proportion of the bycatch rate (0.53%) estimated here is
multiplied by the population estimate of 2917 whales (Table 1),
a total number of 15 individuals are likely to be bycaught per year
off Ecuador. More recently, Felix et al. (2007) used a bycatch rate of
0.51%, based on field observations from the years 2004 and 2006
with an estimated total population of 6277 individuals, and sug-
gested that the number of humpback whales entangled in artisanal
gillnets was 32 (95% CI 28e37) whales per year. This value,
however, considers only entangled animals sighted by researchers
on whale watching boats and around beaches in the surroundings
of the field work area., Being these specific record points a small
proportion (i.e. Salinas) of the total breeding area, do not represent
the actual number of animals affected by gillnets at sea, along the
Ecuadorian coast. Using the same population number, it is esti-
mated that 33 individuals are bycaught per year (i.e. 0.53% times
6277) in the breeding area off Ecuador.

As shown in Figs. 5 and 6, humpback whales’ entanglements or
bycatch can be a deleterious anthropogenic stressor for the
humpback whale population breeding within the most important
fishing grounds off coastal Ecuador. The bycatch events described in
this study can still be underestimated and only merely represent
the real magnitude of the bycatch problem in the last two decades.

3.4. Conservation and management implications in Ecuador

Some of the driving forces for the high bycatch rates reported in
artisanal gillnets in Ecuadorian coastal waters include: unrestricted
fishing permits; modified gear; over-dimensioned size of the
fishing fleet; lack of empowerment and environmental awareness
within the fishers sector; inappropriate management measures;
and weakness in law enforcement by fisheries authorities to
address the bycatch problem of marine mammals and other non-
target marine species. Specific technological and management
mitigation measures are needed. Modification in fishing gear and
operational procedures (Hall et al., 2000); the use of acoustic
reflectors (e.g. pringers) (Barlow and Cameron, 1999) as well as
some fishing tools use restriction (e.g., as the Ecuadorian govern-
ment’s decree to regulate and ban bottom net trawling setting off
the coast of Ecuador; Ministerial Decree No. 162, Article 1, from
November 25, 2009) have been proposed as alternatives for the
fishing industry to reduce bycatch per unit of effort. However,
a more comprehensive and integral management approach of
fisheries is needed in order for the bycatch to be reduced. Zoning is
a feasible management tool (Barragán, 2008) since it implies
temporal, spatial and fishing effort regulations which are especially
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relevant due to the presence of humpback whales in a specific area
(coastal-marine habitat) at specific periods (JuneeSeptember).
These regulatory measures during the breeding season are likely to
reduce bycatch (Hall et al., 2000; Flórez-González et al., 2007).

The designation of marine protected areas (MPAs) and the
establishment of regional marine conservation corridors are alter-
native means to conduct in situ marine mammal conservation in
those critical areas as prime importance habitats for humpbacks
along the Southeastern Pacific Ocean (Flórez-González et al., 2007).
This strategy has been recently addressed at the local level in
Ecuador, with two new MPAs established in 2008, including the
Salinas MPA in the mid-coastal region and the Galera-San Francisco
MPA, with an extension of 10 miles off from the Northern coast. It is
however realistic to point out that the Ecuadorian MPAs are pro-
tected areas with little to no control and enforcement of the
management strategies proposed in their programs. They become
then as what is known as “paper parks” due to the inappropriate-
ness in addressing illegal activities such as the recurrent presence
of industrial or semi-industrial fisheries.

Fisheries management at Ecuadorian large-, mid, and artisanal
fisheries scale must adopt better practices and regulation means
(a.k.a., “vedas”) during humpback whale breeding seasons. Legal-
ized, surveyed andwell-controlled involvement of fishers inwhale-
based tourism activities (i.e., whale watching) can be an alternative
income source to fishing during the breeding season. Although this
alternative seems to have failed at some sites (i.e., in Puerto Lopez
at Machalilla National Park), it appears to be very successful off the
coast of Esmeraldas, where bycatch rates are shown to be lower
than other areas. This bycatch decrement coincides with the
involvement of fishers in whale watching activities (J. Denkinger,
pers.obs) during whale season. A more radical alternative like the
implementation of “no-take MPAs” or the creation of Marine
Mammal Sanctuaries where no fishing activities are allowed would
be more effective although less socially acceptable. These measures
would not only guarantee the bycatch reduction but also the
recovery of depleted or reduced fish stocks (Cudney-Bueno et al.,
2009). They are however measures that must be in consonance
with the local fishing communities will. The local fishers must play
a critical role not only in the designing, implementation and control
of these areas but also as allied partners in maintaining those as
areas for the fish stocks to be recovered. Benefits from the imple-
mentation of these measures would arise in the form of healthy
ecosystem, recovered fish populations and attractive sites for
tourism opportunities.

Alternatives to reduce bycatch can also be achieved with a more
reactive approach. Although disentanglements to rescue and
release baleen whales (e.g., right and humpback whales) from
fishing gear (i.e., long lines, gillnets, buoys, ropes and cables) could
be conducted to save individual whales (Lyman et al., 1999), it is
a strategy within the less desired scenario. This approach always
implies a risk for the rescue team and does not solve the problem at
a larger scale since only few whales can be released and it is very
often impossible to reach the animal and rescue it (J. Denkinger,
pers. obs.). If disentanglement actions are needed, the maintenance
of a rescue “task force” either locally or regionally, would not be
likely to succeed due to several constrains in the South American
settings. A rescue network would imply the investment of
a considerable amount of resources which are difficult to sustain in
the long-term.

Additionally, besides the technical and management small- and
large-scale measures to reduce bycatch, effective mitigation strat-
egies will not be achieved unless the artisanal fishing community
gets involved at a bigger scheme scenario. Fishers community
empowerment (i.e., through several mechanisms) and a different
fisheries resource management approach (e.g., the co-management
perspective) will contribute to achieve those big-scale goals.
Prevention and mitigation of the bycatch problem should be the
aim of that approach and can be expected to be achieved through
a multiple-stakeholders arena. These varied interest groups
scenario would count with environmental authorities, artisanal
fishers, non-governmental organizations and local communities in
finding alternatives to attack and solve the bycatch problem in its
roots. Ethical aspects within these alternatives are also important to
take into account when dealing with the bycatch reduction aim.
The application and use of codes of conduct in fishing and in whale
watching activities must be taken as a core principle.

Decision- and policy makers may also focus on prevention
measures rather than problem solution approach (i.e. human
intervention in disentanglement actions). The weight of the
evidence concerning the humpback whale bycatch problem sup-
ported by the data documented in this study and by previous field
observations cannot be refuted. At this level, the precautionary
principle can play an important role in protecting endangered
species regardless of the amount of data available underlining the
problem.

4. Conclusions

The Population of the Southeastern Pacific humpback whale
stock is estimated to be about 4312 individuals at the maximum
estimation (Felix et al., 2006), but there is little information in the
mortality rates to conduct studies on population dynamics.
Mortality rates previously estimated were about 3.5% (Alava et al.,
2005) and survival rates ranged from 0.6 to 0.88 for adults
(Felix et al., 2006). However, birth rates off the Ecuadorian coast
showing 0.4 in Salinas and 0.6 in Machalilla National Park are fairly
low compared to Colombian calving areas. Possibly most of the
central and southern coasts are mating areas whereas the waters
off Esmeraldas at North represent the first calving ground for this
population with a birth rate of 0.15. Relative abundance estimation
of whales and calves increased from 1994 to 2004 and decreased
from 2005 to 2009. In the last decades, artisanal fisheries have
increased by more than 50%, and so have bycatch events with an
important increment since 2007. Considering low birth rates of less
than 8% and 62% survival rates for this stock and possibly z1% of
the total population bycaught per year, the bycatch problem seems
to be far more severe and can pose a serious threat for this
humpback whale population survival.

The Ecuadorian government is very supportive of marine
conservation regulations with a new decree on the regulation and
future ban on bottom net trawling and two newMPAs off the coasts
of Esmeraldas and Salinas. However, surveillance, control and
sanctions are poorly implemented. Rescue programs for entangled
whales along the coast would be beneficial for some individuals but
could not solve the problem in the full extent. By other side, MPAs
with prohibition or restriction for fisheries activities during the
humpback whale breeding season could be very useful for both
humpback whale conservation and fish stock recovery; however,
these outcomes can only be successfully achieved if fisher
communities get involved in the complete process of their imple-
mentation. Finally, management actions must take into account
long-term strategies including population monitoring and assess-
ment; tourists’ education programs; and local actor’s involvement.
Only through their understanding of their role in humpback whales
appropriate use, effective conservation aims will be achieved.
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