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A long-term study of a common bottlenose dolphin (Tursiops truncatus) population
inhabiting the Gulf of Guayaquil, Ecuador (2°33" S, 79°20'W), has been carried out
for almost 30 years. Similarly, as in other parts of the world, this population is structured
socially and spatially in well-defined subunits or communities. Two of these communities,
referred to as Posorja and El Morro, have been studied with major intensity in the
last 10 years in the western inner estuary, among others to calculate population
parameters that allow assessing their viability in time. Calculated parameters include
annual abundance, age and sex composition, annual crude birth rate, calf survival, calf
production interval, and average annual mortality/emigration. With these parameters and
others derived from other better-studied populations, the trend of both subunits was
modeled using the software Vortex. Results show that even under an optimistic scenery
both communities will be extinct in the short (Posorja) and mid-term (El Morro), if current
stressors continue. Most population parameters calculated in both communities show
similar values as in populations elsewhere, but a very low calf survival in Posorja and
high mortality/emigration ratios in adults, and probably in juveniles in both communities,
contribute to this trend. Population deterioration seems to be the result of different
human-induced threats such as fisheries, maritime traffic and others still not well
assessed, as well as stochastic demographic events. We recommend taking actions
in the short term to halt population decline addressing the major causes of mortality
affecting these dolphin communities.

Keywords: bottlenose dolphin, Ecuador, management, reproductive parameters, population trend

INTRODUCTION

The conservation status of several species of coastal small cetaceans is of worldwide concern
because of the increasing evidence of population declines, in some cases to critical levels,
particularly those species of discrete distribution (e.g., Slooten, 2007; Huang et al., 2014; Taylor
et al,, 2016; Minton et al., 2017). Mortality in fishing gear and collisions with vessels have been
identified as the main causes of population decline (Van Waerebeek et al., 2007; Reeves et al.,
2013; Food and Agriculture Organization [FAO], 2018), but other less-known causes such as
environmental degradation and pollution predispose animals to disease, impaired reproduction
or cause a variety of other metabolic disorders (Wells et al., 2005; Jepson et al., 2015; Murphy
etal,, 2015). In many cases, a population can decline very rapidly due to a low reproduction or calf
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survival rate, which complicates an early diagnosis (Wells and
Scott, 1990; Thompson et al, 2000). The situation worsens
when no baseline information is available to recognize changes
occurring in the ecosystem and while actions are defined
and management measures implemented, the situation may
deteriorate until it becomes irreversible. The role of marine
mammals in the ecosystem and how changes in the trophic
structure could affect them is not known in depth (see Morissette
et al, 2012), as changes could be exacerbated by alterations
generated by both human activities and large-scale phenomena
such as climate change acting synergistically (Wells, 2010; Wild
et al,, 2019). Thus, addressing the conservation problem of small
cetaceans is complex, and requires financial and human resources
to improve our understanding of the ecosystem functioning
and how wild populations respond to both natural and human-
induced pressures.

Estimating population parameters such as abundance, birth
rate, mortality, and morbidity among others, are key issues
in defining the viability of a population and is the first step
to define appropriate management measures (Wells and Scott,
1990; Cantor et al., 2012; Manlik et al., 2016). Life histories
of identifiable individuals in long-term studies have been used
to estimate population and reproductive parameters of small
cetaceans (e.g., Wells and Scott, 1990; Fruet et al., 2015; Martin
and Da Silva, 2018). However, highly structured populations
of coastal cetaceans living in small units require finer-scale
assessments than less structured offshore populations, as it has
been demonstrated in the inshore common bottlenose dolphin
(Tursiops truncatus) (Sellas et al., 2005; Richards et al., 2013; Fruet
et al., 2014), the Indo-Pacific bottlenose dolphin (T. aduncus)
(Wiszniewski et al., 2009), coastal killer whales (Orcinus orca)
(Parsons et al., 2009) and Guiana dolphins (Sotalia guianensis)
(Cantor et al,, 2012). Such an approach demands enormous
efforts to follow- specific individuals for sufficient time to
understand the role of these animals within their population units
as their reproductive status and physical maturity changes to
properly interpret the fluctuations in the face of environmental
changes (Parsons et al., 2009; Wells, 2014).

A resident population of inshore bottlenose dolphins inhabits
the inner estuary of the Gulf of Guayaquil in Ecuador.
Intermittently studied since the early 1990s, this population has
experienced a 50% decrease in abundance over the last three
decades (Félix, 1994, 1997; Félix et al., 2017; Bayas-Rea et al,,
2018). More detailed analysis of the population subunits that
conform this metapopulation shows different biological and
conservation conditions, they are likely being unevenly affected
by human and non-human stressors (Félix et al., 2018, 2019¢),
it is not clear why some subunits are more resilient than others.
Addressing the causes is key to designing tailored conservation
actions (Manlik et al., 2016). For example, artisanal fishermen in
the inner estuary of the Gulf of Guayaquil use a high diversity of
gear with different intensity at different sites (see Herrera et al.,
2013). Shipping and port activities could also have a different
impact on those population units inhabiting nearby ports than
those animals living in areas where such activities are less intense.
The identification of management units in structured populations
of small coastal cetaceans such as bottlenose dolphins is key

to prevent habitat fractionating and ensuring their conservation
(e.g., Sellas et al, 2005; Fruet et al, 2014). Therefore, the
conservation of this metapopulation must take into account the
variability of threats occurring in a relatively small area where
well-differentiated population entities inhabit. While the concept
of management units has been traditionally used for demographic
and spatially isolated populations (Palsbell et al., 2006; Sveegaard
et al.,, 2015), in highly social species such as some matrilineal
cetaceans their social and even cultural aspects could have an
important evolutionary role and explain aspects such as low
genetic diversity and habitat specificity (Whitehead, 2017), so
they are determining features to define population units.

In this study, we evaluate population parameters of two
neighboring population units of bottlenose dolphins inhabiting
estuarine waters in the Gulf of Guayaquil, Ecuador, aiming at
defining their viability in the short and medium-term. Being
neighboring communities with a certain level of interaction,
it would be expected that population trajectories are not
significantly different. Based on our demographic analysis we
propose management measures to be implemented immediately
to reduce the impact of anthropogenic disturbances in these
dolphin communities before the point of no return is surpassed.

METHODOLOGY

The Study Area

With around 12,000 km?, the Gulf of Guayaquil is the largest
estuary on the west coast of South America (2°33" S, 79°20'
W). The inner estuary extends into the continent approximately
100 km. This study focused on the western part of the inner
estuary where one of its two main branches, the Estero Salado,
is located (Figure 1). The other main branch, the Guayas River,
runs some 20 kilometers eastward and parallel to the Estero
Salado. The salinity in the estuary is seasonally influenced by
the Guayas River runoff, ranging between 20 and 25 pus in the
Estero Salado throughout the year. The Estero Salado extends
for about 70 km in a northeasterly direction. Secondary channels
divert from the main water body and form numerous mangrove
channels and islands aside. The inner estuary is subject to a semi-
diurnal tide regime ranging from 2.5 to 3.5 m, with currents
up to 3 knots (Stevenson, 1981). Two well-differentiated seasons
with different rainfall regimes characterize the coast of Ecuador; a
short and rainy season between December and April and a longer
and drier season between May and November, with relatively
short transition periods. The surface temperature of the estuary
varies between 22 and 28°C and does not affect the distribution
of bottlenose dolphins in the study area but it does the annual
variation in salinity during the rainy season in other sites of the
inner estuary (Félix, 1994).

The study area includes about 30 km along the east side of
the Estero Salado between Posorja and Sabana Grande channels
and the northwest area of Puna Island by the south (Figure 1).
With 30,000 inhabitants, Posorja is one of the most important
industrial fishing ports of Ecuador. A new port facility for
post-panamax ships started operating in Posorja in August
2019 increasing maritime activities in the area. Other activities
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FIGURE 1 | The study area in the western part of the inner estuary of the Guif of Guayaquil. Blue lines correspond to the survey tracks conducted during the study
period. Colored dots correspond to geo-referenced positions where dolphin groups were recorded, and the colors indicate their membership (Posorja, El Morro and
mixed groups). The red-colored background layer shows the effort intensity.

carried out along the Estero Salado are artisanal fishing, shrimp
aquaculture, and boat-based tourism. Part of the study area is
within the El Morro Mangrove Wildlife Refuge (REVISEMEM),
a coastal marine reserve created in 2007 with an extent of 10,230
ha (Ministerio del Ambiente del Ecuador [MAE], 2010).

Population Units

Two socially and geographically well-defined bottlenose dolphin
population units inhabit the study area, one in the southern part
around the city of Posorja and another one further north along
the west side of the Estero Salado (Félix et al., 2017). These
population units are called communities (sensu Wells et al., 1987)
because their members maintain a higher association degree with
each other than with individuals from neighboring communities.
Membership of individuals to a specific community was based
on the analysis of the level of association among individuals
(see Félix et al., 2017). For practical purposes, these two dolphin
communities have been referred to as Posorja and El Morro.
Mixed groups containing individuals of both communities
represented between 13 and 16% of the total groups recorded
(Feélix, 1997; Félix et al., 2017). Bottlenose dolphins in the
Gulf of Guayaquil are genetically distinct from other coastal
populations and have low genetic diversity at mtDNA control
region (Hd = 0.557 &£ 0.086 and = = 0.022 £ 0.019) (Bayas-Rea
etal., 2018). Mostly shared but also unique haplotypes were found
in these two communities, confirming their genetic relatedness
(Bayas-Rea et al., 2018).

Boat-Based Surveys

Boat-based surveys onboard open boats of 6-7 m in length
powered by outboard engines (48-150 HP) have been made
around the study area since May 2005. Trips were conducted
opportunistically onboard tourist boats until 2009. Restarting in
2011, both opportunistic and dedicated research trips increased
gradually with a maximum of 58 trips in 2018 (Table 1). Posorja
was used as a base port until 2014 and after which Puerto El
Morro, located 8 km upstream within El Morro channel. The
area was surveyed randomly, beginning the search for dolphins
near the departing port and continuing further until finding
a group. Except when tourist boats were used, trips aimed to
cover the greater distance possible. Survey extended between
20 and 100 km and lasted between 2 and 7 h. There was high
variability in terms of area coverage during the surveys, therefore
not every area was covered equally. A heatmap layer with the
survey tracks was prepared with the software QGIS v3.4 (Qgis
Development Team, 2018) using an interpolation algorithm to
create a density raster from a vector layer with the kernel density
estimate (Figure 1).

Sightings

Once a group of dolphins was found, a cautious approach was
made to a safe distance to take information on behavior, size
and group composition. Digital cameras (18-24 megapixels) with
70-300 mm and 100-400 mm zoom lenses were used to take
photographs of dorsal fins and other characteristic body parts.
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TABLE 1 | The yearly effort made during the study period and the number of groups and dolphins recorded.

2005-09 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total
Trips 6 5 4 9 44 4 51 40 58 38 259
Navigation time (h) 8.8 13.8 8 39.5 191.3 6.8 106.3 115.4 2421 167.4 899.4
Total groups 6 6 5 13 64 5 66 87 120 79 451
Observation time (h) 4.8 2.7 3 12.9 26.4 2.4 39.6 42.9 135.5 86.1 356.3
Total dolphins 68 40 60 118 470 55 470 498 850 490 3,119
Identified dolphins 42 23 25 39 48 16 45 42 47 33 360
Total distance (km) 59.7 146 79.6 496.4 3,925 76.6 1,418 2,005 3,129 2,376 13,711.3

Periods 2005-2009 and 2011-2019.

Both the shape and the notches on the posterior edge of the dorsal
fins were used for individual identification, but also temporal
scars product of teeth rakes and sharp objects (see previous work
Feélix, 1997; Félix et al., 2017). More than 150,000 photographs
were taken during the study and around 30% were retained for
photo-ID analysis. The best quality photographs regarding focus
and perpendicular angle were used to create a catalog that was
updated regularly as new particular features appeared in the
fins. Each individual was assigned an alphanumeric identification
code. The photographs were also useful for recording behaviors
and additional specific individual characteristics such as skin
diseases and scars (Van Bressem et al., 2015; Félix et al., 2018).
The sightings were georeferenced using a Garmin® 64 GPS and
the route information subsequently used to estimate the sampling
effort and build distribution maps using QGIS. Positions were
also used to estimate 95% home ranges of both communities
using the package adehabitatHR v. 0.4.18 for R (Calengue,
2006). The model uses the ’utilization distribution” and considers
that animals use of the space can be described by a bivariate
probability density function (UD). The percent value corresponds
to the smallest areas on which the probability to relocate the
animals is equal to 0.95.

Definitions and Population Parameters
Evaluated

Group

A group of dolphins refers to all animals that were recorded
during the sighting period, usually performing similar activities
and moving as a unit with similar speed and same direction (Félix
et al,, 2017). The number of animals in a group was determined
by direct counts of identified animals or as an average of the range
estimated in the field when all the animals in the group could
not be identified. Size and group composition were adjusted once
photographs were processed.

Encounter Rate
The number of dolphins and groups recorded per 10
kilometers of survey.

Occurrence Index

Calculated as the frequency in which identified individuals were
seen for the total possible recapture occasions in a given period
(Morteo etal., 2012), considering the home range spatial coverage
of each community. A value of 1 indicates that an animal

was always seen on each sampling occasion. OI described the
residence patterns of individuals within the study area.

Site Fidelity

Is the tendency to return to a previously occupied location.
Animals were classified as residents and non-resident according
to their sighting frequency along the study period based on
an annual recording basis. Individuals seen at least once in
three different years were considered as resident, otherwise,
they were classified as non-residents. This criterion was not
applied to calves.

Age and Sex Class Determination

Individuals were assigned to one of three age categories (adults,
subadults, or calves) according to their relative size and their
life histories (Félix, 1997; Félix et al., 2017). As some individuals
were recorded since they were calves or juveniles and changed
their class with the time, the age class was assigned on an
annual basis. The sex of the animals was determined by different
methods: 1) using photographs of the dolphin’s anogenital area;
2) molecular methods (Dominguez, 2019); and 3) using indirect
information based on breeding condition and behavior: adult
females were closely and regularly associated with a calf at some
point in their lives and males never associated with a calf during
the study period (at least 5 years) but regularly associated with
another adult of similar characteristics, presumably another male
(Félix et al., 2019a).

Annual Crude Birth Rate
The annual average rate of newborn animals as a proportion of
the total number of animals.

Calf Survival
The proportion
12 months of life.

of offspring that survived the first

Calving Period

The period a calf remained with its mother until weaning. It
was considered that a calf was weaned from the first time the
mother and her calf were not part of the same group and verified
in subsequent sightings. The calving period was accounted since
the 1st day a newborn calf was recorded with its mother, so the
estimated nursing period is the minimum.

Calf Production Interval
The period between the birth of two offspring of the same mother.
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Average Annual Mortality/Emigration

The annual average number of resident adults found dead or
considered emigrated as a ratio of the total number of animals.
A resident adult animal that ceased to be observed for three
consecutive years was considered as dead/emigrated. Because
it was not possible to know if animals that disappeared for
more than 3 years from the study area died or emigrated, both
parameters were calculated together. Conversely, adult survival
was derived by subtracting the animals that die or emigrated from
the remaining animals.

Abundance and Apparent Survival

Given the small size of the dolphin communities studied and
the fact that all resident animals have been identified by
photographs, including small calves, annual population estimates
were calculated using direct counts. In the case of calves,
individuals were size either due to small nicks on the trailing edge
of the fin, fin shape, permanent pigmentations, or due to temporal
marks on the surface produced by teeth or sharp objects. If a
previously identified animal was not seen in a given year but seen
in subsequent years, it was considered alive in the year it was
not recorded.

Annual abundance estimates were also obtained with the
Lincoln-Petersen estimator for closed populations modified by
Chapman (Seber, 2002). Closed population models assume that
the population is closed demographically and geographically (i.e.,
N is constant), that all animals have the same probability to be
caught in the first sample, that the second sample is a simple
random sample, that marks does not affect catchability, that
marks are permanent and all marks are reported (Seber, 2002).
We used two consecutive years for samples 1 and 2, starting
in 2011 for Posorja and 2013 for El Morro. The last sampling
year was 2019. Individual capture histories obtained during the
12 months of a year were collapsed to have an annual sample with
all individuals sighted in that year. Calves were excluded from the
dataset to reduce bias related to population closeness.

The Cormack-Jolly-Seber (CJS) formulation implemented in
Program MARK (White and Burnham, 1999) was used to explore
additional open population models to complement estimates
on apparent survival. CJS is based on a conditional product
multinominal likelihood where the first capture of the animals
is conditioned and only recaptures are modeled (Pledger et al.,
2003). The model estimate capture probabilities (p) and apparent
survival probabilities (phi). Datasets for Posorja and El Morro

were assessed separately organizing the dataset collapsing the
capture histories by 6-months periods. In the dataset, individuals
were marked as females and males. Finally, the minimum real
mortality was also included in Mark indicating which individuals
die and when using the life story format LDLD (live recoveries L
and dead animals D between sampling periods). Model selection
was based on the lowest AICc (Akaike Information Criterion)
among 16 pre-defined models in each case. The goodness of fit
test was accomplished on the Posorja and the El Morro datasets to
estimate the magnitude of overdispersion of the data or variance
inflation factor ¢ (c-hat). The difference in fit (deviance) between
the saturated model and other candidate models is asymptotically
X2 (Chi-square) distributed. Calculated ¢ was used to adjust the
fit of candidate models in both datasets.

Population Trend

Population viability analyses were conducted with the software
VORTEX (version 10.3.7.0), well suited for low fecundity groups
such as dolphins (Lacy and Pollak, 2019). VORTEX simulates
the effects of deterministic forces as well as demographic,
environmental and genetic stochastic events on wildlife
populations. VORTEX models demographic stochasticity by
determining the occurrence of probabilistic events such as
reproduction, litter size, sex determination, and death with
a pseudo-random number generator. Predictions should be
considered about what would be most likely happens to the
populations if various hypotheses about the status of the
populations and threats are true.

Most demographic parameters used in the modeling analysis
were estimated during this study and were complemented with
information from other better studied coastal populations of
T. truncatus (Table 2). Dolphins have a long-term polygyny
reproductive system with sexual maturity reached between 5 -
13 years for females and 9 - 14 years for males, having produced
offspring until 48 yrs for females and 40 years for males (Wells,
2003; Wells and Scott, 2009). Life span varied by sex, up to
48 years for males and 57 years for females (Wells and Scott,
2009; Wells et al., 2014). One offspring is produced in each
reproductive event, which is dependent on its mother for about
3 - 6 years (Wells and Scott, 2009), the calving production
period for this study was used to infer the percentage of
reproductive adult females.

The models were run with 100 iterations and 150 years into
the future; extinction was defined as the moment when only

TABLE 2 | The number of times sites and channels surveyed within the study area.

Sites 2005-09 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total
Posorja 7 4 3 9 40 4 37 31 50 35 220
Farallones 2 6 1 18 4 15 5 58
El Morro Channel 1 1 6 19 1 27 39 49 38 181
Ceibo Channel 18 8 11 18 14 69
Sabana Grande Ch. 1 19 5 9 9 7 50
Total 10 6 5 20 102 6 95 94 141 99 578

Periods 2005-2009 and 2011-2019.
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one sex remains in the populations. Models were run both
with Posorja and El Morro as discrete populations and with
them as a metapopulation. For each case, two models were
run, optimistic and pessimistic, based on high and low carrying
capacity estimates: a high value of 115 individuals and the lowest
value of 56 individuals according to the estimates of the dolphins’
communities’ average size in the Gulf of Guayaquil in the early
1990s (Félix, 1997).

RESULTS
Effort

During the study period, 259 trips were conducted totaling
13,711.3 km (Table 1). Navigation time was 899.4 h, of which
356.3 h were of direct observation on the animals. A total of
451 groups and 3,119 dolphins were recorded, most of them
resighted animals. The number of different animals identified
per year ranged between 16 and 48. Although trips were carried
out throughout the year, the effort was concentrated in the
period June-October (Figure 2). December and January were
the months with the least effort. Dolphins were recorded every
month demonstrating year-round residence in both dolphin
communities. No significant difference in the group encounter
rate throughout the year was found (X?;; = 0.9, p > 0.05),
although dolphins were significantly more abundant in February
and March (X?;, = 61.6, p < 0.01), indicating that groups were
larger in this part of the year.

The effort was not uniformly distributed along the study
area but concentrated within the core distribution sites of
both dolphin communities (Posorja and El Morro Channel)
(Table 2). Surveys extended beyond the core areas of both
dolphin communities along the Estero Salado, northwestern
Puna Island, and west Posorja, where a group density was
considerably lower (see Figure 1).

Distribution

Groups containing only Posorja community individuals were
recorded clumped around the city (Figure 1). The 95% home
range of the Posorja dolphin community covers 24.5 km?,
extending 8 km along the continent border and around 3 km
on the northeast coast of Puna Island, where small rocky islets
called Farallones are located (Figure 1). Some scattered groups
were also seen along 20 km of the Estero Salado as far north
up to Sabana Grande Channel mouth. A few groups were also
seen within the el Morro channel. Most groups observed within
El Morro were pairs of males that joined El Morro females with
calves. No adult female from Posorja was seen within El Morro
Channel. Posorja dolphins were generally found within 500 m oft
the city coastline where maritime activities concentrate.

The 95% home range of the El Morro dolphin community
extends 105 km? along 17 km of the western side of the Estero
Salado and several channels branching from it. Most groups were
recorded within the El Morro channel and to a lower extent
within Ceibo and Sabana Grande channels, using the Estero
Salado mostly as a transit corridor (Figure 1). The core area
of El Morro community consists of 100-200 m wide channels

fringed by mangrove trees. Some groups were also recorded south
near Posorja.

Although core areas were well defined, home ranges of
both communities overlap to some extent. There were 116
groups (25.7% of the total recorded) in which at least one
animal belonging to another community was present. Most
mixed groups contained one or two individuals of the other
community, generally adult or subadult males, were found along
the entire study area. The largest mixed groups were located
between Posorja and El Morro Channel where groups of both
communities join and socialize up to several hours before
splitting and return to their respective core areas.

Group Size

Average group size in Posorja community was significantly larger
than in El Morro, 5.35 dolphins/group (SD = 3.6, n = 172,
range 1-20) and 4.1 dolphins/group (SD = 2.82, n = 139,
range 1-12), respectively (¢t = —2.96, P = 0.003) Modal size
in both communities was 2 (Figure 3). Group size average
increased to 13.9 dolphins/group (SD = 6.1, n = 116, range 3-
36) in mixed groups. Overall group size was 7.2 dolphins/group
(SD =5.88, n =427).

Abundance and Apparent Survival

Posorja

Twenty-six residents and 46 non-resident animals, not belonging
to the El Morro community, were recorded during the study
period at Posorja. A clear negative population trend of both
resident and non-resident animals was found in this dolphin
community (Figure 4 and Table 3). The highest number of
resident animals (n = 23) was recorded in the year 2014. Ten of
the 21 resident animals recorded in the period 2005-2009 were
recorded until 2014 and only four of them until 2019. Abundance
estimates in the period 2011-2014 were more consistent ranging
between 20 and 23 resident animals, then started a steady
decrease until 2019 when only 14 resident animals were recorded.
The number of non-resident animals also decreased in this period
from six in 2011 to two in 2019. Annual abundance obtained
with the Chapman estimator resulted in higher values than
direct counts (Table 3). Results show a decreasing trend from
36 animals in 2012 to 23 in 2029, but also a stabilization in the
number of dolphins in the last 5 years. The most precise estimates
were obtained for years 2017 and 2018 with values between 5 and
9% higher than direct counts. The estimate in 2019, however, was
around 30% higher than direct counts.

Regarding survival, two adult dolphins were found dead
in the period 2011-2019 (P33F and P72M) which allows
calculating the maximum annual survival (0.98%, SD = 0.035)
and five other adult animals disappeared for more than 3 years
(P4F, P16M, P21M, P27M, and P61M). The average annual
survival rate of females in Posorja was 0.93 (SD = 0.13)
and in males (0.96, SD = 0.50). Annual average survival
in Posorja was 0.95 (SD = 0.06). Apparent survival with
the CJS modeling in Mark produced two models that fitted
the data with similar probability, constant survival for both
sexes and capture probability time dependant {Phi(.) p(t)} and
constant survival but sex dependant and capture probability
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time dependant {Phi(g) p(t)} (Supplementary Table 1). In the
first case, survival was 0.94. In the case of the second CJS
model, the apparent survival of females was 0.94 and for
males 0.97, which is less than 1% higher than obtained with
direct counts.

El Morro
Twenty-seven residents and 23 non-resident animals, not
belonging to the El Morro community, were recorded in

the period 2013-2019 (Figure 5). Contrarily to what occurs
in Posorja, the number of resident dolphins in El Morro
experienced a slight increase from 19 in 2014 to 21 animals
in 2019, mainly due to the production of offspring (Figure 7).
Non-resident animals showed a decrease over time from eight
in 2014 and 2016 to two in 2019. Annual abundance estimates
with the Petersen estimator tended to underestimate the number
of animals respect to direct counts (Table 3). The most precise
estimates were obtained in the years 2017 and 2018, were
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TABLE 3 | Annual population estimates with the Chapman estimator for closed populations and direct counts for each dolphin community.

Year Posorja El Morro
Chapman Direct counts Sampling Chapman Direct counts Sampling

N £+ 95% CI Resident Non-res. Occasions N £+ 95% CI Resident Non-res. Occasions
2011 20 6 5
2012 36 +54 21 6 5
2013 29+1.3 22 6 10 12- 11 2 3
2014 30+1.7 23 2 35 34 +£13.2 19 8 35
2015 23 - 22 5 18- 19 2
2016 14 - 21 1 48 3- 21 8 26
2017 23+0.8 19 2 59 22+1.0 21 2 56
2018 22 +£0.7 17 3 73 21+09 22 5 7
2019 23+238 14 2 53 20 - 21 2 51

Direct counts include the number of residents and not resident animals according to the site fidelity criterion. Periods in which could not be possible to estimate the

confidence interval (Cl) are indicated with "-".

estimates were between 5 and 28% lower than direct counts.
This model also shows stability in the last 3 years in this
community. Subestimation would be caused because calves
were not included in the analysis, but they were included in
direct counts.

Regarding survival, no resident animal was found dead
in El Morro but two animals disappeared for more than
3 years (P85M and P93F). The average annual survival rate
in females calculated with direct counts in El Morro was
0.96 (SD = 0.08) and 0.98 (SD = 0.36) in males. Annual
average survival in El Morro was 0.98 (SD = 0.53). Apparent
survival with the CJS modeling with Mark produced one model
that fitted our data, constant survival for both sexes and
capture probability time dependant {Phi(.) p(t)} (Supplementary
Table 2). The survival estimated for adults in El Morro was

0.96 (SE 0.012), which is 1.9% lower than that obtained
with direct counts.

Age and Class Structure

The Posorja community shows a marked bias towards males
in the adult population that decreased from 3:1 (15 males and
5 females) in 2011 to 2.3:1 (7 males and 3 females) in 2019
apparently because of the emigration of adult males (Figure 6).
Only two calves survived to become subadults in Posorja between
2011 and 2018. Subadults represented on the average 5.5% and
calves 4.8% of the total dolphins in Posorja, respectively. In the
El Morro community, there was also a bias towards males in the
adult population that has maintained constant over time in 2.25:1
in the period 2014-2019 (Figure 7). However, the number of
adult males reduced from 12 to nine and adult females from five
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to four in this period. Contrarily, subadults and calves increased
in El Morro three and five times and were observed regularly
throughout the study period. On average subadults and calves
represented 10.2 and 11.2% of the total animals, respectively.

Occurrence Index

Adult females showed the highest OI values in both communities
(Posorja: P48, P7, and P67, and El Morro: P78, P91, P76, and
P77) over time (Figures 8, 9). Although in general terms the
pattern of residence by sex was similar in both communities,
some differences were found in adult males. In the case of Posorja,

there were five adult males with high levels of residence in the last
3 years (P89, P12, P69, P25 and P51), while in Morro there were
only two males with similar high level of residence, particularly
in the last 3 years (ES117 and ES118).

Population Parameters

Crude Birth Rate

In Posorja there were ten births between 2011 and 2019. One
female has one calve, three had two calves and one had three.
The average annual crude birth rate was 0.055 (SD = 0.08). In El
Morro, there were 10 births between 2013 and 2019. Two females
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had one calf, two have three calves, and one had two. The average
annual crude birth rate in the El Morro was 23% higher (0.068,
SD = 0.05) (Table 4).

Calf Survival

In Posorja, two of nine offspring (22%) born between 2011
and 2018 survived more than 12 months. Interestingly, the two
offspring that survived in Posorja were from the same female
(P48). In El Morro, five of seven offspring born between 2013 and

2018 survived more than 12 months (71%) (Table 4). Three of the
six were weaned during the study period and three were still with
their mothers at the end of the study.

Calving Period

The calving period in Posorja was estimated based on two
weaned calves of female P48 because the rest of the calves
died a few months after birthing for unknown reasons. These
cases showed the most extreme values of the two communities
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52.2, the largest calving period, and 24 months the shortest
calving period (mean 38.1). The calving period in El Morro was
calculated based on three calves that were weaned on average at
32.6 months (Table 4).

Calf Production Interval

The average interval between offspring produced in Posorja was
52.6 months based in three cases and was twice longer than in the
Morro (25.9 months) based on five cases. The average value was
used in the optimistic model and the largest period reported in
each community in the pessimistic model (Table 4). By the end
of the study period, only one of three extant females in Posorja
remained fertile, while in El Morro the four adult females were
nursing calves, one of them (P91) raising simultaneously two
calves with 14 months of difference. In El Morro, both females
that lost calves gave birth to new calves in 2019. Female P77 lost
a calf in May 2018 and the new calf was born 15 months later
(August 2019). Female P76 lost her 11-month calf in September
2019 and by the end of December 2019 had another calf, which
means this female was pregnant when she lost her previous calf.
It is remarkable that two females P91 and P76 were nursing and
pregnant simultaneously.

Population Trend

The modeled population trends varied slightly between the
optimistic and the pessimistic scenarios for both dolphin
communities (Figure 10). In both scenarios, the two
communities tend to extinction, Posorja in the short-term
and El Morro in the mid-term, if current conditions are not
improved. Models predict that the Posorja community size
will be reduced by 50% in 10 years and become extinct in a
matter of four decades, although functionally will be lost in
one generation due to the sex imbalance. In the case of El
Morro, the community size will be reduced by 50% in 30 years

and become extinct in about 100 years or five generations. If
the two communities are modeled as a metapopulation of a
single community, they eventually will behave as the El Morro
community, which confirms the poor situation of the Posorja
community (Figure 10). Additional information with the
analysis output is provided as supplementary material (SM2).

DISCUSSION

The two bottlenose dolphin communities assessed in this study
show negative trends that may be irreversible if the causes of
such condition are not addressed in the short term, especially for
the Posorja community is experiencing a decreasing trend for at
least 15 years (Jiménez and Alava, 2014; Félix et al., 2017). As
a consequence, the most plausible scenario is the extirpation of
both communities, Posorja in the short-term and El Morro in the
mid-term. The El Morro dolphin community shows improved
population parameters and seems to have a better chance to
recover and survive if appropriately managed. Although most
population parameters included in the model were estimated in
this study, a few of them were derived from other populations
that not necessarily may reflect the real condition of bottlenose
dolphins from the Gulf of Guayaquil. Therefore, adjustments
must be done in future exercises once those parameters can be
calculated, in particular, the mortality of immature animals and
adult mortality and emigration. It is also important to take into
account that no catastrophes were included in the models since
no quantifiable data is available. But activities with high potential
of impact as the new port facility at Posorja need to be also
considered as a potential source of population deterioration.
Two key reproductive parameters illustrate well the differences
between the two dolphin communities studied: calf survival and
calf interval. In the case of the El Morro community, both
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TABLE 4 | Input data for the population viability analysis.

Parameter Population Source

Initial population size PO: 17 This study
EM: 21

Carrying capacity 115 (optimistic) Félix, 1997

Generation length
(years)

Number of individuals
dispersing from Posorja
to El Morro

Number of individuals
dispersing from El
Morro to Posorja

Age of first offspring
females

Maximum age of
female reproduction
Age of first offspring
males

Maximum age of male
reproduction
Maximum lifespan in
years

Sex ratio at birth
(males: females)
Percentage of adult
females breeding

Female fecundity
(percentage of broods
per year)

Crude annual birth rate
(%)

Mortality from age O to
1(%)

Calving period (months)

Calf production interval
(months)

Mortality after age 3
immatures (%)

56 (pessimistic)
21

1(0.73%)

1 (0.74%)

48

40

Females: 57
Males: 48

50: 50

24.51 (optimistic PO)
21.14 (pessimistic PO)
46.51 (optimistic EM)
35.38 (pessimistic EM)
33.33 (PO)
46.51 (EM)

5.5 (SD = 0.08)(PO)
6.8 (SD = 0.05) (EM)
77.8 (PO)
28.6 (EM)
38.1 (optimistic PO)
56.79 (pessimistic PO)
25.9 (optimistic EM)
34 (pessimistic EM)
52.6 (SD = 4.41)(PO)
25.9 (SD = 10.64)(EM)
0.39 (optimistic)
3.80 (pessimistic)

Taylor et al., 2007

This study

This study

Wells and Scott,
2009

Wells, 2003
Wells and Scott,
2009

Wells and Scott,
2009

Wells et al., 2014

This study

This study

This study

This study

This study

This study

Wells et al., 1987

Adult Females 5.7 (SE = 0.009) PO
mortality/emigration Males 2.5 (SE = 0.013) PO
Females 3.1 (SD = 0.08) EM
Males 1.4 (SD = 0.36) EM

This study (survidal
estimated with CSJ
modeling were
used for Posorja
and counts for El
Morro)

parameters are in ranges reported in other bottlenose dolphin
populations (e.g., Wells and Scott, 1990; Mann et al., 2000; Wells,
2000; Robinson et al., 2017; Baker et al., 2018), but in Posorja
both parameters are 2.27 and 2 times lower than in El Morro,
respectively. The high infant mortality in Posorja seems to be due
to anthropogenic disturbances including maritime traffic around
the port where dolphins concentrate nowadays their activities
(Feélix et al., 2018). Low calf survival in other bottlenose dolphin

populations has also been attributed to anthropogenic sources
including tourism boat traffic, fishing gear entanglement and
pollution (Wells et al., 2005; Tezanos-Pinto et al., 2015). The
second aspect, the calf interval, would be a consequence of aging,
with El Morro females being younger and more fertile, which is
consistent with reproductive senescence reported in bottlenose
dolphins (Wells, 2000; Robinson et al., 2017; Karniski et al.,
2018). Reproduction is probably the most important factor for
population viability in animals with slow population growth as
bottlenose dolphins (Manlik et al., 2016), and this is seriously
compromised in the Posorja community. The few reproductive
females at Posorja would make the site less attractive to adult
males, which would explain why males started a process of
emigration from this community since 2014. As a result of this,
there is a population contraction that, if not reversed, will lead to
the extinction of Posorja community in around two generations
(see Figure 10).

Another aspect that characterizes both studied dolphin
communities is the sex bias towards males. Stable populations
of bottlenose dolphins maintain a sexual parity in the adult
population or even with a slight bias towards females (Stanton
and Mann, 2012; Wells, 2014; Manlik et al., 2016), as occurs
in most mammals (Clutton-Brock et al., 1985). At the other
extreme, an estuarine and stable bottlenose dolphin population
in Southern Brazil has a bias towards females as high as 2:1 (Fruet
et al., 2015). So, what happened to the adult females in these
two communities in the inner estuary of the Gulf of Guayaquil?
It is not clear whether this is a consequence of a differentiated
impact of anthropogenic pressures or is part of a demographic
process of selective emigration. A higher mortality rate of males
in gillnets has been suggested by Fruet et al. (2015) to explain
the bias towards females in Brazil. Such a trend has also been
noticed in Ecuador with twice more males entangled than females
(F. Félix, unpublished data). Thus, fisheries would not seem to
be responsible for the male bias found in our case. On the other
hand, selective emigration is consistent with the abandonment
of two reproductive females in 2016, one from Posorja (ID N°
P4) and another from El Morro (ID N° P93). These two animals
represented a great loss for these small dolphin communities
because they comprised 20% of the reproductive females. The
emigration of individuals to other communities is an uncommon
event in bottlenose dolphins and would occur mainly with males
(Wells and Scott, 1990). Adult females in the inner estuary of
the Gulf of Guayaquil have higher residence level and smaller
home ranges than males (Félix et al., 2019a), which has also
been observed in other bottlenose populations elsewhere (Wells
et al., 1987; Moller and Beheregaray, 2004; Sprogis et al., 2015).
However, higher dispersal rate by females has been reported in
bottlenose dolphins in Scotland (Natoli et al., 2005) and in the
Indo-Pacific bottlenose dolphin from Western Australia (Manlik
etal., 2019), apparently driven by habitat quality, hence selective
emigration cannot be ruled out as a potential explanation to what
occurred with these two dolphin communities in our study area.

The way each dolphin community has responded to
natural and anthropogenic disturbances could explain current
demographic trends. Although both communities have similar
anthropogenic disturbances such as wurban development,
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fisheries, boat tourism, pollution and aquaculture because of
their closeness (Jiménez and Alava, 2014; Félix et al., 2017, 2018),
the intensity of some pressures over each dolphin community is
different. In the case of Posorja, the main pressure is the intense
maritime activity around the port, while in El Morro the main
stressor is fisheries. The information obtained opportunistically
in the first decade of the 21%' century allows somehow to
reconstruct the near past of the Posorja dolphin community.
A first population crash occurred between 2005 and 2010 as
only 24% of the population recorded at that time remained in
the period 2011-2019. The most plausible explanations for this
sudden decrease are a massive mortality event or population
fragmentation. Die-off events caused by toxic algae or pathogens
could explain not only the population collapse of Posorja but also
in the El Morro and in other bottlenose dolphin communities in
the inner estuary which show important decreases in abundance
in the last decades (Félix et al., 2017). Harmful algal blooms
(HABs) have caused massive mortalities of bottlenose dolphins
in Florida (e.g., Flewelling et al., 2005; Fire et al., 2015), as well as
outbreaks of morbillivirus around the world (Taubenberger et al.,
1996; Van Bressem et al., 2014). Red tides are not rare events in
the Gulf of Guayaquil and some of them were confirmed to have
been toxic (Borbor-Cordova et al., 2019), so it is not ruled out that
a mortality event could have happened at that time. Outbreaks
of mass cetacean mortality have not been reported in Ecuador
but in the north of Peru in 2012 (200 km south the Gulf of
Guayaquil) large-scale mortality involving more than 800 small
cetaceans of six different species including bottlenose dolphins
were reported (Instituto del Mar del Peru [IMARPE], 2012).
However, the precise cause remained unknown. A mass mortality
event could explain the sudden population reduction but does
not explain the sex imbalance in both dolphin communities.

In the case of population fragmentation, this could occur
after some extremely traumatic events able to break the strong
social bonds that characterize the bottlenose dolphin society
(Wells et al., 1987). Besides, the dolphins that emigrated must
have found a new appropriate and productive territory otherwise
they had returned to Posorja. The emigration of a complete
bottlenose dolphin community was reported in Central Chile,
from Chanaral Island to Choros Island, 27 km apart, due to long-
term harassment by unregulated boat-based dolphin-watching
tourism, leading to the death of at least one calf in the mid-1990s
(Sanino and Yanez, 2001). Dolphin watching is an additional
stressor in the study area and although regulated in holidays
it could be very intensive. In another case, 41 Indo-Pacific
bottlenose dolphins emigrated from Mikura Island as far as
390 km away for undetermined causes (Tsuji et al., 2017). There
is no evidence that something traumatic happened in Posorja
although temporarily emigrated dolphins were recorded in other
sites of the estuary. The development of a gillnet fishery targeting
the stone crab (Menippe frontalis) in Farallones, a core area for
Posorja bottlenose dolphin in the first decade of the century,
could have caused dolphin mortality triggering the community
to split up. By 2011, the remaining dolphins began to use more
frequently the area around Posorja port where they concentrate
activities nowadays. In support of the emigration hypothesis is
the fact that in April 2016 female P3, an individual that had
not been seen for 11 years was recorded once in the area,
demonstrating this dolphin was alive and successfully emigrated.
Wells and Scott (1990) also resighted an individual after 8 years
and suggested that some animals may shift their core areas
for extended periods. Population fractioning would explain the
reduction of dolphin numbers in Posorja but does not explain
the sex imbalance because females should emigrate with their
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offspring and adult males as well. Thus, both population size
and sexual bias in Posorja and El Morro communities seem to
be the result of stochastic demographic events aggravated by
very small population size and that are not fully understood,
but with implications for the metapopulation dynamics of the
Gulf of Guayaquil.

Management Options

The condition of the Posorja dolphin communities, and
to a lower extent the El Morro, is highly vulnerable not
only because of their small population size but also because
anthropogenic disturbances continue compromising their
resilience. Understanding what led these communities to
this critical level is key to seeking remediation measures
and to prevent it to happen also to other bottlenose dolphin
communities within the Gulf of Guayaquil. In this context,
the management of this population demands urgent actions to
reduce major threats already identified, as well as continuous
monitoring to ensure measures taken are working (Félix
et al, 2017, 2018), particularly regarding improving survival.
The baseline has been established, but actions and control
demand joined efforts by different local stakeholders including
environmental and tourism authorities, and private sectors such
as fishing, tourism, and transportation.

In the case of the Posorja, it seems difficult that the community
could recover its members lost during the past decades, even if
anthropogenic pressures could be stopped completely. Recently
this dolphin community has been a population source for
neighboring communities. To survive this community requires
to reverse this trend and increase the recruitment of young
animals from other communities. Thus, the most likely scenario
is extinction in the short term. However, there would be a remote
possibility of recovering an area used by this community but lost
in the period 2000-2010 when the stone crab fishery developed
at Farallones. At that time, this was the core zone for this
dolphin community, so recovering the area for dolphins could be
a potential solution. We propose the environmental authorities
to promote the shift from bottom gillnets towards the use of
traps in this area as traps are a highly effective method to catch
crabs (Slack-Smith, 2001). The use of alternative fishing gear to
gillnets, either longline or traps, has been effective in reducing
the incidental mortality of small cetaceans such as harbor
porpoise (Phocoena phocoena), Franciscana dolphin (Pontoporia
blainvillei) and gray seals (Halichoerus grypus), achieving similar
catch levels of target species (Ovegard et al., 2011; Food and
Agriculture Organization [FAO], 2018).

Unlike Posorja where the area to be intervened is restricted
to about 5 km? around Farallones, fishery management at El
Morro implies greater challenges. Not only the area is more
extensive, but also the number of fishermen is higher and
gear diverse, therefore surveillance and enforcement are more
difficult. The substitution of gear seems a less viable option.
From the information collected in these years, it is clear that
both gillnets and longlines caused dolphin entanglement in this
area (Félix et al,, 2018, 2019b). Entanglements have been more
frequent in El Morro than in Posorja, four vs. one case. The
consequences of these entanglements remained in survivors as

scars and appendage partial or whole mutilate, with a prevalence
recently estimated at 13.2% (Félix et al,, 2018). Management
measures based on exclusion areas would appear to be more
appropriate as well as to eradicate bottom gillnets in the whole
area. Detailed information on distribution and habitat use is
available to define the areas to be closed for fishing (e.g., Félix
et al., 2017, 2018; Paladines, 2019). Specific measures such as
banning the use of gillnets at the mouth of the main channels
along the Estero Salado and leaving a corridor of at least of 300 m
wide along the zones used for transiting between concentration
areas at El Morro, Ceibo and Sabana Grande channels have been
proposed (Félix and Burneo, 2019).

The existence of a marine protected area (REVISEMEM)
in this part of the Gulf of Guayaquil gives the possibility
to environment authorities to improve fishing management,
as this is a specific provision stated in the new Ecuadorian
Organic Environment Law issued in 2017 and regulated in 2019.
We acknowledge the difficulties and challenges at taking such
drastic measures, likewise, their implementation is complex and
requires the commitment and agreements between fishermen and
authorities. Surveillance will also demand additional costs that
must be assumed by local authorities. But if measures are not
taken in the short term, local extirpation of bottlenose dolphin
communities from the Gulf of Guayaquil is not a distant scenario.
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