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a b s t r a c t
The Amazon River dolphin (Inia geoffrensis), or boto, is illegally harvested for use as bait in ﬁsheries for the
catﬁsh Calophysus macropterus. To determine the effect of this harvest, we estimated apparent survival for
a boto population in the central Brazilian Amazon where direct harvest is known to have occurred since
2000. For our analysis, we used capture and recapture/resighting data of 528 marked botos over a 17-year
period (1994–2011). Time-dependent models estimated that apparent survival after the ﬁrst reports of
harvest (/ = 0.899; SE = 0.007) was signiﬁcantly lower than in years prior to harvest (/ = 0.968;
SE = 0.009). The decline in apparent survival suggests that current harvest rates exceed conservation limits and may be unsustainable. This issue requires the attention of natural resource managers from all
countries of the Amazon basin, as the harvest is widespread and decline in survival could be mirrored
in numerous locales.
Ó 2012 Elsevier Ltd. All rights reserved.

1. Introduction
Interactions with ﬁsheries, mostly through incidental capture in
ﬁshing gear but also through targeted harvesting are recognized as
a key threat to aquatic mammal populations (Clapham and Van
Waerebeek, 2007; Costello and Baker, 2011; Jefferson and Curry,
1994; Mangel et al. 2010; Northridge and Hofman, 1999; Perrin
et al., 1994; Read, 2008; Read et al., 2006; Robards and Reeves,
2011; Vidal, 1993). Perhaps the least well quantiﬁed aspect of
aquatic mammal–ﬁsheries interactions is the harvesting of mammals for use as bait, a practice affecting at least 38 species of aquatic mammals worldwide (Diniz, 2011). Direct harvest of aquatic
mammals for this purpose is considered an illegal activity in many
nations where it takes place; hence, the prevalence of this illicit
practice and subsequent impact has proved challenging to quantify. Most studies on the issue only provide information on where
the illicit harvest occurred without related data on intensity, dura-

⇑ Corresponding author at: School of Natural Resources and Environment,
University of Florida, 103 Black Hall, Box 116455, Gainesville, FL 32611, USA. Tel.:
+1 352 359 5633; fax: +1 352 392 9748.
E-mail addresses: vjs@uﬂ.edu (V.J. Mintzer), boto@live.co.uk (A.R. Martin),
tucuxi@inpa.gov.br (V.M.F. da Silva), snook@uﬂ.edu (A.B. Barbour), klorenzen@uﬂ.
edu (K. Lorenzen), frazer@uﬂ.edu (T.K. Frazer).
0006-3207/$ - see front matter Ó 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.biocon.2012.10.006

tion, or effects of the harvest (Diniz, 2011). However, in a limited
number of cases where such ancillary data has been provided, ﬁndings suggest illegal harvests for bait may have considerable impacts on targeted populations (e.g. da Silva et al., 2011; Manzur
and Canto, 1997; Sinha, 2002).
The Amazon River dolphin (Inia geoffrensis de Blainville, 1817), or
boto, has been harvested for use as bait in the ﬁsheries for the catﬁsh
known as piracatinga, mota, simi, zamurito or mapurite (Calophysus
macropterus Lichtenstein, 1819) (da Silva et al., 2011; Gómez et al.,
2008; Gómez-Salazár et al., 2012; Loch et al., 2009; Portocarrero
Aya et al., 2010a; Shostell and Ruiz-Garcia, 2010; Trujillo et al.,
2010b, 2010c). During the last decade, demand for C. macropterus
has grown in Colombia as other species of catﬁsh once popularly
consumed in the country have been overﬁshed (Gómez et al.,
2008; Petrere et al., 2004; Trujillo et al., 2010b). In fact, demand is
such that an international market has emerged with Brazil, Venezuela, Peru, and Bolivia, all contributing to the export of this food ﬁsh
to Colombia, where it is often sold under the name capaz, one of the
depleted catﬁsh species from the Magdalena River (Diniz, 2011;
Gómez et al., 2008; Trujillo et al., 2010b, 2007). More recently, consumption of C. macropterus has also gained popularity in a few Brazilian cities where it is marketed as douradinha, a ‘‘new’’ species of
food ﬁsh (da Silva et al., 2011; Trujillo et al., 2010b). Thus, although
the boto is considered the least endangered of the river dolphins
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(Inioidea and Platanistidae; Leatherwood and Reeves, 1994; Smith
and Smith, 1998), the demand for C. macropterus and related harvest
of boto for bait raises substantial concern.
At present, harvest of botos for bait is known to occur in at least
twelve locations in four of the ﬁve Amazonian countries with C.
macropterus ﬁsheries (Diniz, 2011), including in and around the
Mamirauá Sustainable Development Reserve (MSDR) upriver of
the Brazilian town of Tefé. Although the harvest in this region
may have started as early as the mid-1990s, the ﬁrst cases in MSDR
were documented in 2000 (da Silveira and Viana, 2003; Estupiñán
et al., 2003). Using C. macropterus landings data from Tefé, da Silva
et al. (2011) estimated that roughly 1650 botos are killed in the
area per ﬁshery season. Moreover, the same authors reported a
10% average annual decline in boto abundance in one of the
MSDR’s main channels beginning in 2001, a trend coincident with
the ﬁrst documented occurrence of the illegal harvest. These ﬁndings highlight the need to further explore the impact of harvesting
for bait on the boto population.
Herein, we provide estimates of apparent survival for the boto
population occurring in and around the Mamirauá Lake System
(MLS) at the southern edge of the MSDR. Using mark-recapture/
resighting models, we explore changes in survival between periods
of varying harvest pressure. We expected that survival estimates
prior to the documented start of the harvest, i.e. 1994–2000, would
be greater than estimates for the more recent period for which data
were available, i.e. 2000–2011. Additionally, we compared survival
between the sexes, with the expectation that survival of males
would be signiﬁcantly lower than that of females, based on differences in morphology and behavior. Males are larger (55% heavier
and 16% longer than females), exhibit high levels of intermale
aggression (Martin and da Silva, 2006), and show preference for
river habitat outside the protected area boundary (Martin and da
Silva, 2004b).
2. Methods
2.1. Study area
All data were collected in and around the MLS located at the
conﬂuence of the Solimões and Japurá rivers, 20 km upriver of
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Tefé in Amazonas State, Brazil (Fig. 1). The study area straddles
the southern edge of the MSDR. Typical of whitewater ﬂoodplain
or várzea habitat, the MLS has numerous channels and lakes and
a diverse ﬁsh fauna that varies seasonally in response to water
ﬂuctuations. During May and June, water levels rise 11–15 m and
the MLS is completely ﬂooded. Lowest water levels typically occur
between September and November. These water ﬂuctuations
determine what habitats are available for the boto population.
While botos may be restricted to the deepest channels and lakes
during the low water months, they may swim freely and enter submerged forest at high water. Previous estimates suggest approximately 260 botos occur in or near the 225 km2 MLS year-round
(Martin and da Silva, 2004a, 2004b). Half of these individuals exhibit strong site ﬁdelity to the study area, while others are considered transient and visit for shorter periods (Martin and da Silva,
2004a).
2.2. Capture and recapture/resight
Our capture–recapture and resight data spans 17 years
(January1994–November 2011). These data were collected through
Projeto Boto, a river dolphin research program in the MSDR.
Capture–recapture and marking of botos occurred approximately
3 weeks each year. With few exceptions, we captured botos with
seine nets during low water at the entrance of the MLS. When captured, we freeze-branded botos with a unique code in areas allowing for maximum contrast and visibility (usually the dorsal ﬁn and
ﬂank). When previously marked botos were captured, we recorded
their code and rebranded the individual if necessary. Further
description of capture procedures is available in da Silva and Martin (2000) and Martin et al. (2006). These data were collected with
the approval of the Instituto Chico Mendes de Conservação da Biodiversidade (Sistema de Autorização e Informação em Biodiversidade #13462-1).
In addition to the capture–recapture events, we conducted
year-round observational work to provide resightings between
capture events. We conducted sighting surveys throughout the
MLS and surrounding areas, including segments of the main rivers.
Due to varying water levels, we did not evenly distribute effort
across the entire study area. Most areas, however, were surveyed

Fig. 1. Map of study site, the Mamirauá Lake System and surrounding areas, located at the junction of the Japurá and Solimões rivers in the southern segment of the
Mamirauá Sustainable Development Reserve in Amazonas State, Brazil (GIS layers: IUCN and UNEP 2010; DCW and GADM downloaded from www.diva-gis.org).
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Fig. 2. Hours of observation work conducted in and around the Mamirauá Lake
System to provide resight data of Inia geoffrensis between primary capture events.
Effort from 1999 to 2009 is displayed showing an increasing trend over time. These
sighting surveys were typically conducted by 2–3 observers from a 4 m aluminum
skiff, powered by a 15HP outboard motor.

at least once per week by 2–3 observers from a 4 m skiff. We included additional sightings from other platforms, such as the Projeto Boto ﬂoating laboratory. When a marked boto was sighted, we
recorded its unique code and our percent conﬁdence in the identiﬁcation (ranging from 50% to 100%, but normally 100%). Since
1999, an average of almost 1500 h of observational work has been
conducted each year with an increasing trend over time (Fig. 2).
2.3. Survival model selection and data analysis
We estimated apparent survival of the marked population with
the Barker model (Barker, 1997, 1999) in Program MARK (White
and Burnham, 1999). This model allows for physical capture–recapture during discrete primary periods, and continuous resighting
data during secondary periods (the intervals between primary
periods). We created capture histories for marked individuals captured between 1994 and 2011, using resightings made with 100%
conﬁdence. We coded for uneven time intervals by scaling
365 days to equal an interval of length 1.
Program MARK estimates seven parameters for the Barker model (Table 1) (White and Burnham, 1999). As resightings did not occur over the entire geographic range of the study population; we
estimated apparent survival (/), which includes the effects of emigration (/ = true survival x (1 - probability of emigration)). We
transformed real parameter values [0, 1] to b-values [1, 1] with
the sin-link or logit-link function for numerical optimization. We
used simulated annealing for optimization due to a prior simulation that identiﬁed problematic likelihood surfaces leading to convergence failures when using the Newton-Raphson method with
the Barker model.

The Barker model is heavily parameterized; hence, we made a
priori assumptions on how to treat p, r, and R (Table 1). We ﬁxed
r as a time-independent (.) parameter because we had few dead
recoveries (only 12 marked carcasses were found during the study
period) and therefore lacked sufﬁcient data to inform time-dependent estimates. We deﬁned R and R0 as time-dependent parameters
to allow for changes in observation effort through time (Fig. 2).
Both of these parameters were allowed to vary between 3-year
intervals (3y) to reduce the parameter count. Capture probability
(p) was treated as a time-dependent parameter (t) because we expected p to vary according to the environmental conditions of each
capture expedition. We created a series of models that allowed /, F,
and F0 (Table 1) to vary with time dependence (t) or independence
(.). We also built models that allowed / and F to vary according to
sex (G). Additionally, because the illegal harvest of botos in the
MSDR started approximately in 2000, we created models where
/ was allowed to vary between two periods: 1994–2000 (i.e. preharvest) and 2000–2011 (i.e. harvest). The data were partitioned
on November 20, 2000, the last day of the 2000 capture expedition.
We conducted a median ^c goodness-of-ﬁt test on the global
model /(G  t)p(G  t)r(G  t)R(G  t)R0 (G  t)F(G  t)F0 (G  t) to assess overdispersion (White and Burnham, 1999). We then applied
the estimated c (variance inﬂation factor) to the model set. Values
that do not fall within 1 6 c 6 4 indicate a structural lack of ﬁt
(Burnham and Anderson, 2002). We used Akaike’s Information Criterion (AIC) values to rank models (Akaike, 1973). Lower AIC values
indicate models that better explain the variation in the data with
maximum parsimony (Taper et al., 2008). Because we applied the
estimated c to our model set, we used the small-sample, ^c-corrected version of AIC, QAICc, for model ranking. Models with QAICc
values that differed by less than 2 were considered equal
(Burnham and Anderson, 2002, 2004). We tested for a signiﬁcant
difference between apparent survival estimates corresponding to
different time periods and sex by examining the 95% conﬁdence
intervals (CIs) of the / b-values representing the time or sex effect
(if the 95% CIs of the b-values did not include 0.0, a signiﬁcant effect was determined at the a = 0.05 level).
3. Results
We uniquely branded 528 botos (256 females and 272 males).
Excluding botos ﬁrst marked in 2011, we resighted 87.71% of females and 88.93% of males at least once. We recaptured an average
of 25.56 (±17.90 SD) branded individuals each year (Fig. 3).
The median ^c goodness-of-ﬁt test resulted in ^c ¼ 1:162, well
within the acceptable range, and we adjusted all model results
with this value. QAICc strongly supported a model with fully
time-dependent survival estimates (Table 2; Model 1). This model
estimated a signiﬁcant difference in F by sex, with estimates of /
= 0.808 (SE = 0.051) for females and / = 0.706 (SE = 0.064) for
males (Table 2; Model 1). Capture probability (p) varied considerably between years, with an average of p = 0.253. This model suggested declining apparent survival through time, with an average

Table 1
Barker joint data model parameter deﬁnitions.
Parameter

Deﬁnition

/i
pi
ri
Ri
R0i
Fi
F 0i

The probability that an animal remains alive and available for recapture from i to i + 1
The probability an animal at risk of capture at i is captured at i
The probability an animal that dies in i, i + 1 is found dead
The probability an animal that survives from i to i + 1 is resighted alive some time between i and i + 1
The probability an animal that dies in i, i + 1 without being found dead is resighted alive in i, i + 1 before it died
The probability an animal at risk of capture at i is at risk of capture at i + 1
The probability an animal not at risk of capture at i is at risk of capture at i + 1 (this deﬁnition, as applied in Program MARK White and Burnham (1999),
differs from the one provided in Barker (1997) in order to enforce internal constraints)
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Fig. 3. Capture, recapture, and resight counts from 1994 to 2011 of Inia geoffrensis
occurring in and around the Mamirauá Lake System. Capture counts (solid lines)
displayed by sex represent the cumulative number of individuals marked. Approximately 3 weeks each year were dedicated to the capture–recapture and marking of
botos. Observational work was conducted between primary capture events to
obtain resighting data.

Table 2
QAICc table from Barker survival model results.
Model
1.
2.
3.
4.
5.
6.
7.
8.

/(t)F(G)F0 (t)
/(t)F(.)F0 (t)
/(t)F(t)F0 (t)
/(t)F(t)F0 (.)
/(94-00)(00-11)F(G)F0 (t)
/(G(94-00)(00-11)F(G)F0 (t)
/(.)F(G)F0 (t)
/(G)F(G)F0 (t)

QAICc

QAICc

QAICc weight

k

6097.76
6099.87
6105.55
6105.57
6106.82
6109.41
6128.11
6128.53

0.00
2.11
7.79
7.80
9.06
11.65
30.36
30.78

0.71
0.25
0.01
0.01
0.01
0.00
0.00
0.00

69
68
84
69
52
54
51
52

The parameter of primary interest was apparent survival (/). Time-dependence (t)
and sex effect (G) were represented with the associated symbols. Parameters p, r, R,
and R0 were ﬁxed through a priori assumptions (see Section 2.3). Number of estimated parameters (k) is listed for each model.

annual apparent survival of 0.912 over the study’s duration (Fig. 4).
When estimating apparent survival separately for the pre-harvest

Apparent Survival (year

1

)

1.0
0.9

Fig. 5. Apparent survival estimates for the pre-harvest (January 1994–November
2000) and harvest period (November 2000–2011) for Inia geoffrensis occurring in
and around the Mamirauá Lake System. These estimates were the results of the
model: /(94-00)(00-11)p(t)r(.)R(3y)R0 (3y)(F(G)F0 (t). The difference in apparent
survival probability between periods was found to be signiﬁcant at the a = 0.05
level.

and harvest periods, we found a signiﬁcant difference (pre-harvest:
/ = 0.968, SE = 0.009; harvest period: / = 0.899, SE = 0.007) (Table 2; Model 5; Fig. 5).
The model including sex as a group attribute of survival (Table 2; Model 8) estimated a non-signiﬁcant difference in annual
apparent survival between females (/ = 0.919, SE = .008) and males
(/ = 0.904, SE = 0.009). Moreover, no signiﬁcant difference was
found between apparent survival of females and males for the
pre-harvest (females: / = 0.973, SE = 0.011; males: / = 0.963,
SE = 0.014) or harvest period (females: / = 0.906, SE = 0.009;
males: / = 0.891, SE = 0.010) (Table 2; Model 6).
4. Discussion
4.1. Model performance
The Barker model ﬁt the data well ð^c ¼ 1:162Þ and accounted for
variable sighting effort with time-dependent estimates of the resighting parameter, R. Although botos are known to occasionally
emigrate from the study area for several years, it is unlikely this
temporary emigration induced a major negative bias in apparent
survival estimates as the Barker model is robust to emigration
due to its parameterizations (Barker, 1997; Horton and Letcher,
2008). Additionally, the ^c value near 1 suggested a lack of major
model assumption violations.

0.8

4.2. Survival estimates
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Year
Fig. 4. Apparent survival estimates for 1994–2011 for Inia geoffrensis occurring in
and around the Mamirauá Lake System. Apparent survival estimates displayed were
the results of the Barker model where / was treated as a fully time-dependent
parameter: /(t)p(t)r(.)R(3y)R0 (3y)(F(G)F0 (t).

Our results indicate that annual apparent survival signiﬁcantly
decreased by 0.069 after the documented start of the harvest.
The apparent survival estimate of 0.968 for the pre-harvest period
is consistent with boto life history, which is characterized by traits
associated with high annual survival such as slow maturation and
birth intervals of approximately 3 years (see da Silva, 2008). This
apparent survival estimate is comparable to survival estimates of
non-harvested populations of Tursiops truncatus (Speakman et al.,
2010), Tursiops aduncus (Mansur et al., 2012), and Orcinus orca
(Matkin et al., 2012) which range from 0.951 to 0.990. However,
annual apparent survival estimates for the full study duration (/
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= 0.912) and for the harvest period (/ = 0.899; SE = 0.007) are lower than most published survival estimates of other odontocetes,
suggesting a negative effect of harvest on the population.
We did not expect equal apparent survival between the sexes.
The species is sexually dimorphic, and males exhibit corresponding
high levels of intermale aggression that may lead to life threatening injuries (Martin and da Silva, 2006). Furthermore, when a wide
range of habitats is available during high water, females show preference for várzea habitats within the MLS, while males are found
more frequently in the main rivers outside of the protected area
boundary (Martin and da Silva, 2004b). Thus, in theory, males are
at a higher risk of being harvested because they spend more time
outside protected waters. For these two reasons, we expected lower apparent survival in males. It is possible the harvest is exerting
selective pressure on females (if, for example, females are easier to
catch), and increasing mortality of females to the extent that survival of females and males have equalized. However, our results
did not show a signiﬁcant difference between male and female
apparent survival during the pre-harvest period, suggesting that
similar survival probability between the sexes is a natural
characteristic.
4.3. Signiﬁcance of the harvest and conservation implications
Assuming declines in apparent survival were due to lethal as
opposed to sub-lethal effects (e.g. changes in behavior), the results
indicate that mortality of the study population more than doubled
between the two time periods. Dividing the harvest period apparent survival estimate by the pre-harvest period estimate, we calculate a reduction in survival corresponding to an annual harvest rate
(h) of 0.071. The Potential Biological Removal (PBR) method, commonly applied to cetaceans, calculates the level of mortality that
will inhibit a stock from reaching or maintaining its optimum sustainable population (Wade, 1998). According to the PBR approach,
the maximum allowable harvest rate (hmax) is equal to 1/2Rmax (see
Dillingham and Fletcher, 2008), where Rmax is deﬁned as the maximum annual recruitment rate (Wade, 1998). If we apply an Rmax of
0.04, the default value used for cetaceans (Wade, 1998), the hmax
would equal 0.02, a value about three times smaller than our estimated h. If we apply a higher Rmax value of 0.06 (theoretically possible in odontocetes with high survival, Reilly and Barlow, 1986;
Wade, 1998), the estimated h is still more than double the hmax
of 0.03 calculated by the PBR rule. This comparison suggests the
current harvest rates exceed conservation limits commonly applied to cetaceans and could lead to depletion of the population
(Dillingham and Fletcher, 2008).
It is possible that factors other than illegal harvest could explain, in part, declines in boto survival. Throughout its geographic
range, dam construction, pollution, entanglement in ﬁshing gear,
habitat degradation, boat trafﬁc, and depleted prey resources have
been identiﬁed as important anthropogenic threats to the species
(Best and da Silva, 1993; 1989; da Silva and Best, 1996; GómezSalazár et al., 2012; Leatherwood and Reeves, 1994; Martin et al.,
2004; McGuire and Aliaga-Rossel, 2010; Portocarrero Aya et al.,
2010a; Reeves and Leatherwood, 1994; Rosas and Lehti, 1996;
Smith and Smith, 1998; Trujillo et al., 2010b, 2010c; Utreras
et al., 2010; Vidal, 1993). However, due to the location of the study,
we suggest that aside from illegal harvest, only entanglement in
ﬁshing gear is likely to substantially affect mortality of the study
population.
Although incidental mortality in ﬁshing gear has not been studied in most areas in the Amazon, it is known that seine nets and
gillnets pose a signiﬁcant threat to botos (e.g. da Silva and Best,
1996; Leatherwood and Reeves, 1994). In the central Amazon,
the lampara seine is the most lethal type of net for botos and accounts for over 80% of deaths caused by entanglement (da Silva

and Best, 1996). Many of the boto carcasses recovered by Projeto
Boto during the study period showed evidence of entanglement
(da Silva and Martin, 2010; Martin et al., 2004). Furthermore,
observations suggest ﬁshers kill botos intentionally because they
regard them as competitors, and because botos cause damage to
ﬁshing nets (da Silva and Best, 1996; da Silva and Martin, 2010;
Loch et al., 2009). The number of artisanal and commercial ﬂeets
in the study region has remained relatively stable in the last two
decades after experiencing a period of fast growth in the 1970s
and 1980s (Almeida et al., 2003; Barthem, 1995; Best and da Silva,
1989). Thus, although ﬁshery interactions other than boto harvest
for bait are likely causes of additive mortality for our study population (Martin et al., 2004), there is no indication that such interactions have increased considerably since the onset of this study, and
are therefore not likely to explain the decrease in apparent survival. However, this threat should be carefully considered in conservation and management plans, as it was the primary cause of
the functional extinction of the Yangtze River dolphin (Turvey
et al., 2007) and changes in the size, gear, or techniques of Amazonian ﬁshing ﬂeets could lead to considerable increases in boto
mortality.
The signiﬁcant decline in apparent survival estimated in this
study suggests a need for conservation measures aimed at decreasing the boto harvest. Currently, two main tools are in place that
should aid in the protection of the study population. First, the boto
is protected by Brazilian federal laws, predominantly Law 7.643
(1987) that makes it illegal to kill or harass cetaceans in jurisdictional waters. However, enforcement of natural resource protection laws in the Amazon is challenging, and efforts are often
compromised as a consequence of budget constraints, understaffing, and other institutional deﬁciencies (McGuire and AliagaRossel, 2010; Peres and Terborgh, 1995; Trujillo et al., 2010c;
Utreras et al., 2010). This appears to be the case in our study region,
where only four federal ofﬁcials have been available to enforce
conservation related regulations in an area that exceeds
251,000 km2 (Peres and Lake, 2003). Furthermore, lack of awareness by ﬁshers of existing legislation has been noted as an impediment to the conservation of botos (e.g. McGuire and Aliaga-Rossel,
2010; da Silva and Martin, 2010).
The second major conservation mechanism is the partial spatial
protection provided by the MSDR. Although MSDR was not created
with the speciﬁc purpose of protecting river dolphins, the reserve
includes important river dolphin habitat. To our knowledge, the
harvest does not occur in the section of our study area that falls
within the MSDR (see Fig. 1). Our results indicate that both females
(F = 0.808; SE = 0.051) and males (F = 0.706; SE = 0.064) exhibit
high ﬁdelity to our study area; therefore, the protected area should
function by protecting the population at least part of the time (primarily during rising water when botos enter the várzea, Martin and
da Silva, 2004b). If the MSDR did not exist, it is likely the mortality
of our study population would have been higher in the harvest period. Nevertheless, our results imply that the spatial protection in
our study area, with its current design and state, may not be sufﬁcient in and of itself to protect this population.
Marine protected areas have been shown recently to be effective
in increasing survival rates of small cetaceans by reducing ﬁshery–
dolphin interactions (Gormley et al., 2012). These ﬁndings suggest
that properly designed protected areas in the Amazon basin might
translate into similar beneﬁts for river dolphins. As proposed by the
South American River Dolphin Protected Area Network (SARDPAN),
protected areas created or improved explicitly for river dolphin
conservation could have the potential to reduce the impact of ﬁshery–river dolphin interactions, as well as help conserve vulnerable
freshwater habitats largely underrepresented in South American
protected areas (Portocarrero Aya et al., 2010b). Although much remains to be understood about river dolphin ecology, several studies
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have provided valuable information on boto habitat preference and
movement that could prove useful in designing new protected
areas or improving existing ones (e.g. Gómez-Salazár et al., 2012;
Leatherwood et al., 2000; Martin and da Silva, 2004a, 2004b; Martin
et al., 2004; McGuire and Henningsen, 2007; McGuire and
Winemiller, 1998). In our study site, for example, extending spatial
protection to adjacent areas where botos aggregate (e.g. mouths of
channels that connect to the main rivers), could beneﬁt the study
population. The effectiveness of new or enhanced conservation
measures can be monitored and evaluated using the baseline survival estimates provided in this study.
Although improvements made to enforcement and spatial protection could prove to be beneﬁcial, numerous challenges will have
to be overcome to decrease boto harvest. With administrative
boundaries being crossed, the remoteness of the harvest sites,
and high economic incentives, both local and international action
and cooperation will be required. Broad scale initiatives like the
SARDPAN could facilitate the necessary international collaboration
and the implementation of new and improved conservation mechanisms. Moreover, it is imperative that all drivers of the harvest be
considered when formulating solutions, including the troubling
status of the preferred food catﬁsh species in Colombia, as well
as the socio-economic conditions of ﬁshers at the harvest sites.
With this in mind, solutions of varying scope and scale should be
simultaneously explored. For example, while a widespread
public education campaign to halt the trade and consumption of
C. macropterus may be the focus of conservation efforts in Colombia
(Trujillo et al., 2010c), more localized initiatives that educate
ﬁshers on existing legislation and alternative activities may prove
successful at harvest sites (da Silva and Martin, 2010; Trujillo et al.
2010a).
Interviews with local ﬁshers have revealed the potential economic importance of the C. macropterus ﬁshery for families in the
central Brazilian Amazon (da Silva et al., 2011). A skilled ﬁsher
can expect to catch anywhere from USD 500 to 1000 worth of C.
macropterus with just one boto carcass in one night (da Silva
et al., 2011), a substantial proﬁt considering the low average annual income of people in the region. The use of alternative baits
(Gómez et al., 2008; Trujillo et al., 2010a, 2010b, 2010c) may be
an economically viable solution and encourage a shift away from
the practice of harvesting botos. In the Ganges River system, for
example, ﬁsh oil is an efﬁcient and inexpensive ﬁsh attractant substitute for river dolphin (Platanista gangetica) oil (Sinha 2002). Furthermore, the role of river dolphins in ecotourism is being
increasingly recognized throughout the Amazon (Portocarrero
Aya et al., 2010b; Trujillo et al., 2010c), and in some locales, carefully regulated tourism activities could form an important link between boto conservation and economic development (Trujillo
et al., 2010a, 2010c). Regardless of the corrective actions pursued
to decrease the harvest, providing viable economic alternatives
for ﬁshers is essential to ensure a smooth and more permanent
transition away from the practice of harvesting botos.

4.4. Conclusion
The signiﬁcant decrease in apparent survival of the study population is a serious concern and warrants the attention of natural
resource managers. The issue likely extends beyond the study area
as harvest of botos is known to occur throughout the Amazon basin, and the decline in boto survival could be mirrored in other locales. In areas without designated protection status, harvest levels
are likely to be higher and survival lower than estimated in this
study. A timely and transdisciplinary approach is needed to address all components of the intricate socio-ecological system that
surround this illegal harvest.
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