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Evaluating mortality of rare marine megafauna is crucial for conservation planning, but logistically
difficult to undertake at sea. From 2006 to 2008 we assessed mortality of endangered green turtles
(Chelonia mydas) through surveys of beaches and town dumps for stranded and discarded carcasses at
nine index sites along the coast of Baja California Sur, Mexico (BCS). We found a total of 778 carcasses,
93% of which were immature. Mortality rates ranged from 0.05 to 9.20 carcasses km�1 year�1 at beaches
and 2.84 to 66.75 carcasses year�1 at dumps. All carcasses found at dumps (N = 339) were attributed
to human consumption, whereas cause of death at beaches was largely unknown (62%), followed by
bycatch (30%), and consumption (8%). Over two thirds of total mortality resulted from consumption
(48%) and bycatch (20%), and turtles that died from these causes were significantly larger than those that
died from unknown reasons. The majority of carcasses at beaches (69%) and dumps (57%) were found
during summer months when small-scale gillnet fisheries operate, including 99% of identified bycatch
mortality. Three hotspots accounted for 77% of all mortality, which was disproportionately high (40%
of total mortality) at one site where mass-bycatch/stranding events occurred annually. Our results
demonstrate that many green turtles are being killed from bycatch and directed harvest at BCS despite
over two decades of federal protection; thus, highlighting the need to mitigate these threats at mortality
hotspots.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Marine megafauna such as seabirds, marine mammals, large
fish, and sea turtles are subject to multiple anthropogenic threats
across different spatial and temporal scales (Boyd et al., 2008;
Wallace et al., 2011). Many species are endangered and recovery
is difficult because they exhibit delayed life history characteristics
(e.g. slow growth, late maturity, and long-lived). Anthropogenic
sources of mortality including overexploitation, bycatch, pollution,
vessel collisions, and habitat degradation have been known or be-
lieved to cause declines in many populations worldwide (Lewison
et al., 2004; Koch et al., 2006; Mrosovsky et al., 2009; Wallace et al.,
2011; Denkinger et al., 2013). These declines can have widespread
ecological consequences, including extensive cascading effects on
lower trophic levels (Estes et al., 2011).

Like other marine megafauna, green turtles (Chelonia mydas)
play an important ecological role by linking nutrient-rich marine
feeding grounds to nutrient-poor nesting beaches during reproduc-
tion (Vander Zanden et al., 2012) and as primary consumers of sea-
grass and algae in coastal waters (Bjorndal and Jackson, 2002;
Moran and Bjorndal, 2005, 2007). Despite decades of widespread
international protection, green turtles are still listed as endangered
(IUCN, 2013) and populations have been substantially depleted
from centuries of overexploitation for meat and eggs, thus limiting
their ecological role in many ecosystems (Bjorndal and Jackson,
2002; Allen, 2007). Although some populations have recently been
increasing (Balazs and Chaloupka, 2004; Chaloupka et al., 2008a),
they remain far below their historical abundances and spatial dis-
tribution (Kittinger et al., 2013).

Once considered among the most abundant megafauna species
throughout the Mexican Pacific, green turtles have declined
dramatically from decades of intense overexploitation for meat
and eggs (Delgado-Trejo and Alvarado-Diaz, 2012). From the
1950s to 1970s commercial fisheries in Mexico accounted for
50% of global sea turtle harvest, consisting mainly of green and
olive ridley turtles (Lepidochelys olivacea) (Marquez, 1990). Cou-
pled with harvest of nesting females and intense egg collection
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(�70,000 eggs per night at Colola, Michoacan), green turtle popu-
lations began to plummet during the 1970s (Clifton et al., 1982;
Alvarado-Diaz et al., 2001). Following international pressures, in
1990 Mexico closed commercial fisheries and instituted a morato-
rium on the take of turtles and eggs (Aridjis, 1990). Although nest-
ing females at Colola have since been increasing, they remain at
least an order of magnitude below population levels during the
mid-1960s (Delgado-Trejo and Alvarado-Diaz, 2012).

Along the coast of Baja California Sur, Mexico (BCS), juvenile
green turtles aggregate at coastal foraging areas with abundant
seagrass and algae where they spend up to 20 years before reach-
ing maturity and migrating to nesting grounds (Seminoff et al.,
2003; Koch et al., 2007). While inhabiting these areas, green turtles
exhibit high site fidelity to limited home ranges (Seminoff et al.,
2002; Seminoff and Jones, 2006; Senko et al., 2010a,b; López-Cas-
tro et al., 2010). Although this life history strategy usually implies
good protection from predators and low natural mortality
(Koch et al., 2007), it concentrates a sensitive lifestage in coastal
environments that are often heavily developed and exploited.
Thus, assessing green turtle mortality at BCS foraging areas is nec-
essary for informing conservation planning efforts.

Given the logistical challenges associated with evaluating sea
turtle mortality in marine environments, stranded or disposed car-
casses offer the most easily accessible data for understanding at-sea
mortality (Peckham et al., 2008; Koch et al., 2006, 2013). Prior green
turtle stranding research at BCS has assessed general mortality
trends (Koch et al., 2006), consumption and black market trade
(Mancini and Koch, 2009), and bycatch (Mancini et al., 2012). How-
ever, these studies have been limited to a single site or mortality
cause, highlighting the need to evaluate multiple sources of mortal-
ity across a broader spatial scale. Here, we assess green turtle mor-
tality through monthly and bimonthly surveys of beaches and town
dumps at nine index sites along the Pacific and Gulf coasts of BCS, a
region that represents among the most important feeding and
developmental habitat for green turtles in the Eastern Pacific. To
our knowledge, this is the largest green turtle mortality dataset ever
compiled from Latin America. Specifically, our goals were to deter-
mine: (1) number of carcasses found; (2) causes of mortality; (3)
spatial and temporal distribution of mortality; and (4) size fre-
quency distribution and proportion of mature individuals.
2. Materials and methods

2.1. Study site

We conducted monthly and bimonthly mortality surveys at 9
index sites along the Pacific and Gulf of California coasts of BCS.
The Mexican state of BCS occupies the southern half of the Baja
California peninsula, is approximately 900 km long, and has the
longest coastline (�2222 km) of all Mexican states (Mancini and
Koch, 2009). The nine index sites included Guerrero Negro (Isla
Arena) (GNO), Punta Abreojos (PAO), Laguna San Ignacio (LSI),
San Juanico (SJU), Bahia Magdalena (BMA), La Paz (LAP), Loreto
(LOR), Mulege (MUL), and Santa Rosalia (SRO) (Fig. 1).
2.2. Mortality surveys

We conducted beach surveys monthly and bimonthly at the
study sites from February 2006 to September 2008 (Fig. 1). We sur-
veyed a total of 205 km of shoreline (see Supplementary material
A), representing 9.4% of the total BCS coastline. We also surveyed
9 town dumps bimonthly, representing�6% of all coastal BCS com-
munities (INEGI, 2013). For each carcass found at beaches and
dumps, we identified species, recorded gender (if possible), took
digital photographs, and marked all carcasses with spray paint
and/or cable binders to avoid recounts. We measured curved cara-
pace length (CCL) of intact carapaces from the nuchal notch to the
posterior marginal tip using a flexible tape measure to the nearest
mm. We recorded location of each carcass using a handheld GPS
device.

Based on available external evidence, we grouped carcasses into
one of four possible cause-specific mortality categories: (1) human
consumption (all carapaces found at dumps and carapaces at bea-
ches that were either charred, freshly cleaned, or had harpoon
holes); (2) bycatch (whole turtle was found entangled with fishing
gear, wounds from fishing gear were visible, signs of drowning
were present following on-site necropsies of fresh carcasses (e.g.
water in lungs, foam in airways), or direct observation of bycatch
mortality (i.e. turtles tossed overboard dead by fishers) adjacent
to index beach during the same timeframe it was surveyed); (3)
other (e.g. shark predation, disease, boat strike, fibropapillomato-
sis), and (4) unknown (when there was no obvious cause of mortal-
ity). We use ‘‘human consumption’’ versus ‘‘poached’’ because at
BCS the latter may imply that the animal was directly hunted for
export on the black market. Our mortality categories were based
on visual identification of carcasses, many of which were severely
decomposed; thus, we acknowledge that laboratory necropsies of
fresh carcasses may have identified pathology or other causes of
death not revealed here (Chaloupka et al., 2008b).
2.3. Data analysis

We calculated the mean length (CCL) of carcasses and the per-
centage of mortality type at each site for beaches and dumps. We
grouped seasons into summer (May–October) and winter (Novem-
ber–April) following Koch et al. (2007) and López-Castro et al.
(2010). We produced length frequency distribution for all carcasses
and estimated the percentage of adults. To estimate length at
maturity, we used mean size of nesting female green turtles at
the major nesting beaches in Michoacán (82 cm CCL; Alvarado
and Figueroa, 1990) following Koch et al. (2006, 2007). Size at
maturity is close to average nesting size in green turtles (Limpus
and Walter, 1980). We calculated annual mortality rates by divid-
ing the number of new carcasses found at index beaches (mean No.
carcasses km�1 year�1) and dumps (mean No. carcasses year�1) by
the time elapsed between surveys.

We transformed CCL data using an inverse transformation and
tested for normality of residuals using the Shapiro–Wilkinson test.
We tested homogeneity of variance with a Bartlett’s test on the
raw data. We used a one-way nested ANOVA to compare mean in-
verse CCL between index sites within regions (i.e. Pacific and Gulf).
In this model, both region and site were treated as fixed effects be-
cause there are environmental differences between regions (e.g.
see López-Castro et al., 2010) and we were explicitly interested
in quantifying differences between specific sites. We used a one-
way ANOVA to compare mean inverse CCL between mortality
causes (i.e. bycatch, human consumption, and unknown mortality).
When significant differences were detected, we used Tukey’s HSD a
posteriori mean comparisons test. Analyses were performed in R
2.15.1. Results are presented as mean ± SD and intervals represent
absolute ranges. Statistical significance was inferred at a probabil-
ity of 0.05 or less.
3. Results

3.1. Total mortality

From 2006 to 2008 we encountered a total of 778 carcasses at
beaches and dumps (Table 1 and Fig. 2), of which 697 could be
measured (see Supplementary material B). Immature turtles



Fig. 1. Map of the study area (Baja California Sur, Mexico) where we conducted green turtle mortality surveys. Beaches (B) and/or dumpsites (D) were surveyed at each index
site (marked with black circles). These sites are part of a long-term sea turtle monitoring program at northwestern Mexico by the conservation NGO Grupo Tortuguero and
reflect areas of historical abundance and exploitation.
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accounted for 93% of all carcasses measured and were dominant
at all index sites. The vast majority of dead turtles were in the
50 to 65-cm size class and there was little variation in size distri-
bution amongst mortality causes (Fig. 2). Most mortality (87%)
was from the Pacific coast, with LSI accounting for 70% of beach
mortality and 40% of total mortality (39% at beaches and 1% at
dumps) (Table 1). Three sites along the Pacific coast (LSI, GNO,
and BMA) accounted for 77% of all mortality (Table 1). Human
consumption accounted for 48% of all mortality, followed by un-
known mortality (32%), and bycatch (20%) (Table 1). No carcasses
showed clear external signs of ‘‘other’’ mortality, although in
many cases decomposition of carcasses was very advanced. While
gender determination based on external characteristics is difficult
for immature sea turtles, we were able to identify 22 females and
15 males.

3.2. Beach mortality

From 2006 to 2008 we encountered 439 carcasses at eight bea-
ches (Table 1). We recorded 69% (N = 305) of carcasses at beaches
during the summer months (May–October) (Table 1). Mean CCL at
beaches was 58.6 ± 11.2 (N = 370, range = 38.5 to 101.0) (see Sup-
plementary material B), and 95% of carcasses were immature.
The most common cause of mortality at beaches was unknown
(62%), followed by bycatch (30%), and human consumption (8%).
Virtually all (99%) bycatch occurred at LSI, which is likely because
bycatch was easier to document here due to: (1) the geography of
the lagoon (relatively small, shallow, and very narrow); (2) close
proximity of the gillnet fishery to the shoreline (�100 m–2 km);
and (3) a concurrent bycatch study (i.e. Mancini et al., 2012) that
included in-water sampling and interviews with local fishers. The
majority of unknown mortality (57%) also occurred at LSI (Table 1).
The Pacific coast accounted for almost all carcasses encountered at
beaches (94%) (Table 1). Mean stranding rates of carcasses found at
beaches ranged from 0.05 carcasses km�1 year�1 to 9.20 carcasses
km�1 year�1 (Table 1).
3.3. Dumpsite mortality

From 2006 to 2008 we encountered 339 carcasses at nine
dumpsites (Table 1). We recorded 57% (N = 193) of carcasses at
dumps during the summer months (May–October) (Table 1). Mean
CCL at dumps was 62.4 ± 12.6 (N = 327, range = 39.7 to 105.4) (see
Supplementary material B), and 91% of carcasses were immature.
All carcasses found at dumps showed signs of human consumption.
The majority (75%) of carcasses were found at dumps on the Pacific
coast (Table 1) and more than half of all mortality was encountered
at two sites (GNO, 37%; BMA, 22%) (Table 1). Carcasses at dumps
were encountered at mean discard rates ranging from 2.84 car-
casses year�1 to 66.75 carcasses year�1 (Table 1).

3.4. Trends in overall mortality

Mortality attributed to bycatch was only identified in June and
July (Fig. 3), where one site (LSI) accounted for 99% of bycatch mor-
tality. Unknown mortality also peaked in June (Fig. 3). Human con-
sumption at beach and dumpsites both peaked in October,
although dumpsite consumption saw large annual variations
(Fig. 3). We found a significant difference amongst carcass size be-
tween sites within regions (i.e. Pacific and Gulf) (F = 2.65;
df = 2.23 � 10�5; p = 0.0157). Tukey’s post hoc comparisons re-
vealed a significant difference (P < 0.05) between BMA and LAP,
where carcasses from LAP were significantly larger than carcasses
from BMA (Table 2). We found significant differences between the
three mortality causes (F = 10.811; df = 2; p < 0.0001), where car-
casses from bycatch and human consumption were significantly
larger (P < 0.05, Tukey’s HSD) than carcasses from unknown mor-
tality (Table 3).

4. Discussion

The 778 carcasses reported here likely represent only a small
percentage of actual green turtle mortality at BCS because: (1)



Table 1
Cause of mortality and number of green turtle carcasses found at beaches and dumpsites along the Pacific and Gulf coasts of Baja California Sur, Mexico from 2006 to 2008. See
Fig. 1 for site abbreviations.

Pacific Gulf of California

LSI GNO PAO SJU BMA Total LAP LOR MUL SRO Total Grand Total

Bycatch
Summer 156 0 0 0 0 156 0 0 0 N/A 0 156 (99%)
Winter 0 1 0 0 0 1 0 1 0 N/A 1 2 (1%)
Total 156 (99%) 1 (<1%) 0 0 0 157 (>99%) 0 1 (<1%) 0 N/A 1 158

Human consumption
Summer 4 65 38 1 32 140 23 8 9 27 67 207 (56%)
Winter 7 61 14 0 50 132 12 0 18 0 30 162 (44%)
Total 11 (3%) 126 (34%) 52 (14%) 1 (<1%) 82 (22%) 272 (74%) 35 (9%) 8 (2%) 27 (7%) 27 (7%) 97 (26%) 369

Unknown
Summer 93 10 5 12 10 130 2 0 3 N/A 5 135 (54%)
Winter 52 38 4 0 15 109 5 1 1 N/A 7 116 (46%)
Total 145 (57%) 48 (19%) 9 (4%) 12 (5%) 25 (10%) 239 (95%) 7 (3%) 1 (<1%) 4 (1%) N/A 12 (5%) 251

Total beach mortality 306 (70%) 49 (11%) 12 (3%) 12 (3%) 32 (7%) 411 (94%) 7 (2%) 2 (< 1%) 19 (4%) N/A 28 (6%) 439
Mean No. carcasses km�1 year�1 9.20 0.81 0.13 0.31 0.63 1.36 0.06 0.05 0.61 N/A 0.14 0.81

Total dump mortality 6 (2%) 126 (37%) 49 (14%) 1 (<1%) 75 (22%) 257 (75%) 35 (10%) 8 (2%) 12 (5%) 27 (8%) 82 (25%) 339
Mean No. carcasses year�1 2.84 66.75 25.78 N/A* 36.65 121.20 17.19 7.91 17.95 23.30 50.90 159.86

Total overall mortality 312 (40%) 175 (23%) 61 (8%) 13 (2%) 107 (14%) 668 (87%) 42 (5%) 10 (1%) 31 (4%) 27 (3%) 110 (13%) 778

N/A, not applicable because beaches at SRO were not surveyed.
* N/A, not applicable because the SJU dump was only sampled once.

Fig. 2. Size distribution of green turtle carcasses encountered at beaches and
dumpsites along the Pacific and Gulf coasts of Baja California Sur, Mexico from 2006
to 2008 by mortality type (N = 778).
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surveys were limited to only 9% of the BCS coastline and 6% of BCS
coastal communities; (2) green turtles are still exported via black
market circuits to local, regional, and even international markets
(Mancini and Koch, 2009) and thus would not be discarded at
our study sites; (3) surveys were conducted monthly or bi-
monthly, meaning that carcasses could have been missed because
they became buried in the sand or were eaten by scavengers such
as coyotes or vultures (Koch et al., 2006); (4) fishers sometimes
destroy carapaces after butchering turtles on the boat; (5) car-
casses are often buried, burned, or hidden with trash (Koch et al.,
2006; Peckham et al., 2008; Mancini and Koch, 2009); (6) people
dispose of carcasses in places other than dumps (e.g. the desert);
(7) carapaces are sometimes kept as ornaments; and (8) stranding
rates of turtles that wash ashore only represent a small fraction
(usually 5–30%) of actual mortality due to factors such as distance
from beach, currents, wind, and season (Hart et al., 2006; Koch
et al., 2013).

While only 20% of mortality could be directly attributed to fish-
eries (i.e. bycatch), it is likely that fisheries are responsible for a
large proportion of overall mortality. In particular, bottom-set gill-
net fisheries that operate seasonally in BCS coastal waters cause
high sea turtle mortality because the nets are usually checked only
once every 24 h, preventing entangled turtles from surfacing to
breathe (Mancini et al., 2012). These fisheries have caused mass
bycatch mortality in both green and loggerhead turtles (Caretta
caretta) at BCS, producing among the highest sea turtle mortality
rates recorded worldwide (Peckham et al., 2007, 2008, 2013;
Mancini et al., 2012; Koch et al., 2013). It is thus reasonable to
suggest that most consumed turtles were likely taken in gillnet
fisheries, either as retained bycatch or from directed hunting, and
subsequently discarded at dumps or beaches. Similarly, most
unknown mortality during the summer likely resulted from inci-
dental bycatch in gillnets as natural mortality of green turtles is
believed to be very low at BCS foraging areas (Koch et al., 2007)
and no carcasses we found showed any signs of disease, shark
predation, or fibropapillomatosis.

We identified three mortality hotspots (LSI, GNO, and BMA)
along the Pacific coast where 77% of all mortality occurred
(Table 1). LSI accounted for 40% of total mortality, resulting almost
entirely from bycatch and unknown mortality. Mass-stranding
events occurred annually at LSI, which accounted for 99% of all
identified bycatch mortality recorded. However, the geography of
the lagoon, close proximity of the fishery to the shoreline, and a
concurrent bycatch study (i.e. Mancini et al., 2012) all made it eas-
ier to document bycatch here. By contrast, GNO and BMA had the
highest human consumption, accounting for more than half of all
consumed turtles (Table 1). Both of these sites were hotspots for
legal green turtle fisheries between 1950 and 1990, and currently
serve as major circuits for black market trade despite market con-
ditions that provide easier access to other more reliable protein
sources (Mancini and Koch, 2009; Senko et al., 2009).

Seasonal trends in mortality were observed, with most car-
casses from beaches (69%) and dumps (57%) recovered during
the summer months when coastal gillnet fisheries are most active,
including 99% of identified bycatch (Fig. 3). Mancini et al. (2012)



Fig. 3. Monthly and seasonal distribution of green turtle carcasses by each mortality cause encountered at beaches and dumpsites at 9 index sites along the Pacific and Gulf
coasts of Baja California Sur, Mexico from 2006 to 2008 (N = 778). Bars represent SD within months.

Table 2
Nested ANOVA comparing inverse curved carapace length between sites nested within region (Pacific or Gulf of California). Site
abbreviations are defined in Fig. 1. Significant differences are indicated in bold.

Df SS MS F P

Region 1 1.46 � 10�5 1.46 � 10�5 0.657 0.449
Site w/in region 6 1.34 � 10�4 2.23 � 10�5 2.65 0.0157
Residual error 362 3.04 � 10�3 8.40 � 10�6

Tukey post hoc test Site Homogenous groups
Gulf of California LAP a

LOR ab
MUL ab
SRO ab

Pacific BMA b
GNO ab
LSI ab
PAO ab
SJU ab
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reported that 96% of green turtle strandings at LSI were encoun-
tered during summer months when fishers were illegally targeting
guitarfish (Rhinobatus sp.) and halibut (Paralichthys californicus) in-
side the lagoon. Similarly, Peckham et al. (2008) reported that 70%
of loggerhead strandings at BCS occurred during the summer when
a bottom-set gillnet fleet was operating in nearby offshore waters.
Human consumption at beaches and dumpsites both peaked in
October, suggesting that some turtles may have been consumed
(and discarded shortly thereafter) at the close of the gillnet fishing
season or for a special occasion such as the Mexican independence
day celebration (‘‘El Grito’’), which is held annually on 16 Septem-
ber. Unlike all other sites, beach mortality was disproportionately
high at GNO during the winter when gillnet fisheries are prohibited
due to the presence of grey whales (Eschrichtius robustus). Strand-
ing surveys by Koch et al. (2013) during 2010–2011 also revealed
that comparatively more green turtles stranded at GNO during
the winter. GNO is the northernmost index site and experiences
cold spells during winter with air temperatures regularly reaching
the freezing point (Exportadora de Sal, unpublished data). Thus,
unknown beach mortality during winter months at GNO may have
resulted from cold-stunning events when water temperatures
reached below 10 C (Witherington and Ehrhart, 1989).



Table 3
One-way ANOVA comparing inverse curved carapace length between the three mortality causes at beaches and dumps. Significant differences are indicated in
bold.

Df SS MS F value P value

Mortality cause 2 2.01 � 10�4 1.00 � 10�4 10.811 <0.0001
Residual Error 694 6.44 � 10�3 9.28 � 10�6

Tukey post hoc test Mortality cause Homogeneous groups
Human consumption a
Bycatch a
Unknown b
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When all mortality types were pooled together, carcasses from
bycatch and human consumption were significantly larger than
carcasses from unknown mortality. At BCS, fishers generally target
medium to large turtles (Mancini and Koch, 2009), while smaller
turtles may be more susceptible to cold stunning, which likely
comprised some unknown mortality during the winter. Given that
99% of bycatch came from a single site, it is difficult to draw infer-
ences to other sites. Carcasses found at dumps along both coasts
demonstrated virtually the same mean size, suggesting that fishers
either have a minimum preferred consumption size, fishers from
both coasts fish similarly (e.g. similar gear, depth, bottom sub-
strate), or in-water size distributions of turtles are similar.
Although carcasses found at dumps could have originated else-
where, this is unlikely as the index sites are generally sources,
and not destinations, for black market trade. The disparity between
carcass size at LAP and BMA is likely driven by habitat differences,
as the section of shoreline we monitored at BMA is adjacent to a
shallow estuary with predominantly small turtles (see Koch
et al., 2007), whereas the index beach at LAP is adjacent to deeper,
less protected water. Finally, although mortality data may not rep-
resent in-water population structure, we are confident that our
size distributions were not skewed by selective mortality, as our
data are consistent with previous in-water studies (Seminoff
et al., 2003; Koch et al., 2007; López-Castro et al., 2010).

4.1. Conservation implications

Our results indicate that many immature green turtles are being
killed at BCS despite over two decades of federal protection. While
Mexico has protected major nesting beaches for over 3 decades,
inadequate staffing and funding of federal environmental agencies
has led to pervasive anthropogenic impacts at coastal foraging
areas (Mancini et al., 2011; Senko et al., 2011), including high by-
catch mortality and directed harvest observed in this study. More-
over, although the federal ban eliminated commercial harvest and
thus substantially reduced overall mortality, it created a network
of black market circuits and the perception that turtle meat is a
luxury item symbolic of wealth and power (Mancini and Koch,
2009).

The number of nesting females at the largest Mexican nesting
rookery at Colola in Michoacan remains at least an order of magni-
tude below mid-1960s levels (Delgado-Trejo and Alvarado-Diaz,
2012). Approximately 25,000 females nested annually at Colola
during the late 1960s when populations were already reduced
from intense exploitation along the Mexican Pacific coast that be-
gan in the early 1950s (Delgado-Trejo and Alvarado-Diaz, 2012).
However, recent reports indicate that nesting females have been
increasing over the past decade following near extirpation in the
1980s, with around 1500–2000 females nesting annually at Colola
from 2000 to 2007 (Delgado-Trejo and Alvarado-Diaz, 2012). While
encouraging, this initial sign of recovery is likely due to the ban on
commercial harvest three decades ago and the ongoing protection
at major nesting beaches, and may be constrained if high mortality
on the feeding grounds persists. Given that the high mortality we
observed is likely a gross underestimate of actual mortality,
coupled with nesting numbers that remain well below historical
levels, continued mortality of mostly immature turtles could limit
population recovery as demographic models of sea turtles indicate
that older juveniles are important for population persistence and
recovery (Crouse et al., 1987; Crowder et al., 1994).

Circumstantial evidence suggests that the vast majority of mor-
tality likely resulted from gillnet fisheries. Following our study,
green turtle strandings at LSI decreased by 97% in 2009 after the
presence of law enforcement and subsequent closing of one small
bottom-set gillnet fleet (approx. 15 boats fishing for less than
2 months) and has dramatically decreased since (Aaron Esliman
pers. comm. 2013), demonstrating the effectiveness of increased
law enforcement (Mancini et al., 2012). Nevertheless, while by-
catch has largely been mitigated at LSI, high sea turtle bycatch is
still occurring in other Mexican bottom-set gillnet fisheries. Re-
cently, a 600% increase in loggerhead turtle strandings (483 tur-
tles) was documented along 43 km of BCS shoreline in July 2012
when a bottom-set gillnet fleet was operating in nearby offshore
waters (Peckham et al., 2013), while Mexican federal officials
observed average bycatch rates approaching 2 turtles 100 m-1

gillnet 24 h�1 on a government research cruise during the same
timeframe (INAPESCA, 2012). Accordingly, in a January 2013 report
to Congress the United States cited Mexico under the Magnuson
Stevens Reauthorization Act, with the possibility of economic
sanctions if high strandings and bycatch continues unabated
(NOAA Fisheries MSRA report, 2013).

Given that 77% of all mortality occurred at three sites, conserva-
tion action should focus on mitigating bycatch and directed har-
vest at mortality hotspots. However, continued monitoring of
mortality across a broad spatial scale is imperative to assess
morality trends and whether impacts from illegal fishing are being
redistributed to other green turtle foraging areas that are more
difficult for both researchers and authorities to access. We also
recommend partnering with local fishers to develop bycatch
reduction solutions (e.g. see Jenkins, 2007, 2010; Wang et al.,
2010, 2013).

Acknowledgements

This study was funded by Consejo Nacional de Ciencias y Tec-
nologias (CONACyT) Grant SEMARNAT-2004-C01-277 and AM
was supported by a Rufford Small Grants for Conservation. All re-
search activities were authorized by the Secretaría para el Medio
Ambiente y los Recursos Naturales (SEMARNAT) (Permits No.
SGPA/DGVS/03846, SGPA/DGVS/03944/07, SGPA/DGVS/03816/
08). We are grateful for the tireless work of Grupo Tortuguero
and all its members. In particular, we thank Ranulfo Mayoral, Julio
Solis, Victor De La Toba, Don ‘‘Chuy’’ Lucero, the team at Reserva De
La Biosfera de Vizcaino, and the team of Exportadora de Sal (Guer-
rero Negro). We also thank the Earthwatch team, including Wil-
liam Megill, Fred Senko, Robert Templeton, Amee Lewis, and all
the volunteers for helping collect and record data. We thank Easton
White, Robert Wildermuth, May Bogges, and one anonymous re-
viewer for helpful comments and suggestions that greatly im-
proved the manuscript.



30 J. Senko et al. / Biological Conservation 169 (2014) 24–30
Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.biocon.2013.
10.017.

References

Allen, M.S., 2007. Three millennia of human and sea turtle interactions in remote
Oceania. Coral Reefs 26, 959–970.

Alvarado, J., Figueroa, A., 1990. The ecological recovery of sea turtles of Michoacan,
Mexico. Special attention: the black turtle, Chelonia agassizii. Final Report
1989–1990 submitted to U.S.F.W.S. and W.W.F. – US, 97p.

Alvarado-Diaz, J., Delgado- Trejo, C., Suazo-Ortuno, I., 2001. Evaluation of the black
turtle project in Michoacan, Mexico. Mar. Turtle Newsl. 92, 4–7.

Aridjis, H., 1990. Mexico proclaims total ban on harvest of turtles and eggs. Mar.
Turtle Newsl. 50, 1–3.

Balazs, G.H., Chaloupka, M., 2004. Thirty-year recovery trend in the once depleted
Hawaiian green sea turtle stock. Biol. Conserv. 117, 491–498.

Bjorndal, K.A., Jackson, J.B.C., 2002. Roles of sea turtles in marine ecosystems:
reconstructing the past. In: Lutz, P.L. (Ed.), The Biology of Sea Turtles, vol. II, CRC
Press, pp. 259–274.

Boyd, C., Brooks, T.M., Butchart, S.H.M., Edgar, G.J., da Fonseca, G.A.B., et al., 2008.
Spatial scale and the conservation of threatened species. Conserv. Lett. 1, 37–43.

Chaloupka, M., Bjorndal, K.A., Balazs, G.H., Bolten, A.B., Ehrhart, L.M., Limpus, C.J.,
et al., 2008a. Encouraging outlook for recovery of a once severely exploited
marine megaherbivore. Global Ecol. Biogeogr. 17, 297–304.

Chaloupka, M., Work, T.M., Balazs, G.H., Murakawa, S.K.K., Morris, R., 2008b. Cause
specific temporal and spatial trends in green sea turtle strandings in the
Hawaiian Archipelago (1982–2003). Mar. Biol. 154, 887–898.

Clifton, K., Cornejo, D.O., Felger, R.S., 1982. Sea turtles of the Pacific coast of Mexico.
In: Bjorndal, K.A. (Ed.), Biology and Conservation of Sea Turtles. Smithsonian
Institution Press, pp. 199–209.

Crouse, D.T., Crowder, L.B., Caswell, H., 1987. A staged-based population model for
loggerhead sea turtles and implication for conservation. Ecology 68 (5), 1412–
1423.

Crowder, L.B., Crouse, D.T., Heppell, S.S., Martin, T.H., 1994. Predicting the impact of
turtle excluder devices on Loggerhead sea turtle populations. Ecol. Appl. 4 (3),
437–445.

Delgado-Trejo, C., Alvarado-Diaz, J., 2012. Current conservation status of the black
sea turtle in Michoacán, Mexico. In: Seminoff, J.A. et al. (Ed.). Sea Turtles of the
Eastern Pacific: Advances in Research and Conservation. Arizona-Sonora Desert
Museum Studies in Natural History, pp. 263–278.

Denkinger, J., Parra, M., Muñoz, J.P., Carrasco, C., Murillo, J.C., Espinosa, E., Rubianes,
F., Koch, V., 2013. Are vessel strikes a threat to sea turtles in the Galapagos
marine reserve. Ocean Coast. Man. 80, 29–35.

Estes, J.A., Terborgh, J., Brashares, J.A., Power, M.A., Berger, J., Bond, W.J., et al., 2011.
Trophic downgrading of planet Earth. Science 333, 301–306.

Hart, K.M., Mooreside, P., Crowder, L.B., 2006. Interpreting the spatio-temporal
patterns of sea turtle strandings: going with the flow. Biol. Conserv. 129, 283–
290.

Mexican National Institute of Fisheries (INAPESCA). 2012. Bycatch of Loggerhead
Turtles at Bahia Ulloa, BCS, Mexico. Mexico National Institute of Fisheries
Research Report.

INEGI. 2013. Anuario estadistico del Estado de Baja Clifornia Sur. <http://
www.inegi.org.mx>.

International Union for the Conservation of Nature Red List of Threatened Species
(IUCN). 2013. Chelonia mydas. Version 2012.2. <www.iucnredlist.org> 28 May
2013.

Jenkins, L.D., 2007. Bycatch: interactional expertise, dolphins and the US tuna
fishery. Stud. Hist. Phil. Sci. 38, 698–712.

Jenkins, L.D., 2010. Profile and influence of the successful fisher-inventor of marine
conservation technology. Conserv. Soc. 8, 44–54.

Kittinger, J.N., Van Houtan, K.S., McClenachan, L.E., Lawrence, A.L., 2013. Using
historical data to assess the biogeography of population recovery. Ecography 36,
001–005.

Koch, V., Nichols, W.J., Peckham, H., De La Toba, V., 2006. Estimates of sea turtle
mortality from poaching and bycatch in Bahia Magdalena, Baja California Sur,
Mexico. Biol. Conserv. 128, 327–334.

Koch, V., Nichols, W.J., Brooks, L.B., 2007. Population ecology of the green/black
turtle (Chelonia mydas) in Bahia Magdalena, Mexico. Mar. Biol. 153 (1), 35–46.

Koch, V., Peckham, H., Mancini, M., Eguchi, T., 2013. Estimating at-sea mortality of
marine turtles from stranding frequencies and drifter experiments. PLoS ONE 8
(2), e56776. http://dx.doi.org/10.1371/journal.pone.0056776.
View publication stats
Lewison, R.L., Crowder, L.B., Read, A.J., Freeman, S.A., 2004. Understanding impacts
of fisheries bycatch on marine megafauna. Trends Ecol. Evol. 19, 598–604.

Limpus, C.J., Walter, D.G., 1980. The growth of immature green turtles (Chelonia
mydas) under natural conditions. Herpetologica 36, 162–165.

López-Castro, M.C., Koch, V., Mariscal-Loza, A., Nichols, W.J., 2010. Long-term
monitoring of black turtles Chelonia mydas at coastal foraging areas off the Baja
California Peninsula. Endangered Species Res., 35–45.

Mancini, A., Koch, V., 2009. Sea turtle consumption and black market trade in Baja
California Sur, Mexico. Endanger Species Res. 7, 1–10.

Mancini, A., Senko, J., Borquez-Reyes, R., Guzman Poo, J., Seminoff, J.A., Koch, V.,
2011. To poach or not to poach an endangered species: elucidating the
economic and social drivers behind illegal sea turtle hunting in Baja California
Sur, Mexico. Human Ecol. 39 (743), 756.

Mancini, A., Koch, V., Seminoff, J.A., Madon, B., 2012. Small-scale gill-net fisheries
cause massive green turtle Chelonia mydas mortality in Baja California Sur,
Mexico. Oryx 46, 69–77.

Marquez, R., 1990. Sea turtles of the world. An annotated and illustrated catalogue
of sea turtle species known to date. FAO Species Catalogue. FAO Fisheries
Synopsis 11 (125), 81.

Moran, K.L., Bjorndal, K.A., 2005. Simulated green turtle grazing affects structure
and productivity of seagrass pastures. Mar. Ecol. Prog. Ser. 305, 235–247.

Moran, K.L., Bjorndal, K.A., 2007. Simulated green turtle grazing affects nutrient
composition of the seagrass Thalassia testudinum. Mar. Biol. 150, 1083–1092.

Mrosovsky, N., Ryan, G.D., James, M.C., 2009. Leatherback turtles: the menace of
plastic. Mar. Pollut. Bull. 58, 287–289.

NOAA Fisheries MSRA report. 2013. Improving International Fisheries Management.
US Dept of Commerce, 97p. <http://www.nmfs.noaa.gov/ia/iuu/msra_page/
2013_biennial_report_to_congress__jan_11__2013__final.pdf>.

Peckham, S.H., Maldonado-Diaz, D., Walli, A., Ruiz, G., Crowder, L.B., Nichols, W.J.,
2007. Small-scale fisheries bycatch jeopardizes endangered Pacific loggerhead
turtles. PLoS ONE: e1041. doi: 10.1371/journal.pone.0001041.

Peckham, S.H., Maldonado-Diaz, D., Koch, V., Mancini, A., Gaos, A. et al., 2008. High
mortality of loggerhead turtles due to bycatch, human consumption and
strandings at Baja California Sur, Mexico, 2003–7. Endangered Species Res. 5,
171–183; doi: 110.3354/esr00123.

Peckham, S.H., Maldonado, D., Senko, J., Esliman, A., 2013. Bycatch mass mortality of
loggerhead turtles at NW Mexico. In: Paper presented at the 33rd International
Symposium on Sea Turtle Biology and Conservation. Baltimore, MD, USA.

Seminoff, J.A., Jones, T.T., 2006. Diel movements and activity ranges of green turtles
(Chelonia mydas) at a temperate foraging area in the Gulf of California, Mexico.
Herpetol. Cons. Biol. 1, 81–86.

Seminoff, J.A., Resendiz, A.A., Nichols, W.J., 2002. Home ranges of green turtles
(Chelonia mydas) at a coastal foraging area in the Gulf of California, Mexico. Mar.
Ecol. Prog. Ser. 242, 253–265.

Seminoff, J.A., Jones, T.T., Resendiz, A., Nichols, W.J., Chaloupka, M.L., 2003.
Monitoring Green turtles (Chelonia mydas) at a coastal foraging area in Baja
California, Mexico: multiple indices describe population status. J. Mar. Biol.
Assoc. UK 83, 1335–1362.

Senko, J., Nichols, W.J., Ross, J.P., Willcox, A.S., 2009. To eat or not to eat an
endangered species: views of local residents and physicians on the safety of sea
turtle consumption in northwestern Mexico. EcoHealth 6, 584–595.

Senko, J., Koch, V., Megill, W.M., Carthy, R.R., Templeton, R.P., Nichols, W.J., 2010a.
Fine scale daily movements and habitat use of East Pacific green turtles at a
shallow coastal lagoon in Baja California Sur, Mexico. J. Exp. Mar. Biol. Ecol. 391,
92–100.

Senko, J., Lopez-Castro, M., Koch, V., Nichols, W.J., 2010b. Immature East Pacific
green turtles (Chelonia mydas) use multiple foraging areas off the Pacific Coast
of Baja California Sur, Mexico: first evidence from mark-recapture data. Pac. Sci.
64, 125–130.

Senko, J., Schneller, A.J., Solis, J., Ollervides, F., Nichols, W.J., 2011. People helping
turtles, turtles helping people: understanding resident attitudes towards sea
turtle conservation and opportunities for enhanced community participation in
Bahia Magdalena, Mexico. Ocean Coast. Manage. 54, 148–157.

Vander Zanden, H.B., Bjorndal, K.A., Inglett, P.W., Bolten, A.B., 2012. Marine-derived
nutrients from green turtle nests subsidize terrestrial beach ecosystems.
Biotropica 44, 294–301.

Wallace, B.P., DiMatteo, A.D., Bolten, A.B., Chaloupka, M.Y., Hutchinson, B.J., et al.,
2011. Global conservation priorities for marine turtles. PLoS ONE 6 (9), e24510.
http://dx.doi.org/10.1371/journal.pone.0024510.

Wang, J.H., Fisler, S., Swimmer, Y., 2010. Developing visual deterrents to reduce
marine turtle bycatch in gill net fisheries. Mar. Ecol. Prog. Ser. 408, 241–250.

Wang, J.H., Barkan, J., Fisler, S., Godinez-Reyes, C., Swimmer, Y., 2013. Developing
ultraviolet illumination of gillnets as a method to reduce sea turtle bycatch.
Biol. Lett. 9, 20130383.

Witherington, B., Ehrhart, L.M., 1989. Hypothermic stunning and mortality of
marine turtles in the Indian River Lagoon system, Florida. Copeia 3, 696–703.

http://dx.doi.org/10.1016/j.biocon.2013.10.017
http://dx.doi.org/10.1016/j.biocon.2013.10.017
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0005
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0005
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0015
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0015
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0020
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0020
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0025
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0025
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0035
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0035
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0050
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0050
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0050
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0055
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0055
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0055
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0065
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0065
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0065
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0070
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0070
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0070
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0080
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0080
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0080
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0085
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0085
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0090
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0090
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0090
http://www.inegi.org.mx
http://www.inegi.org.mx
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0110
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0110
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0115
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0115
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0120
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0120
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0120
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0125
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0125
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0125
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0130
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0130
http://dx.doi.org/10.1371/journal.pone.0056776
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0140
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0140
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0145
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0145
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0150
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0150
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0150
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0155
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0155
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0160
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0160
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0160
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0160
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0165
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0165
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0165
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0170
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0170
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0170
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0175
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0175
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0180
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0180
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0185
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0185
http://www.nmfs.noaa.gov/ia/iuu/msra_page/2013_biennial_report_to_congress__jan_11__2013__final.pdf
http://www.nmfs.noaa.gov/ia/iuu/msra_page/2013_biennial_report_to_congress__jan_11__2013__final.pdf
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0215
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0215
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0215
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0220
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0220
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0220
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0225
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0225
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0225
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0225
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0275
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0275
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0275
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0235
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0235
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0235
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0235
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0240
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0240
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0240
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0240
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0280
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0280
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0280
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0280
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0250
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0250
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0250
http://dx.doi.org/10.1371/journal.pone.0024510
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0260
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0260
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0265
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0265
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0265
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0285
http://refhub.elsevier.com/S0006-3207(13)00372-8/h0285
https://www.researchgate.net/publication/259085274

	Bycatch and directed harvest drive high green turtle mortality  at Baja California Sur, Mexico
	1 Introduction
	2 Materials and methods
	2.1 Study site
	2.2 Mortality surveys
	2.3 Data analysis

	3 Results
	3.1 Total mortality
	3.2 Beach mortality
	3.3 Dumpsite mortality
	3.4 Trends in overall mortality

	4 Discussion
	4.1 Conservation implications

	Acknowledgements
	Appendix A Supplementary material
	References


