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INTRODUCTION

One of the main problems in sea turtle conservation
has been the lack of understanding of their population
status on foraging grounds (Seminoff et al. 2003). Data
on population size, size-frequency distribution, habitat
use and movement, time of residence, individual
growth rate and the contribution of different nesting

populations to the stocks on the foraging grounds are
essential as they provide important insights into popu-
lation trends and are used to evaluate and inform con-
servation strategies (Chaloupka & Musick 1997). How-
ever, little has been done as yet to assess the status of
sea turtle populations on their foraging areas in the
eastern Pacific due to the labor- and cost-intensive
long-term work required (Nichols 2003).
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ABSTRACT: Monthly in-water monitoring was conducted at 5 foraging areas off the Baja California
Peninsula, Mexico, from 2001 to 2006 to assess black turtle population status. Turtles were captured
with entanglement nets, size (straight carapace length, SCL) and weight of each individual were
recorded and turtles were tagged on both rear flippers. A total of 1238 turtles were captured, involv-
ing 6309 h of effort. Of this total, 937 ind. were marked and 155 were recaptured. SCL ranged from
30 to 95.5 cm; immature turtles accounted for >94% of the total catch and were dominant at all sites.
However, size class distribution varied among sites, and turtles from the Gulf of California were sig-
nificantly larger than those caught in the Pacific. Catch per unit of effort (defined as the number of
turtles caught per 100 m of net soaking for 24 h) varied from 1.79 at Bahía Magdalena to 17.35 at
Punta Abreojos. Mean (±SD) annual growth rate for black turtles was 2.27 ± 0.71 cm yr–1, with the
lowest and highest growth rates in Bahía Magdalena (1.37 ± 0.71 cm yr–1) and Laguna Ojo de Liebre
(3.05 ± 2.23 cm yr–1), respectively. Lack of recaptures from adjacent sites and multiple recaptures of
specimens at the site of origin over several years indicate a low connectivity among foraging areas
and a high site fidelity. Hence, strengthening local protection is imperative to the recovery of black
sea turtle populations.
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Black turtles, or East Pacific green turtles Chelonia
mydas, are currently listed as endangered on the
IUCN Red List (Hilton-Taylor 2000). The dramatic pop-
ulation decline of olive ridley and black turtles was
mainly caused by the overexploitation of eggs, leather
and meat from the 1950s to the 1970s (Groombridge &
Luxmoore 1989), when Mexico alone contributed over
50% to the world’s sea turtle catch (Márquez 1990). In
an effort to recover all sea turtle populations, the Mex-
ican government banned their harvest and trade in
1990 by presidential decree (Diario Oficial de la Fed-
eración 1990) and implemented programs to protect
sea turtles on their nesting beaches. While nesting
beach protection has been largely successful in the
past decades, high mortality rates due to bycatch and
illegal harvest are still reported from foraging areas in
northwest Mexico, especially of black and loggerhead
turtles (Gardner & Nichols 2001, Nichols 2003, Koch et
al. 2006, Peckham & Nichols 2006). As a result, popula-
tion recovery of the black turtle (measured as the num-
ber of nesting females on the beaches in Michoacán)
has been slow and it has become clear that nesting
beach protection alone may not be sufficient to ensure
population recovery (Koch et al. 2006, 2007). The Baja
California Peninsula provides important foraging and
nursery areas and is considered a key region for sea
turtle conservation (Cliffton et al. 1982, Koch et al.
2002, 2007, Nichols 2003, Seminoff et al. 2003). How-
ever, many aspects of the black turtle aggregations on
the East Pacific foraging grounds still remain
unknown, such as the size distribution in different
areas, population density and total abundance, indi-
vidual growth and residence times of juveniles and
connectivity between foraging areas.

For these reasons, the Grupo Tor-
tuguero Network was founded in 1999
and began community-based black tur-
tle monitoring in 2001 at several coastal
foraging areas to provide necessary
information to create adequate strategies
for their recovery in the region and
strengthen local protection (Delgado &
Nichols 2005).

The overall objectives of the present
study were to gather data on the popula-
tion status of the black turtle in foraging
areas off the Baja California Peninsula
and provide baseline information for the
development of informed conservation
strategies. Specifically, we quantified the
following over a 5 yr monitoring period:
(1) population size distribution and per-
centage of immature turtles at each site;
(2) body condition index and mean
annual growth rate as indicators of popu-

lation health; and (3) catch per unit effort (CPUE) as a
proximate measure of black turtle abundance.

MATERIALS AND METHODS

Study area. The study was conducted at 5 different
foraging areas along the Baja California Peninsula
(Fig. 1). We present the results from 4 sites located on
the Pacific coast of the peninsula where monitoring has
been relatively constant over the last 5 yr: Laguna Ojo
de Liebre (LOL), Punta Abreojos (PAO), Laguna San
Ignacio (LSI) and Bahía Magdalena (BMA). Addition-
ally, we present data from a site located in the Gulf of
California at El Pardito (EPA), where monitoring began
in September 2005.

Laguna Ojo de Liebre: LOL is located on the Pacific
coast near the border between Baja California Sur and
Baja California. It is part of the El Vizcaino Biosphere
reserve and extends from 27° 35’ to 27° 55’ N and
113° 58’ to 114° 10’ W. It is characterized by a dry cli-
mate and cold air temperatures in winter. Maximum
water temperatures range from 20 to 26°C in the sum-
mer and minimum temperatures from 12 to 20°C in the
winter. The channels reach a depth of up to 16 m.
Zostera marina and several species of benthic macroal-
gae are abundant in the lagoon (Águila-Ramírez 1998).
It is one of the 4 major breeding grounds for the East
Pacific gray whale population.

Punta Abreojos (Estero Coyote): PAO is also located
on the Pacific coast of the peninsula, and is also part of
the El Vizcaino Biosphere reserve. The site consists of
a small and shallow coastal lagoon which lies northeast
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Fig. 1. Study area. The 5 monitoring sites along the Baja California Peninsula
are marked with black circles
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of Punta Abreojos, a fishing community exploiting lob-
ster, abalone and finfish. It is relatively pristine, lined
by mangrove forests and large beds of seagrass and
algae abound in the lagoon (Nichols 2003). The maxi-
mum average water temperature is 26°C during sum-
mer and the minimum average temperature is 17°C
during winter. Black sea turtles are very abundant in
this area.

Laguna San Ignacio: LSI is located on the Pacific
side, close to Estero Coyote, between 26° 43’ to
26° 58’ N and 113° 08’ to 113° 16’ W. It is also part of El
Vizcaino Biosphere reserve. Mean annual temperature
ranges between 18 and 26°C. The lagoon has an exten-
sion of approximately 17 500 ha. It has extensive sea-
grass beds and mangrove swamps (Nichols 2003).
Besides providing shelter to black sea turtles, the
lagoon is also important for the reproduction of gray
whales, as well as several species of migratory sea-
birds. The monitoring site was located at the head of
the lagoon.

Bahía Magdalena: BMA is located on the Pacific
coast of Baja California at 24° 15’ to 25° 20’ N and
111° 30’ and 112° 15’ W; the lagoon is sheltered by 2
barrier islands, Isla Margarita and Isla Magdalena.
Seasonal upwelling outside the mouth and extensive
mangrove forests and seagrass beds make BMA a
highly productive ecosystem (Maeda-Martínez et al.
1993). Sea surface temperature varies seasonally,
reaching a maximum of 28°C in September and a min-
imum of 19°C in March (Lluch-Belda et al. 2000). The
inner channels of the bay provide shallow protected
areas of mangrove lagoons for juvenile black sea tur-
tles while the rocky areas near the mouth of BMA pro-
vide food for subadult and adult turtles (López-Mendi-
laharsu et al. 2005)

El Pardito: Located on the Gulf of California coast
(24° 51’ 10’’ N, 110° 34’ 52’’ W), EPA is a small islet
between Islas San José and San Francisquito, north of
Bahía de La Paz (Fig. 1). It is part of an island complex
within the Gulf of California which has been under
protection since 1978. Water temperature varies be-
tween 18 and 30°C in winter and summer, respec-
tively (Rengstorf 2007). Monitoring took place in
Ensenada La Amortajada, on the southeast coast of
Isla San Jose.

Turtle capture and measurement. Between August
2001 and November 2006, black turtles were captured
once every month in shallow areas (<8 m depth) of
each monitoring site using entanglement nets (mesh
size = 50 cm stretched) with very little weight on the
lead line, so turtles that were caught could come up to
the surface to breathe (Koch et al. 2007). Net length
varied between sites due to different oceanographic
conditions: at LOL, a 100 m length net was used; at
PAO, 2 nets of 90 and 60 m length were used; at LSI,

2 nets of 111 and 64 m length were used; at BMA,
2 nets of 100 and 140 m were used; and at EPA, 1 net of
270 m length was used. Net height was 8 m in all cases.
Nets were set during both day and night over a period
of 10 to 24 h, depending on weather conditions and
permit regulations. Nets were monitored constantly to
avoid drowning of captured turtles. Upon capture, tur-
tles were taken to shore where they were weighed,
measured and tagged. All turtles were released at the
site of initial capture immediately after the sampling
was completed (<24 h) to avoid recapturing the same
individual.

Straight carapace length (SCL) was measured from
the nuchal notch to the posterior end of the rear mar-
ginal scutes using a forester caliper (±0.1 cm). Mass
was determined to the nearest pound using a 500 lb
spring balance, and converted to kg. Each turtle was
tagged using Inconel tags (National Band and Tag) on
each rear flipper (usually between the first and second
large proximal scales).

A body condition index (BCI = body mass ×
10 000/SCL3) was calculated to evaluate the relative
‘fatness’ of captured turtles (Bjorndal et al. 2000).

Size distribution of individuals was compared among
foraging areas to identify significant differences using
a Kruskal-Wallis test (Zar 1999). To estimate the pro-
portion of juveniles among all turtles caught in each
area, we used the average size of nesting females reg-
istered at nesting areas of Michoacán (77.3 cm SCL) as
an index of size at maturity (Koch et al. 2006, 2007),
since most black turtles originate from Michoacán
nesting beaches (Esquivel Bobadilla 2007).

CPUE. One unit of effort was defined as 100 m of net
being in the water for 24 h. Effort was calculated for
each sampling as follows (modified after Koch et al.
2007): CPUE = (soaking time/24 × net length/100)/no.
of turtles caught. 

We calculated CPUE for each site and sampling
occasion, except in cases where monitoring was not
possible due to weather conditions and/or permit
restrictions (e.g. gray whale season at LSI and LOL).
In the case where 2 nets were used in the same
monitoring event, CPUE was calculated for each net
separately.

Growth. Annual growth rate was calculated from
data collected from recaptured organisms as follows:
(SCLfinal – SCLinitial)/recapture interval; where the
recapture interval is in years (as used by Seminoff et al.
2002). In all cases, only recaptured turtles that were at
large for more than 11 mo were considered.

Statistical analysis. Each group of data was tested
with the Shapiro-Wilkinson test for normality and Lev-
ene’s test for homoscedasticity (Zar 1999). In all cases,
α = 0.05 was used. Analyses were performed using
Systat 11 software. Comparisons of CPUE, SCL and
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BCI were made using a 1-way ANOVA or the non-
parametric equivalent Kruskal-Wallis test when
ANOVA assumptions were not met. Whenever signifi-
cant differences were detected, we used Tukey’s hon-
estly significant difference test for multiple compar-
isons for the parametric cases, or a Kruskal-Wallis
2-sample ranking test (non-parametric) to show, in
both cases, the formation of homogeneous groups (Zar
1999).

RESULTS

During the 5 yr of monitoring, a total of 1243 turtles
were caught. All were black turtles, except for 3
hawksbill (2 at BMA, 1 at EPA) and 2 loggerhead tur-
tles (at LOL) that were not included in the analyses. Of
the 1238 black turtles, 937 were tagged (301 turtles
were not tagged because monitoring teams ran out of
tags), and a total of 155 turtles were recaptured at least
once (Table 1). None of the recaptured turtles had
been previously tagged at another foraging area, even
though some of the sampling sites are relatively close
to each other; for example, LSI and PAO are approxi-
mately 40 km apart.

Size class distribution and mass 

SCL varied between 30 and 95.5 cm, and size class
distribution differed among sites. Sizes at PAO ranged
from 30 to 95.5 cm SCL, presenting the widest size
range of all sites (Fig. 2, Table 2). ANOVAs showed
significant size differences among sites (Kruskal-Wal-
lis, K = 117.272, p < 0.001; Table 3); turtles at LSI were
significantly smaller in SCL than at other sites and
those caught at EPA were significantly larger than
those from all other sites and had the highest percent-
age of adult-sized turtles. In general, juveniles ac-
counted for 95% of all turtles caught; only 60 ind. were
considered adult-sized (Fig. 2). The average mass of

individual turtles ranged from 7.3 to 108.9 kg. Similar
to the SCL results, the average mass of turtles was
highest at EPA and smallest at LSI (Table 2).

Body condition index

We used Grubbs’ test (Grubbs 1969) to eliminate 15
outliers due to errors in recording size (SCL) and/or
mass (Koch et al. 2007). Estimates of BCI ranged from
0.67 to 2.30 (Table 2). One-way ANOVA showed that
the BCI of turtles was significantly smaller in LSI than
at all other sites, which did not differ from each other
(Table 4a). When comparing BCI between years at
each site (Fig. 3), few significant differences were
found and no clear trend was visible, except possibly at
LSI, where BCI seemed to increase toward the end of
the sampling period (Fig. 3, Table 4). The seasonal
comparison showed differences at all sites except for
LOL. Turtles were generally fatter during the summer
months than in winter (Fig. 3).

Throughout the 5 yr of monitoring, only 29 turtles
(2.3%; data not shown) appeared to be sick, with low
body mass, high numbers of external parasites or other
apparent external manifestations of disease. There
were some turtles with missing flippers but with a good
BCI and a healthy appearance. No cases of fibropapil-
lomatosis were reported.

Recapture intervals

A total of 155 black turtles (12.47%) were recaptured
during the 5 yr of monitoring (LOL = 23, 14.83%;
PAO = 79, 50.96%; LSI = 25, 16.12%; BMA = 27,
17.41%; EPA = 1, 0.64%). Recapture intervals ranged
from 1 mo to 4 yr 11 mo. In most cases, turtles were re-
captured only once (139 ind.: LOL = 21; PAO = 70; LSI
= 23; BMA = 24; EPA = 1); however, 13 turtles were re-
captured twice (PAO = 9, LSI = 2, LOL = 1, BMA = 1), 1
turtle 3 times (LOL), 1 turtle 4 times (BMA) and 1 turtle

5 times (BMA). From our recapture
data, it seems that turtles remain year-
round in their foraging area.

Rates of recapture varied across
years; however, the percentage re-
mained low. Overall, there were 15
recaptures in the first year (August
2001 to July 2002, 7.42%); 56 in the
second year (August 2002 to July
2003, 11.02%); 29 in the third year
(August 2003 to July 2004, 4.71%); 41
in the fourth year (August 2004 to July
2005, 5.62%); and 36 in the fifth year
(August 2005 to December 2006,

38

Site Total net Total no. Total no. Total no.
hours caught tagged recaptured

Laguna Ojo de Liebre 744 150 124 22
Punta Abreojos 1580 633 501 80
Laguna San Ignacio 1392 223 141 25
Bahía Magdalena 2449 173 113 27
El Pardito 144 59 59 1
Total 6309 1238 937 155

Table 1. Chelonia mydas. Netting effort and number of turtles caught, tagged
and recaptured at the 5 sampling sites. Monitoring began in 2001 at all sites

except El Pardito, where it began in 2005
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3.85%). No recaptures from sampling sites other than
the original capture site were registered.

Annual growth rate

SCL at time of first capture ranged from 43 to 82.3 cm
(mean ± SD = 57.66 ± 9.06 cm). Mean recapture inter-
val was 24 ± 12 mo. Growth rates ranged from 0 cm yr–1

(a 60 cm SCL turtle at large for 23 mo at PAO) to 7.6 cm

yr–1 (a 50.8 cm SCL turtle at large for 13 mo at LOL).
The mean annual growth rate was 2.3 ± 1.4 cm yr–1; it
was lowest at BMA (1.4 ± 0.7 cm yr–1) and highest at
LOL (3.1 ± 2.2 cm yr–1). PAO and LSI presented similar
rates (2.4 ± 1.2 and 2.1 ± 1.3 cm yr–1, respectively)
(Fig. 4). ANOVA, however, showed that only the
annual growth rate at BMA was significantly different
from that at other sites (Table 5). Growth rates amongst
different size classes (initial SCL) were not signifi-
cantly different (F = 0.3524, df = 7, p = 0.9267)
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Fig. 2. Chelonia mydas. Size distribution of black turtles at
5 foraging areas off the Baja California Peninsula. Vertical
line at 77 cm SCL indicates approximate size at maturity.
Average size and standard deviation are given, as well as
percentage of juvenile and adult specimens. LOL: Laguna
Ojo de Liebre; PAO: Punta Abreojos; LSI: Laguna San

Ignacio; BMA: Bahía Magdalena; EPA: El Pardito

Site SCL (cm) Mass (kg) BCI
n Range Mean SD n Range Mean SD n Range Mean SD

LOL 143 38.5–88.8 59.7 10.4 143 9.1–99.8 31.9 18.0 143 0.83–2.01 1.32 0.16
PAO 604 32.1–95.5 58.7 10.5 584 7.3–108.9 29.8 17.9 584 0.67–2.30 1.34 0.17
LSI 220 38.2–82 52.7 7.7 218 6.8–79.4 20.0 10.9 218 0.80–2.03 1.27 0.23
BMA 169 38.8–85.6 57.7 8.8 165 7–80.7 27.2 12.9 165 0.85–1.68 1.32 0.15
EPA 59 45–92.1 66.0 11.1 59 12–104 41.8 22.4 59 1.04–1.69 1.38 0.13

Total 1195 1169 1169

Table 2. Chelonia mydas. Black turtle morphometric data measured at each site during the 5 yr of monitoring off the Baja
California Peninsula. SCL: straight carapace length; BCI: body condition index. LOL: Laguna Ojo de Liebre; PAO: Punta

Abreojos; LSI: Laguna San Ignacio; BMA: Bahia Magdalena; EPA: El Pardito 
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CPUE

CPUE was analyzed only at 4 sites; EPA was
excluded since we only had data for one year (2005). A
total of 6309 netting hours yielded 1183 captures of
1029 black turtles from all sites during the 5 yr of mon-
itoring (Table 1). Monthly CPUE at each of the sites
varied widely due to weather conditions, tides and
time of capture (Fig. 5); therefore, data must be inter-
preted with caution. In general, CPUE was highest at
PAO (mean = 17.35) and lowest at BMA (mean = 1.78)
throughout the sampling period.

DISCUSSION

In-water sea turtle monitoring is not
an easy task. Besides high costs and
complicated logistics, it depends
largely on weather conditions, site
selection, characteristics of the area
and experience of the participants.
While studying different foraging
areas along the Baja California Penin-
sula is a great opportunity to collect
valuable information about black tur-
tles, there are also inherent difficulties
related to the standardization of cap-
ture techniques and data collection.
For instance, all sites differed in area
(size) and oceanographic conditions,
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Effect df K p

ANOVA
SCL Site 4 117.272 <0.001
M Site 4 139.464 <0.001

Site Homogeneous groups
a b c

Post hoc tests
SCL EPA *

LSI *
LOL *
BMA *
PAO *

M EPA *
LSI *
LOL *
BMA *
PAO *

Table 3. Kruskal-Wallis ANOVA comparing straight carapace
length (SCL) and mass (M) of black turtles between the 5
monitoring sites in Baja California Sur. Results of the post hoc
comparison using the Kruskal-Wallis 2-sample ranking test.
Asterisks indicate homogeneous groups a to c. Site abbrevia-

tions as defined in Table 2 

Effect SS df MS F p

(a)
Site 1.049 4 0.2623 11.08 <0.001
Error 27.86 1177 0.02367

Site Effect SS df MS F p

(b)
LOL Year 0.3784 5 0.07568 2.672 0.024

Error 3.937 139 0.02832
PAO Year 0.6691 5 0.1338 6.475 <0.0001

Error 11.99 580 0.02067
LSI Year 1.181 5 0.2362 7.257 <0.0001

Error 6.964 214 0.03254
BMA Year 0.3445 5 0.0689 3.447 0.006

Error 3.218 161 0.01999
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Fig. 3. Chelonia mydas. Body condition index (BCI) of black
turtles at 4 sampling sites (site abbreviations as defined in
Fig. 2). The first column shows the average BCI over the
years, letters denote homogeneous groups according to
ANOVA (Table 2) and Tukey’s post hoc comparisons. The
second column shows seasonal comparisons at the same sites
(summer: May to October; winter: November to April).
Asterisks indicate significant differences according to 2-tailed

t-tests. *: p < 0.05; **: p < 0.01; ***: p < 0.001

Table 4. One-way ANOVAs comparing (a) average body condition index (BCI)
of black turtles between the 4 monitoring sites of Baja California Sur and (b)
comparing BCI between years at each site from 2001 to 2006. Results of Tukey’s
post hoc comparison are shown in Fig. 3. Site abbreviations as defined in Table 2
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which led to the use of different net dimensions, a
reduction in monitoring time (between 12 and 24 h)
and different net placement within each water body
(closer to the mouth of the lagoons or across channels
in the inner lagoon). All these factors influenced the
CPUE and must be considered when interpreting our
results.

Size-frequency distribution

Several authors have mentioned that juvenile black
turtles in the eastern Pacific Ocean shift from an
oceanic to a neritic phase at 35 to 40 cm SCL (Seminoff
2000, Seminoff et al. 2002, Nichols 2003, López-Mendi-
laharsu et al. 2005). However, these same authors have
mentioned that is rare to see turtles smaller than 46 cm
SCL in nearshore areas of the Baja California Penin-
sula like Bahía de Los Angeles and Bahía Magdalena.
In the present study, sizes from 30 to 46 cm SCL were
recorded at 4 of 5 study sites. This is not unexpected, as
most of the monitoring teams worked in protected,
shallow waters inside coastal lagoons where small tur-
tles tend to aggregate (Koch et al. 2007). In other
regions of the Pacific, black turtles recruit to foraging
areas at around 35 cm SCL (Balazs & Chaloupka 2004),
similar to the size we obtained.

In general, juvenile turtles accounted for more than
90% of the turtles in the 5 foraging areas. The smallest
mean SCL at LSI can be explained by the fact that the
monitoring site was located in the innermost part of the
lagoon. According to Koch et al. (2007), segregation by
size within foraging areas does occur, with smaller tur-
tles inhabiting the inner, more protected waters and
larger juveniles and adults residing farther out in
deeper, less protected waters. Larger juveniles and
adult turtles were most abundant at EPA, which may
be due to a higher percentage of adult turtles staying
in the Gulf of California on their way back to northern

41

Fig. 4. Chelonia mydas. Mean annual growth rate (error bars:
95% confidence intervals) of black sea turtles by site (site
abbreviations as defined in Fig. 2). Letters denote homo-
geneous groups as defined by ANOVA and Tukey's post hoc 

comparisons

Effect SS df MS F p

Site 19.435 3 6.4785 3.7973 0.0132
Error 139.899 82 1.7060

Table 5. One-way ANOVA comparing annual growth rate of
black turtles between 4 monitoring sites in Baja California Sur
(LOL, PAO, LSI, BMA; abbreviations as defined in Table 2).
Results of Tukey’s post hoc comparison are shown in Fig. 4
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foraging grounds after the reproductive season (Semi-
noff et al. 2003). On the other hand, the large area of
rocky outer coast in the Gulf of California could also
explain the presence of a higher proportion of adults,
as it is less protected than the coastal lagoon systems
on the Pacific coast and thus potentially more suitable
for larger turtles.

Body condition index

The mean BCI of turtles at the 5 sites was not very
different from year to year (usually between 1.2 and
1.4, except for Year 5 at LSI). Compared to earlier
work on the Baja California Peninsula, BCI was simi-
lar to that reported by Seminoff et al. (2003) of 1.42 ±
0.015 in the Gulf of California and Koch et al. (2007)
of 1.62 ± 0.348 in the Pacific (BMA), but higher than
that reported by Caldwell (1962) of 1.21 ± 0.023 for
black turtles in the Gulf of California. BCI were also
generally higher than values reported by Bjorndal et
al. (2000) for Caribbean green turtles, except for one
year when there was an exceptionally low turtle
abundance. After the population crash between the
1950s and the 1970s, nesting numbers of black turtles
decreased by over 95% in the eastern Pacific (Cliffton
et al. 1982, Alvarado-Diaz et al. 2001). Since that time,
food abundance should not have been a limiting fac-
tor for black turtles in Baja California, as numbers on
their coastal feeding grounds should have stayed well
below carrying capacity of the environment. This
could also explain the lower BCI values reported by
Caldwell (1962) in the early 1960s, as sea turtle abun-
dance was still an order of magnitude greater than
today. However, further studies on the carrying
capacity of the foraging areas on the Baja California
Peninsula need to be conducted to address this ques-
tion. It is interesting to note that black turtles at PAO,
the site with by far the highest CPUE and turtle abun-
dance, had BCI values no lower than those from other
sites. It seems they are well fed, which implies that
historic population numbers may have been even
greater, assuming that food availability would be
reflected in decreasing BCI as population numbers
reach carrying capacity. Few historic data exist, but
Townsend (1916) reported that a single haul from a
200 m long seine net in Bahía Tortugas, Baja Califor-
nia, brought in 162 turtles, and many more escaped
during the operation, indicating a very high popula-
tion density.

The seasonal differences in BCI can probably be
explained by temperature and food availability (Koch
et al. 2007). Winter temperatures below 18 to 20°C
make turtles sluggish; they forage less (Moon et al.
1997) and they may hibernate (Felger et al. 1976). Food

productivity and abundance are also much lower dur-
ing the winter months in Bahía Magdalena (Gonzalez
Ramos & Santos Baca 2005), and possibly so in the
other lagoons, although this has not been studied to
date.

The comparatively high BCI and very few incidences
of sick turtles (as inferred from external observations of
parasites, tumors, lesions and lack of a ‘healthy’
appearance) suggests that foraging areas in the Baja
California Peninsula still contain comparatively clean
water; the low human population density results in less
contamination (Aguirre & Lutz 2004). This is in contrast
to other areas in the Pacific such as Hawaii (Balazs &
Chaloupka 2004), California (MacDonald & Dutton
1990) and Australia (Limpus & Miller 1990, Raidal &
Prince 1996), where in some cases high infection rates
with fibropapilloma have been reported.

Annual growth rate

Few data exist on annual growth rate of black turtles
in the eastern Pacific. The most recent study was con-
ducted by Koch et al. (2007), who estimated a mean
annual growth rate of 1.62 cm yr–1 at BMA for black
turtles ranging from 45 to 67 cm SCL, taking into
account seasonal growth rate variations. Koch et al.
(2007) used a larger database of BMA turtles (without
considering other sites), including those caught by the
School for Field Studies from 2000 onwards, explaining
the slight difference to the growth rate found in the
present study (1.4 ± 0.7 cm yr–1). Black turtles from the
other 3 sites (LOL, LSI and PAO) grew faster, which
could have been caused by many factors including
food abundance and quality, population density, site
selection, age, sex, water temperature and health sta-
tus (Bjorndal et al. 2000, Seminoff et al. 2002). To
understand which combination of these factors caused
the observed differences, more in-depth studies on the
feeding ecology of black turtles at different sites are
necessary. One possible factor is the proportion of ani-
mal matter in the diet (though black turtles are mainly
herbivorous, they can rely on animal sources for food),
as a higher consumption of animal protein could
account for the observed differences in growth (Wood
& Wood 1981, Amorocho & Reina 2007, P. Dutton pers.
comm.).

Considering that the Mexican black turtle nesting
population declined by 95% from 1970 to the late
1990s (Alvarado-Diaz et al. 2001), it is hard to believe
that resource limitation due to high densities of turtles
could be affecting growth. However, human impact
has grown, especially in the past 2 decades, possibly
affecting abundance and quality of food resources for
black turtles. Other anthropogenic causes could be
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habitat loss and contamination, both of which can
reduce the health status of a population (Gardner et
al. 2003, 2006). Low quality and abundance of food
might also negatively influence the annual growth
rate of black turtles (Villegas-Nava 2006). Thus, while
density of sea turtles (and resource competition
among individuals) in this area must have been much
greater in the past (according to the total sea turtle
catch in this region during the 1970s; Márquez & Doi
1973, Márquez et al. 1982, Márquez 1990), the carry-
ing capacity of the environment may have changed
over time.

Though considerable regional variability in growth
rates of black turtles in the eastern Pacific has been
found (Seminoff et al. 2002), the case of black turtles at
BMA is intriguing; the BCI (1.32 ± 0.14) is similar to
that for other sites (except LSI), suggesting that
resource availability for individual turtles is compara-
ble among sites. However, the mean annual growth
rate of 1.4 cm yr–1 is low compared to the other sites,
suggesting that food quality, quantity or some other
resource differs in comparison to the other sampling
sites. It is interesting to note that BMA is the only site
on the Pacific coast that is not protected, the other 3
sites form part of the El Vizcaino Biosphere reserve.
Clearly, more studies on the abundance and composi-
tion of food resources and diet analysis at the different
foraging areas are needed to help answer this ques-
tion.

CPUE

Our CPUE data must be interpreted with care. It is
unlikely that capture probabilities are the same at the
4 sites, and they have possibly changed over time. We
do not know if turtles learn to avoid the net, and while
we had a lot of recaptures, we cannot rule out a bias in
our results caused by net avoidance. A thorough mark-
recapture analysis is really the only way to quantita-
tively compare sea turtle abundance among sites and
over time (Anderson 2001, Pollock et al. 2002), but as
the number of recaptures is relatively low, we need
more years of data to provide trustworthy results.

The high monthly variations in CPUE can be attrib-
uted to factors such as currents, weather and season.
However, there is a striking difference in mean an-
nual CPUE among the 4 sites studied from 2001.
CPUE at PAO was 4 to 10 times higher than at the
other sites. It is possible that this is a reflection of
better protection at PAO, since fishing is strictly reg-
ulated in Estero Coyote where the monitoring took
place. Illegal capture of turtles still exists in the area
and around 40 to 50 carapaces of recently dead tur-
tles were found in 2007 (Mancini 2009, Mancini &

Koch 2009). At the other sites, however, fishing is
less regulated and mortality through incidental cap-
ture and poaching is higher (Koch et al. 2006,
Mancini 2009, Mancini & Koch 2009). This may also
explain why CPUE at BMA is the lowest of all 4
sites: it is the most important fishing ground in the
state, but regulation of fisheries is still virtually
nonexistent, resulting in high incidental capture of
sea turtles. Additionally, there is significant mortality
caused by illegal capture for consumption (Gardner
& Nichols 2001, Koch et al. 2006, Peckham & Nichols
2006, Peckham et al. 2008).

Recapture of individuals and conservation
implications

Although some of the foraging areas in the Pacific
are relatively close (LSI and PAO are only approx.
40 km apart), we did not observe individuals marked
in one area that were later recaptured at another site.
Until now (after 10 yr of monthly monitoring in dis-
tinct foraging areas of the Baja California Peninsula
and almost 2000 captures as of mid-2009), we know of
only 2 ind. that have been tagged in one foraging
area and captured in another (Senko et al. 2010). This
indicates that there is low connectivity among the for-
aging areas of the Baja California Peninsula and is in
accordance with Aguirre & Lutz (2004) and Koch et al.
(2007), who found that young turtles show high
fidelity to their coastal feeding habitats. While we
cannot rule out the possibility that approximately
1000 marked turtles are not enough under the current
effort regime to detect migrants, we believe that
strengthening local protection is imperative to ensure
that more turtles reach maturity and reproduce in
order to recover sea turtle populations (Koch et al.
2007).
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