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INTRODUCTION

Long lifespans, late age at sexual maturity, and
complex life histories make acquiring data for accu-
rate assessments of sea turtle populations difficult
(National Research Council 2010). Nevertheless, reli-
able data for determining population trends and for-
mulating conservation plans are essential for the re-
covery of these imperiled species (Bjorndal et al.
2005). Traditionally, monitoring nesting beaches has
been the most widely used method for assessing and
monitoring the status of sea turtle populations
(Meylan 1995, Schroeder & Murphy 1999, Broderick
et al. 2006, Pfaller et al. 2013). However, since sea tur-
tles do not breed every year, the resulting inter-
annual variation in number of nesting females may

conceal changes in population size (Broderick et al.
2001). Additionally, the non-breeding female, male,
and juvenile components of the population are not
evaluated during nesting surveys (Chaloupka & Lim-
pus 2001), and all life stages of a population should be
measured to accurately evaluate population trends
(Butler et al. 1987). Conversely, surveys at earlier life
stages (juvenile and subadult) provide a more timely
and accurate method of measuring the effectiveness
of recovery actions (Butler et al. 1987, Bjorndal et al.
2005, National Research Council 2010). Therefore,
despite the costs and difficult logistics, critical in-
water sampling of sea turtle populations should aug-
ment nesting surveys (Chaloupka & Limpus 2001) to
understand current, and predict future, trends in sea
turtle populations (National Research Council 2010).
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ABSTRACT: Accurate assessments of sea turtle populations are essential for determining popula-
tion trends and formulating conservation plans for the recovery of these imperiled species.
Although counting nesting females and nests has been widely used to assess abundance, surveys
of in-water populations can provide a more effective means of measuring the success of recovery
actions. An in-water survey within the Pamlico-Albemarle Estuarine Complex of North Carolina,
USA, was begun in 1995 to monitor trends in sea turtle populations, and 3 sampling periods were
established: 1995−1997, 2001−2003, and 2007−2009. A significant increase in loggerhead Caretta
caretta captures was detected among the 3 sampling periods, while the addition of sampling in
2007−2009 (n = 887 unique individuals) revealed significant increases in capture rates of green
Chelonia mydas and Kemp’s ridley Lepidochelys kempii sea turtles. Species composition also
changed from a dominance of loggerheads in the early sampling periods to an equivalent propor-
tion of green and loggerhead sea turtles in 2007−2009; North Carolina stranding data displayed
similar changes in species composition during 2007−2009. Though logistically difficult, long-term
in-water studies are critical for monitoring trends in sea turtle populations and implementing
effective conservation plans.
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The largest estuarine system in the
southeastern USA, the Pamlico-Albe-
marle Estuarine Complex (PAE Com-
plex), comprises several coastal la -
goons separated from the ocean by
barrier islands and provides impor-
tant habitat for many juvenile marine
species (see Epperly et al. 2007 for a
detailed description). These estuarine
waters serve as important foraging
and developmental habitat for ben-
thic immature loggerhead Caretta
caretta, green Chelonia mydas, and
Kemp’s ridley Lepidochelys kempii
sea turtles (Epperly et al. 1995). Sea
turtles are present in these inshore
waters from April to December and
are frequently captured in pound
nets set behind the barrier islands
(Epper ly et al. 1995). Pound nets are
a passive, stationary fishing gear
(Higgins & Pearson 1928). During
autumn and early winter (Septem-
ber− December), when pound nets
are set to capture flounder, many
intercept sea turtles leaving the sounds (Epperly et
al. 2007). As these nets are passive gear that allow
turtles to surface to breathe, they provide an excel-
lent method of sampling sea turtles.

Because of the large number of turtles in the PAE
Complex and their accessibility from pound nets, an
in-water survey was begun in 1995 to monitor trends
in sea turtle populations (Epperly et al. 2007). Based
on sea turtle captures in pound nets in the PAE Com-
plex sampled from 1995 to 1997 and 2001 to 2003,
Epperly et al. (2007) reported an increase in logger-
head catch rates of 13% of the 1995 catch per unit
effort (CPUE) per year; however, they did not detect
a trend in catch rates for green or Kemp’s ridley tur-
tles. In this paper, we include results from a third
sampling period, 2007−2009, to examine long-term
trends in catch rates, species composition, and size
distribution.

MATERIALS AND METHODS

We randomly selected pound net fishers every
week from the North Carolina Division of Marine
Fisheries’ registration file. Four observers (1 based
on Hatteras Island, 1 on Ocracoke Island, and 2 in
Car teret County; Fig. 1) attempted to sample 3 fish-
ing trips each per week, resulting in 12 sampling

trips per week. Although the samplers attempted to
complete 12 trips each week of the study, at times
this was not possible because either (1) fishers were
not fishing due to factors such as adverse weather
conditions and crew availability or (2) all fishers
were active on the same day/s during a given week
and samplers could only complete 1 fishing trip per
day. During the first 2 sampling periods (1995−1997
and 2001−2003), surveys lasted 13 wk (from mid-
September to mid-December) (Epperly et al. 2007);
however, because of a season closure of the com-
mercial harvest of flounder in internal coastal
waters from December 1 to 31 beginning in 2005
(FF-41-2005; www.ncfisheries.net/procs/procs2k5/FF-
41-2005.htm), the 3rd sampling period (2007−2009)
las ted 11 wk. Therefore, we restricted data analysis
to the 11 comparable weeks among sampling peri-
ods. Multiple pound nets are often connected
together into a set, and during a fishing trip, we
recorded location and registration number of the set
and number of pounds per set so that catch rate
analyses could be conducted by pound net or set
(see Epperly et al. 2007 for a detailed description of
this fishery). We also recorded soak time, or length
of time since the nets were last fished, so that we
could calculate fishing effort. We collected water
temperature data at the beginning of each trip using
calibrated thermometers and recor ded species and
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Fig. 1. Pamlico-Albemarle Estuarine Complex, NC, USA, showing the loca-
tions of sets sampled 1995−2009. Albemarle and Currituck sounds are to the 

north and are not shown
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number of turtles captured. Weekly aerial surveys
were flown to count the total number of pounds
being fished to calculate the proportion of total fish-
ing effort we were sampling.

Captured turtles were brought onboard and
checked for identification tags. If none were found,
an Inconel tag was applied to each rear flipper and a
125 kHz passive integrated transponder (PIT) in jec -
ted into 1 front flipper. We did not apply Inconel tags
to turtles with straight carapace length notch to tip
(SCLn−t) (Bolten 1999) less than 25 cm. Because of
the low probability of losing all 3 tags (Braun McNeill
et al. 2013), we were confident in our ability to iden-
tify recaptures. We measured SCL to identify life
stages captured and to determine if shifts in size dis-
tributions were occurring. For each species, we com-
pared each sampling year’s mean SCL and size fre-
quency distributions using parametric (ANOVA) and
non-parametric (Kolmogorov-Smirnov, KS) statistics,
respectively (SAS® Ver. 9.1 NPAR1WAY procedure).

During 2008 and 2009, permit restrictions preven -
ted us from measuring turtles or using conventional
(Inconel, PIT) tagging methods, but we were still able
to confidently identify recaptures using photo identi-
fication (Goodman Hall & Braun McNeill 2013). We
removed all subsequent within-year recaptures
when calculating annual number of turtles captured
by species; however, we retained all recaptures be -
tween years, considering them unique captures.
Because of the large number of zeros in the data set,
we used the delta-lognormal estimator (Pennington
1983) to estimate the mean and variance of sea turtle
CPUE. We assumed set was the independent vari-
able, because sets are fixed in space and randomly
selected; however, the number of pounds and soak
days differs by set. All mean, variance, and confi-
dence intervals of CPUE estimates were implemen -
ted in MATLAB (Ver. R2015b). Our MATLAB imple-
mentation consisted of first calculating the mean and
variance of the natural logarithm of the non-zero por-
tion of the data set. Using this mean and variance,
with counts of the total number of zeros, the total
number of non-zero points, and a tolerance value
(for precision, see later in this paragraph), we used
Eqs. (2) & (4) from Pennington (1983) (see our
 MATLAB function deltLog.m in Supplement 1 at
www. int-res. com/ articles/ suppl/ n036 p315 _ supp. pdf)
to estimate the delta-lognormal mean (dm) and
delta-lognormal variance (dv), respectively. Our delt-
Log function calls another function, G.m (in Supple-
ment 2), which implements Eq. (3) from Pennington
(1983). This G function needs a tolerance value,
which we set at 21, yielding the maximum precision

of 15 significant digits. Finally, assuming the sample
was large, we estimated the lower 95% confidence
interval as dm/dc and the upper confidence interval 

as dm × dc, where dc = . Likewise, the

coefficient of variation (CV) was estimated in the 

usual way, as CV = . We used linear regression

(SAS® Ver. 9.1) to determine if significant changes
had occurred in annual mean CPUEs for each spe-
cies, using a significance level α = 0.05.

RESULTS

A majority (98.5%) of captured turtles were juve-
niles (according to adult sizes reported by the respec-
tive species recovery plans), re-emphasizing the
importance of this habitat to juvenile sea turtles. As
stated in ‘Materials and methods’, we restricted all
analyses to Weeks 1 to 11 of all 3 sampling periods
(1995−1997, 2001−2003, and 2007−2009). Although
fishing effort (sets and pound nets counted) within
each sampling period usually peaked during Weeks
7 to 10, the number of sets being fished noticeably
declined among sampling periods (Fig. 2). For exam-
ple, from 1995 to 1997, 7045 sets were being fished;
however, from 2007 to 2009, that number had
dropped to 2579 sets. As a result of this decline in
fishing effort, the number of sets we sampled in
2007−2009 (n = 804) likewise decreased from that
sampled in 1995−1997 (n = 1043). Despite this
decrease in total sets sampled, how ever, the total

e
dm

dv
1 96 1

2
. ln( )× +

dv
dm

2

317

Fig. 2. Weekly fishing effort (sets counted) and sampling ef-
fort (sets sampled) in the North Carolina autumn pound net
fishery south of Oregon Inlet, September to November
1995−1997, 2001−2003, and 2007−2009. Sets were counted
during weekly aerial surveys of the Pamlico-Albemarle Es-
tuarine Complex. Week 1 begins in mid-September (Sep-
tember 14−17), Week 11 ends at the end of November

http://www.int-res.com/articles/suppl/n036p315_supp.pdf
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number of turtles captured in 2007−2009 (n = 946)
nearly doubled that captured in 1995−1997 (n = 447)
(Table 1) and comprised 44% of the overall turtle
catch (1995−2009; n = 2150). We also recorded dead
turtles: 3 loggerheads, 31 green, and 1 Kemp’s ridley;
however, these turtles were not included in the
analyses. After removal of within-year recaptures
(6.4% of total captures), we used the unique 1265

loggerhead, 602 green, and 146 Kemp’s ridley cap-
tures (Table 1) for all subsequent analyses.

Mean CPUEs (captures per set per day) by year for
loggerhead turtles ranged from 0.015 (95% CI =
0.009−0.025) in 1995 to 0.085 (95% CI = 0.057−0.126)
in 2009 (Fig. 3A), a 467% increase. The CV for the
annual CPUE estimates ranged from 0.19 (2001) to
0.28 (1995). During the first 2 sampling pe riods

(1995− 1997 and 2001−2003), mean an nual
CPUEs increased significantly (CPUE =
−8.68 + 0.0044 × year, R2 = 0.99, p < 0.001)
(Epperly et al. (2007). Using only Weeks 1
to 11 and including the 2007−2009 data,
mean CPUE continued to display an
increasing trend (CPUE = −5.72 + 0.0029 ×
year, R2 = 0.51, p = 0.031) from 1995 to 2009;
however, this may have been due to the
substantial increase in CPUE for 2009, as
CPUE had declined (2007) or remained un -
changed (2008) compared to previous years
(Fig. 3A). Mean CPUEs for green  turtles
ranged from 0.0025 (95% CI = 0.0013−
0.0047) in 1997 to 0.085 (95% CI = 0.053−
0.138) in 2007 (Fig. 3B), a 4250% increase;
CVs ranged from 0.20 (2008) to 0.46 (2003).
Although Epperly et al. (2007) did not
detect a trend in mean CPUE for green tur-
tles, using only Weeks 1 to 11 and including
the 2007−2009 data resulted in an increas-
ing trend in mean green turtle CPUE (CPUE
= −7.64 + 0.0038 × year, R2 = 0.54, p = 0.024)
from 1995 to 2009 (Fig. 3B). Mean CPUE for
Kemp’s ridley turtles ranged from essen-
tially zero (1.19 × 10−5; 95% CI = 2.32 ×
10−6− 6.07 × 10−5) in 1995 (Epperly et al.
2007) to 0.010 (95% CI = 0.005−0.017) in
2009 (Fig. 3C), and CVs ranged from 0.31
(2009) to 0.66 (1996). We likewise detected
an increasing trend in annual CPUEs
(CPUE = −0.93 + 0.0005 × year, R2 = 0.61, p =
0.013) for Kemp’s ridleys from 1995 to 2009
(Fig. 3C).

In addition to the increase in capture rates
for all 3 sea turtle species, we also detected
a noticeable shift in species composition
over the entire sampling pe riod. During the
latter part of the sampling period (2007−
2009), the percentage of loggerheads de -
creased while that of greens and Kemp’s
ridleys increased (Table 1).

Loggerhead turtles ranged in size from
41.4 to 102.5 cm SCL, with a median of
62.9 cm and a mean of 62.7 cm (SD = 7.68,
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Year Total Recaptures Estimated Species 
captured within year total composition

unique each sampling 
individuals period (%)

Caretta caretta
1995 99 7 92
1996 87 4 83 73
1997 147 (1) 2 145
2001 244 30 214
2002 201 16 185 73
2003 133 (1) 10 123
2007 82 2 80
2008 182 (1) 18 164 48
2009 203 24 179
Total 1378 113 1265

Chelonia mydas
1995 41 1 40
1996 30 (3) 0 30 24
1997 28 (3) 1 27
2001 61 (4) 5 56
2002 40 (4) 0 40 19
2003 25 (2) 0 25
2007 143 (8) 2 141
2008 104 (6) 8 96 43
2009 151 (1) 4 147
Total 623 21 602

Lepidochelys kempii
1995 1 0 1
1996 4 1 3 3
1997 10 0 10
2001 28 (1) 1 29
2002 18 0 18 8
2003 7 0 8
2007 9 0 9
2008 31 1 30 9
2009 41 0 41
Total 149 3 146

Table 1. Total number of loggerhead, green, and Kemp’s ridley sea tur-
tles captured, number of recaptures, estimated total unique individuals
(total captured minus recaptures), and species composition in the North
Carolina pound net fishery, September to November 1995−2003 (Ep-
perly et al. 2007) and 2007−2009; recaptures between years (n = 15)
were retained. Estimated total unique individuals from 1995 to 2007 in-
clude 36 loggerhead and 1 green turtle that escaped before it could be
determined if they had tags; estimated total unique individuals from
2008 to 2009, when photo identification was used, include 25 logger-
head, 11 green, and 10 Kemp’s ridley turtles for which image quality
was poor or no image was available by which to identify them. Turtles 

encountered dead in the net are shown in parentheses
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n = 867) (Fig. 4). Mean size and size distribution var-
ied significantly among years (ANOVA, F = 14.6148,
p < 0.0001, df = 6; KS = 0.140767, p < 0.0001, n = 867).
As stated in ‘Materials and methods’, permit restric-
tions only allowed us to include size data for 2007;
even so, loggerheads captured during 2007 contin-
ued demonstrating the significant size shift revealed
in Epperly et al. (2007). At the beginning of the study,
the predominant size class was 55 to 59 cm, while this
predominance shifted to 60−65 cm during 2002−
2003. In 2007, predominant size classes were 60 to 65
and 65 to 70 cm (Fig. 4). Green turtles ranged in size
from 20.6 to 79.6 cm SCL, with a median of 30.0 cm

and a mean of 32.2 cm (SD = 9.28, n = 336) (Fig. 5).
Mean size and size distribution of green turtles var-
ied significantly among years (ANOVA, F = 3.1715,
p < 0.005, df = 6; KS = 0.190289, p < 0.0001, n = 336),
and there was a shift toward smaller turtles in 2007.
During the first 2 sampling periods, the predominant
size class was 30 to 35 cm, with the exception of 1996
when the predominant size class was 25 to 30 cm.
However, during 2007, the predominant size class
shifted to 25− 30 cm. Kemp’s ridley turtles ranged in
size from 25.6 to 56.3 cm SCL, with a median of
41.8 cm and a mean of 41.9 cm (SD = 7.47, n = 72)
(Fig. 6). Mean size and size distribution of Kemp’s did
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Fig. 3. Annual mean catch per unit effort (CPUE) by year for
(A) loggerhead, (B) green, and (C) Kemp’s ridley sea  turtles
in eastern Pamlico, Core, and Back sounds, NC,  September
to November 1995−1997, 2001−2003, and 2007−2009. Bars
indicate 95% confidence limits. Note that the ordinate scales 

differ by species

Fig. 4. Annual size frequency distributions of loggerhead
sea turtles captured in eastern Pamlico, Core, and Back
sounds, NC. (A) 1995−1997, (B) 2001− 2003, and (C) 2007.
During 2008 and 2009, permit restrictions prevented us from
handling the turtles. SCL: straight carapace length; µ: mean.
Individuals at the junction of 2 size increments were placed 

in the larger increment
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not vary significantly among years (ANOVA, F =
2.0813, p < 0.1, df = 4; KS = 0.175059, p < 0.1, n = 73),
nor was there any significant shift in size class among
the 3 periods, likely due to the small sample size.

DISCUSSION

Trends in sea turtle populations derived from cap-
ture rates of fishery-dependent sampling are essen-
tial for sea turtle population assessments (Epperly et
al. 2007, Arendt et al. 2012, Silva et al. 2017). In this
study, we identified obvious increases in capture

rates for all 3 species during a 15 yr span (1995−
2009). To infer that population abundance is likewise
increasing for these 3 species, we must operate under
the assumption that capture rates are proportional to
abundance. Numerous factors can affect the relation-
ship of capture rates and abundance, including vari-
ability of fishing operations, gear efficiency, species
targeting, and non-random sampling effort (Walters
2003). From 1995 to 2009, we observed no changes in
fishing gear or fishing methodology; therefore, vari-
able fishing operations and gear efficiency were not
factors affecting capture rates. Additionally, the fish-
ery was not targeting sea turtles; consequently, fish-
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Fig. 5. Annual size frequency distributions of green sea tur-
tles captured in eastern Pamlico, Core, and Back sounds,
NC. (A) 1995−1997, (B) 2001−2003, and (C) 2007. During
2008 and 2009, permit restrictions prevented us from han-
dling the turtles. SCL: straight carapace length; µ: mean. In-
dividuals at the junction of 2 size increments were placed 

in the larger increment

Fig. 6. Annual size frequency distributions of Kemp’s ridley
sea turtles captured in eastern Pamli co, Core, and Back
sounds, NC. (A) 1995−1997), (B) 2001−2003, and (C) 2007.
During 2008 and 2009, permit restrictions prevented us from
handling the turtles. SCL: straight carapace length; µ: mean.
Individuals at the junction of 2 size increments were placed 

in the larger increment
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ing effort did not vary with turtle captures. However,
because the probability of capturing a sea turtle
likely was associated with the number of nets in the
water, catchability could be related to effort. Like-
wise, although fishers were randomly selected, and
turtles were caught passively, the nets were not
placed randomly in the sounds but rather where
flounder catches were thought to be greatest; thus,
there might be a co-occurrence of sea turtles and
flounder.

Most (98.5%) of the turtles captured were juveniles
and represent a certain proportion of the overall pop-
ulation. Thus, we are also making the assumption that
increasing capture rates of juvenile sea turtles in
North Carolina sounds represented a similar increas-
ing trend in other western Atlantic sea turtle popula-
tions and compare our trends to population trends of
other abundance studies. Our loggerhead capture
rates increased significantly throughout this 15 yr pe-
riod, indicating a potential increase in loggerhead
abundance. In a similar long-term study of sea turtles
in Florida estuarine waters, Ehrhart et al. (2007) docu-
mented increases in loggerhead capture rates during
the 24 yr study, though with no apparent trend. How-
ever, they did observe that a significant increase oc-
curred during the last 4 yr of the study but cautioned
that these were not enough data to establish a trend.
Similarly, in a long-term trawling study in coastal wa-
ters from Florida to South Carolina, Arendt et al.
(2012) recorded stable catch rates of loggerheads
from 2000 to 2011 but also were not able to detect a
significant trend. Finally, an increase in captures of
loggerheads (11% yr−1 from 1988 to 2005) within the
St. Lucie Power Plant’s intake canal (on Hutchinson
Island, Florida) was noted in an assessment of the log-
gerhead population in the western North Atlantic
Ocean (Turtle Expert Working Group 2009).

Despite these encouraging trends in loggerhead
abundance derived from in-water studies, there is
concern about notable decreases in nests of all west-
ern North Atlantic loggerhead subpopulations dur-
ing this same time period (Turtle Expert Working
Group 2009). In particular, the peninsular Florida
subpopulation, which contains 80% of all nesting in
the western North Atlantic, has seen a 29 to 37%
decrease in annual number of nests from 1989
to 2006 (Witherington et al. 2009). While several
hypotheses have been proposed as to the reasons
for this decline, no definitive explanation could be
derived; however, this decline in nests and conse-
quential decline in hatchlings will likely result in
depressed recruitment during the coming decades
(Turtle Expert Working Group 2009)

The inclusion of 2007−2009 data documented a sig-
nificant increase in capture rates of juvenile green
turtles from 1995 to 2009 in North Carolina estuarine
waters. Increased captures of green turtles were also
recorded in Florida, at the Indian River Lagoon site
from 1982 to 2006 (Ehrhart et al. 2007) and at the St.
Lucie Power Plant site from 1977 to 2002 (Withering-
ton et al. 2006). The majority of turtles captured
within this North Carolina foraging aggregation are
post pelagic and derive from rookeries in the USA
and Mexico (Bass et al. 2006). Thus, when consider-
ing an average oceanic stage duration of 3 yr (Goshe
et al. 2010), this leads to a conclusion that our in -
crease in juvenile green sea turtle captures is likely a
reflection of the decades-long exponential increase
in green turtle nesting rookeries (Chaloupka et al.
2008, Seminoff et al. 2015).

Conversely, in a capture-mark-recapture study of 2
green turtle foraging grounds in the Bahamas, Bjorn-
dal et al. (2005) did not detect a significant change in
abundance in Union Creek from 1978 to 2001; how-
ever, the foraging population in Conception Creek
increased significantly from 1979 to 1985, decreased
from 1985 to 1994, and remained stable from 1994 to
2001. The authors attributed these changes in abun-
dance to changes in immigration rather than survival
or emigration. However, the changes in ab undance
they documented on the foraging grounds did not
relate to the significant increasing nesting trends for
the source rookery at Tortuguero, Costa Rica. Conse-
quently, Bjorndal et al. (2005) highlighted the need
for extensive (aerial or vessel) surveys in conjunction
with intensive (capture-mark- recapture) surveys for
monitoring population-wide trends of long-lived spe-
cies, such as the green sea turtle.

Epperly et al. (2007) documented an increase in
Kemp’s ridley captures during 2001 and 2002, but
because of so few captures in 2003, no conclusive
trend in Kemp’s ridley abundance could be deter-
mined. In contrast, we recorded an increase in cap-
ture rates during 2008 and 2009, suggesting a pos -
sible increase in population abundance. Through
protective conservation measures (prohibiting egg
harvest in the 1970s and reducing incidental takes of
sea turtles in trawlers in the 1990s), Kemp’s ridleys
experienced exponential growth in number of nests
through 2009 (NMFS, USFWS 2015). As age of sexual
maturity is estimated to be 12 yr (Avens et al. 2017),
the increase in capture rates of Kemp’s ridleys we
observed (all of which are juveniles) may be a result
of the exponential growth of the Kemp’s ridley nest-
ing population. However, in 2010, concurrent with
the Deepwater Horizon oil spill, the Kemp’s ridley
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nesting population experienced a decrease of 30%
compared to the previous year, and because of an
additional decrease in 2014, there are concerns
about population recovery (NMFS, USFWS 2015). It
would be instructive to see if the juvenile population
in our study site followed this trend, with capture
rates declining in 2017, as those turtles which had
hatched since the 2014 nesting season began to
recruit to nearshore waters. Interestingly, since the
decrease in 2014, encouraging increases in number
of nests have occurred in both Texas and Mexico. In
fact, nest numbers in creased 90% in Texas and 30%
in Mexico during the 2017 season (D. Shaver, US
National Park Service, pers. comm.), suggesting that
our increase in capture rates of the juvenile popula-
tion may be reflected in the adult population with a
corresponding increase in nesting numbers.

Notably, we found a distinct shift in species compo-
sition during the 15 yr span. From 1995 to 1997, log-
gerheads were the dominant species, comprising
75% of our sea turtle foraging population. However,
from 2007 to 2009, green turtle captures had in -
creased so that the percentage of greens (42%) was
comparable to loggerheads (49%). North Carolina
stranding data showed a similar pattern (M. Godfrey,
North Carolina Wildlife Resources, pers. comm.)
(www.seaturtle.org/strand/summary). In 1998, when
stranding data collection became systematic, logger-
heads made up a greater percentage (68%) of
stranding totals and ranged from 65 to 80% through
2006. However, in 2007, the number of stranded
green turtles (n = 141) nearly doubled that of the
annual average (mean, μ = 73, 1998−2006), and,
except for 2011 and 2012, the percentage of stranded
green turtles has surpassed that of loggerheads
every year since. The percentage of stranded Kemp’s
ridleys has also increased since 1998 (range: 9−34%,
μ = 18%). Both stranding and in-water capture data
reveal an increased representation of green and
Kemp’s ridley sea turtles in the waters of coastal
North Carolina.

Although we were able to collect only 1 more year
of SCL data (2007), the shift toward an increase in
larger-sized loggerheads as noted in Epperly et al.
(2007) was again apparent, with >75% of loggerheads
larger than 60 cm in 2007 compared to 40% in 1995.
Loggerheads in Florida’s estuarine waters (Ehr hart et
al. 2007) and coastal waters from Florida to South Car-
olina (Arendt et al. 2012) demonstrated similar shifts
in size. Ehrhart et al. (2007) documen ted an increase
in the median size of loggerheads from 1982 to 1989
and from 1998 to 2005; however, from 1990 to 1997,
the median size declined by 4 cm. Arendt et al. (2012),

in a study from 2000 to 2011, described this shift
in size as an increase in frequen cy of a larger
(75.1−80 cm) size class, noting that loggerhead cap-
tures of this size represented only 2% of the popula-
tion in 2000 but had increased nearly 10 times that
much in 2011. Their explanation for the increased fre-
quency of this size class included an assumption of
11 yr (Conant et al. 2009) and 50 cm min SCL (notch to
notch) (Bjorndal et al. 2003) as average age and size at
recruitment, respectively. By adding an additional
17.4 yr to reach 80 cm (Braun-McNeill et al. 2008),
they theorized that loggerheads in the 75.1− 80 cm
size class captured in 2011 had likely hatched in the
mid- to late 1980s, a time of increased nest counts
(Witherington et al. 2009). Thus, the shift toward an
increase in larger-sized loggerheads may represent
the growth of a dominant cohort in the population.

Although a shift in size of Kemp’s ridleys could not
be detected (likely because of a small sample size),
mean size and size distribution of green turtles var-
ied significantly among years, and there was a shift
toward smaller turtles in 2007. This increase in the
number of smaller turtles likewise reflects the
decades- long increase in green turtle nesting as post
hatchlings move into the neritic environment.

Because of the complex life cycle of sea turtles,
conducting accurate assessments of sea turtle popu-
lations is difficult, requiring long-term studies that
include multiple life stages (Chaloupka & Limpus
2001, Heppell et al. 2003, National Research Council
2010). However, high cost and logistical difficulty
make these all-encompassing studies challenging to
execute; consequently, most population studies are
focused on a single life stage in a particular location.
Because assessing sea turtle populations from just a
single site cannot accurately reveal population
trends, establishing a network of in-water study sites
within both neritic and oceanic habitats to monitor
in-water population abundance and trends is essen-
tial (NMFS, USFWS 2008), and data can then be
extrapolated to determine how populations will react
to perturbations (Heppell et al. 2003).

Our in-water research focused on the neritic juve-
nile life stage of 3 species of sea turtles (loggerhead,
green, and Kemp’s ridley) and detected a discernible
increase in the capture rate of all 3 species from 1995
to 2009. Despite this encouraging increase, caution
should be exercised when interpreting these data.
Catch rates displayed substantial inter-annual vari-
ability, demonstrating the highly variable nature of
ratio estimators when applied to relatively rare event
data. In addition, total effort in the pound net fishery
declined during the study, potentially reducing the
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relative number of available traps for turtles and
changing capture probabilities. Moreover, given the
delayed sexual maturity of sea turtles, 15 yr likely
does not capture definitive trends in sea turtle popu-
lations; thus, in-water research should continue for
several decades so that actual trends can be detec -
ted. Nevertheless, this sampling enabled us to detect
a statistically significant increase in capture rates for
all 3 sea turtle species, along with obvious changes in
species composition of the foraging sea turtle com-
munity in the PAE Complex. In addition, our study
was key in acquiring a better understanding of sea
turtle population dynamics in this region. We recom-
mend continuing in-water research at several sites
along the coast to acquire a better understanding of
sea turtle population dynamics in this region, so that
more effective recovery and management plans for
these species can be implemented.
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