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Figure 3.1. Loggerhead sea turtles were captured by trawling in a coastal survey between 

Winyah Bay, SC (33.1°N) and St. Augustine, FL (29.9°N) during 2000–2003 and 2008–

2013, nearly the same coastline as between Cape Island, SC (CPI), Cumberland Island, 

GA (CMB), and Anastasia State Park, FL (ANA).  Soil temperatures from two 

reconstructed climate data sets (JRA-55, ERA-20C) were evaluated at these three areas as 

well as Daytona Beach, FL (DAY); Melbourne Beach, FL (MEL); Boca Raton, FL 

(BOC); Keywadin Island, FL (KEY); Siesta Key, FL (SIE); and Cape San Blas, FL 

(CSB) which collectively encompass >95% of range of nesting habitat for loggerhead sea 

turtles in the NW Atlantic population. 
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Figure 3.2. Annual female frequency (%; black circle) and 95% confidence intervals 

(upper = black dashed line; lower = gray dashed line) for five loggerhead sea turtle size 

groups (A = min to 19th percentile; B = 20th to 39th percentile; C = 40th to 59th percentile; 

D = 60th to 79th percentile; E = 80th percentile to max) and overall (F). 
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Figure 3.3. Annual percent departure from the grand mean (y-axis) and DPS-weighted 

departure from the grand mean (secondary y-axis) was computed for nine spatial areas 

encompassing >95% of annual nesting for loggerhead sea turtles in the NW Atlantic to 

assess temporal trends in the probability of increasing (positive y-axis) or decreasing 

(negative y-axis) male-bias.  Bars in panels A (ERA-20C) and C (JRA-55) correspond to 

four ‘north’ areas as follows: Cape Island, SC (red); Cumberland Island, GA (green); 

Anastasia State Park, FL (yellow); and Daytona Beach, FL (blue).  Bars in panels B 

(ERA-20C) and D (JRA-55) correspond to five ‘south’ areas as follows: Melbourne 

Beach, FL (red); Boca Raton, FL (green); Keywadin, FL (yellow); Siesta Key, FL (blue); 

and Cape San Blas, FL (gray).  In all panels, the black dashed line depicts the annual 

DPS-weighted impact associated with the bars and hence the secondary y-axis is scaled 

accordingly for ‘north’ and ‘south’ areas. 
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Figure 3.4. Annual DPS-weighted anomalies in incubation duration (closed circle) in the 

context of cumulative change since series origin (open circle) revealed a smooth temporal 

oscillation between 1900 and 2010 in reconstructed soil temperature data ‘north’ (panels 

A,B) and ‘south’ (panels C,D) of Cape Canaveral, Florida.  Significant correlation was 

noted between the AMO (gray bars, panels A & C) and annual incubation duration 

anomalies for both ‘north’ and ‘south’ areas, but the AMO was only correlated with the 

cumulative anomaly for the ‘north’ area.  Significant correlation was also noted between 

the NAO (gray bars, panels B & D) and annual incubation duration anomalies for both 

‘north’ and ‘south’ areas, but the NAO was only correlated with the cumulative anomaly 

for the ‘south’ area. 

 

  

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

-60

-48

-36

-24

-12

0

12

24

36

48

60

1
9
0
0

1
9
0
4

1
9
0
8

1
9
1
2

1
9
1
6

1
9
2
0

1
9
2
4

1
9
2
8

1
9
3
2

1
9
3
6

1
9
4
0

1
9
4
4

1
9
4
8

1
9
5
2

1
9
5
6

1
9
6
0

1
9
6
4

1
9
6
8

1
9
7
2

1
9
7
7

1
9
8
2

1
9
8
7

1
9
9
2

1
9
9
6

2
0
0
1

2
0
0
6

A
tla

n
tic

 M
u

lti-d
e

c
a

d
a

l O
s

c
illa

tio
n

 (A
M

O
)

P
c

t 
c

h
a

n
g

e
 f

ro
m

 g
ra

n
d

 m
e

a
n

 i
n

c
u

b
a

ti
o

n
 d

u
ra

ti
o

n

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-60

-40

-20

0

20

40

60

1
9
6
0

1
9
6
2

1
9
6
4

1
9
6
6

1
9
6
8

1
9
7
0

1
9
7
2

1
9
7
5

1
9
7
7

1
9
8
0

1
9
8
2

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
2

1
9
9
4

1
9
9
6

1
9
9
8

2
0
0
1

2
0
0
3

2
0
0
6

2
0
0
9

N
o

rth
 A

tla
n

tic
 O

s
c
illa

tio
n

 (N
A

O
)

P
c
t 

c
h

a
n

g
e
 f

ro
m

 g
ra

n
d

 m
e
a
n

 i
n

c
u

b
a
ti

o
n

 d
u

ra
ti

o
n

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

-600

-450

-300

-150

0

150

300

450

600

1
9
0
0

1
9
0
4

1
9
0
8

1
9
1
2

1
9
1
6

1
9
2
0

1
9
2
4

1
9
2
8

1
9
3
2

1
9
3
6

1
9
4
0

1
9
4
4

1
9
4
8

1
9
5
2

1
9
5
6

1
9
6
0

1
9
6
4

1
9
6
8

1
9
7
2

1
9
7
7

1
9
8
2

1
9
8
7

1
9
9
2

1
9
9
6

2
0
0
1

2
0
0
6

A
tla

n
tic

 M
u

lti-d
e
c
a
d

a
l O

s
c
illa

tio
n

 (A
M

O
)

P
c
t 

c
h

a
n

g
e
 f

ro
m

 g
ra

n
d

 m
e
a
n

 i
n

c
u

b
a
ti

o
n

 d
u

ra
ti

o
n

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-600

-400

-200

0

200

400

600

1
9
6
0

1
9
6
2

1
9
6
4

1
9
6
6

1
9
6
8

1
9
7
0

1
9
7
2

1
9
7
5

1
9
7
7

1
9
8
0

1
9
8
2

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
2

1
9
9
4

1
9
9
6

1
9
9
8

2
0
0
1

2
0
0
3

2
0
0
6

2
0
0
9

N
o

rth
 A

tla
n

tic
 O

s
c

illa
tio

n
 (N

A
O

)

P
c

t 
c

h
a

n
g

e
 f

ro
m

 g
ra

n
d

 m
e

a
n

 i
n

c
u

b
a

ti
o

n
 d

u
ra

ti
o

n

A B

C D



 

101 

 

importance of factors other than just conservation actions.  Similarly, Chaloupka (2001) 

reported variation in egg productivity among green sea turtle rookeries in Southeast Asia 

as a result of environmental stochastity and suggested the need to validate population 

models accordingly.   Bottom-up regulation of foraging ground productivity and annual 

nesting for leatherback (Wallace et al., 2006; Saba et al., 2008) and loggerhead 

(Chaloupka et al., 2008a) sea turtles has also been demonstrated in the North Pacific 

Ocean.  However, recent increases in leatherback sea turtle nesting in the NW Atlantic 

(Robinson et al., 2014) despite longline fishery interactions occurring twice as frequently 

in this basin as compared to the North Pacific (Lewison et al., 2004) reinforce that 

anthropogenic impacts are superimposed on environmental influences, not vice-versa. 

The need to conduct in-water monitoring of relative abundance concurrent with 

demographic studies is well-documented (Braun-McNeill et al., 2007; NRC, 2010).  

However, because of greater expense and logistical demands associated with in-water 

research, a proliferation of coordinated studies has not manifested despite the best 

intentions of some resource management agencies for this to occur7.  Consequently, only 

a handful of long-term in-water studies exist for examining temporal trends, with the 

longest running in-water studies located at the intake canal for the St. Lucie Power Plant8 

near Jensen Beach, FL as well as in the Indian River Lagoon adjacent to the Archie Carr 

National Wildlife Refuge (Ehrhart et al., 2007).  Other studies are characterized by 

intermittent sampling (Epperly et al., 2007); however, this approach is associated with 

                                                 
7 Developing a statewide program of in-water monitoring of sea turtles in Florida. Florida Fish and Wildlife 

Conservation Commission. Online (accessed 18 January 2016): http://myfwc.com/research/wildlife/sea-

turtles/research/in-water-monitoring/ 

 
8 In-Water Research Group (IRG), St. Lucie Power Plant Project. Online (accessed 18 January 2016): 

http://inwater.org/projects/projects-overview/st-lucie-power-plant-sea-turtle-program/ 
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Appendix A. Relationship between sex ratio and survival across the range of nest 

temperatures reported for loggerhead sea turtles. Assuming equal nesting effort 

(measured as 100 individuals) across the known range (Godley et al. 2001, Matsuzawa et 

al. 2002) of incubation temperatures (x-axis), the transition temperature range (black line) 

for loggerhead sea turtles in the NW Atlantic DPS (Yntema and Mrosovsky 1982) should 

produce a two males per female egg.  When a theoretical survival curve (red line) 

configured to average 0.54 (i.e., the mean emergence success of Conant et al. (2009)) that 

peaks at the 29°C pivotal temperature of Yntema and Mrosovsky (1982) is superimposed 

on this theoretical nesting distribution, the number of eggs produced declines but the 

predicted sex ratio remains unchanged. 
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Theoretical mean incubation temperature 

Temperature Percent Female (F) Percent Male (M) Survival (%) Females per 100 eggs Males per 100 eggs

18 0 100 1 0 1

19 0 100 5 0 5

20 0 100 15 0 15

21 0 100 30 0 30

22 0 100 45 0 45

23 0 100 55 0 55

24 0 100 65 0 65

25 0 100 75 0 75

26 0 100 82 0 82

27 0 100 90 0 90

28 25 75 95 23.75 71.25

29 50 50 100 50 50

30 75 25 95 71.25 23.75

31 100 0 85 85 0

32 100 0 50 50 0

33 100 0 20 20 0

34 100 0 5 5 0

Total 550 1150 305 608

F:M  ratio 0.5 0.5
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Appendix B. Inter-annual mean and CV for daily soil temperature and water content for nine spatially-distinct reconstructed data sets 

(JRA-55 and ERA-20C).  In all panels, the black line denotes inter-annual mean and the gray line denotes inter-annual CV for 

theoretical incubation duration (days) between 1 May and 2 September during 1960–2013 (JRA-55, panel 1 for all series), 1900–2010 

(ERA-20C, panel 2 for all series), or inter-annual mean and CV for maximum surface soil water (m3 per m3) content between 1 May 

and 30 November during 1900–2010 (ERA-20C, panel 3 for all series).  Data were evaluated for nine geographic areas, ordered north 

to south/west, as follows: A = Cape Island, SC; B = Cumberland Island, GA; C = Anastasia State Park, FL; D = Daytona Beach, FL; E 

= Melbourne, FL; F = Boca Raton, FL; G = Keywadin Island, FL; H = Siesta Key, FL; I = Cape San Blas, FL. 
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Appendix B, continued. 
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Appendix B, continued. 
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