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Introduction

•

Two major kinds of sex determination:
1. Genotypic Sex Determination (GSD)
• XX/XY or ZZ/ZW chromosomes

2. Environmental Sex Determination (ESD)
▪ “non-genetic cue” after fertilization determines individuals’ sex
▪ e.g., moisture, temperature, wind, # of individuals, etc.

–Cool Temperature  Males
–Warm Temperature Females
Sex Ratios are affected
by sex determination!

% Female 

Marine Turtles Sex Determination → ESD (Temperature is main factor!)

Measuring sex ratios is hard.

Temp 
• If sex ratios skew towards one sex,
the number of individuals mating
could ↓ resulting in ↓ genetic diversity.
• A loss of genetic diversity could cause a
population or entire species to go into a decline (or extinction).
• Mrosovsky and Provancha (1989, 1992)1 discovered that Caretta caretta
nests in Florida were strongly female biased nearly 30 years ago.
• At least one generation of female-biased hatchlings have matured.
• Male population sizes are unknown.
• What is the adult sex ratio now? Unknown
Breeding Sex Ratios [BSR] used as a proxy for adult sex ratio:
– # of successful males and females
– H0: BSR is 1 female: 1 male
– H1: BSR is female biased

•
•
•
•

Sampling occurred from 2013-2017
Nesting females: tagged, blood & skin sampled
Repeat D. coriacea were sampled in 2017; no repeat C. mydas were sampled
Hatchlings (n=20-30 per nest) randomly selected: blood and skin sampled, then
released.
• DNA extracted from red blood cells or skin
• Samples genotyped using polymorphic tetranucleotide microsatellite
markers8,9
✓Dc markers as described by Alstad et al., 2011.
✓Cm markers as described by Shamblin et al., 2009
• F statistics were run (FIS and FST) to identify population structure:
• FIS is equal to the reduction in heterozygosity due to non-random mating;
• FST identifies the genetic structure of a population; a value of 0 suggests
that the populations are interbreeding freely, whereas a value of 1 means
that the populations are genetically distinct.
Exclusion paternity analysis is used to deduce the number of paternal genotypes
within a clutch5,10

Unknown Paternity

Single Paternity

Multiple Paternity

Exclusion analysis run using program COLONY 2.0
• Most likely number of males contributing to each clutch11
• Male genotypes compared across years and beaches to characterize the
mating system(s) and identify the breeding sex ratios between species’ and
beaches.

C. mydas D. coriacea

– Female behavior can affect BSR:

Study Species
Two imperiled sea turtle species (Chelonia mydas and Dermochelys coriacea) nest
in relatively high numbers in southern Florida on the same beaches. Their
breeding sex ratios were compared.
Green turtle (Chelonia mydas)
Leatherback (Dermochelys coriacea)

F Statistics (FIS , FST)
# Nests analyzed

0.194,
0.040
151

-0.025,
0.043
157

# of Hatchlings Sampled

3,337

2087

Mean # Fathers/Nest

1.85

1.62

Table 1: F statistics and numbers of nests and hatchlings sampled (20132017); exclusion analyses gave mean numbers of fathers/nest.
Photo Credit: Greg Lovett with permission

+ FIS indicates that the population is more related than random
– FIS indicates that the population is less related than random

Chelonia mydas:
• No statistical difference in breeding sex ratio
between beaches (χ21=0.004, p = 0.945)
• 1 female : 1.85 males

Dermochelys coriacea:
• No statistical difference in breeding sex ratio
between beaches (χ21=0.009, p = 0.921)
• 1 female : 1.62 males
Figure 1: Large nesting sites for green turtles and leatherback turtles in Florida and the Caribbean. Data
obtained through SWOT7 and Recovery Plans for the two species. Each turtle represents a site of >500
nests per year. Sampling sites are marked with arrows Juno Beach and Boca Raton.

Sampling Sites
Juno Beach (26.87978, -80.05337) & Boca Raton (26.36360, -80.06825), Florida USA
w/ the help of Loggerhead Marinelife Center and Gumbo Limbo Sea Turtle Program
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Average Nesting
Population Size (2012-2017)
in PBC
Minimum number of females
nesting in PBC
Likely number of mating males
in the breeding population

1.85

1.62

6,357

407

1,766

81.5

3249

132

Table 2: Breeding sex ratios (BSR), the average nesting population size in
Palm Beach County (PBC) since 2012, the minimum number of females
nesting and the likely number of males present within the population
during that timeframe. Calculation of the breeding population identifies
more males than expected.

H0: BSR is 1 female: 1 male
• Not rejected
• BSR was not significantly different than 1:1

Results

3. Females can store sperm5,6
4. Females can lay multiple nests

Breeding Sex Ratio

Discussion

– H2: BSR is male biased

1. Females nest in cycles (2-3 years)2,3
2. Females return to natal region to nest4

C. mydas D. coriacea

Methods

***All male genotypes identified were unique***

(Green: χ2=5.169, p = 0.270) (Leatherback: χ2=3.637, p = 0.726)

H1: BSR is female-biased
• Rejected
• NO repeat males found
H2: BSR is male-biased
• Potentially confirmed (many monogamous
nests in samples lead to acceptance of H0)
• High multiple paternity
• High number of individual males

Although primary sex ratios are female-biased,
the Breeding Sex Ratio identified high ## of males.
Breeding males represent multiple year classes and
generations.
High male ## may “mitigate” female sex ratio skew.
No repeat males may mean that males mate and then
move on. Biologically, they are likely to mate again.
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