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Abstract
The Eastern Pacific green turtle (EPGT) has been differentiating from the green turtle and is currently considered a separate 
population. This study determined the values of reproductive hormones and total thyroxine of 56 resident foraging green 
turtles captured between 2012 and 2014 at Golfo Dulce, Costa Rica. All of them underwent a physical examination and were 
deemed as healthy individuals. The progesterone values were 0.31–2.723 ng/ml, estradiol 25.54–104.129 pg/ml, testosterone 
1.94–228.97 ng/dl, and thyroxine 0.5–0.9 µg/dl. Since our population did not show sexual dimorphism, and the curved cara-
pace length sizes did not match previous reports, turtles’ sex was determined based on high testosterone concentrations. Our 
results showed that 48 males (> 3 ng/dl), three females (< 2 ng/dl), and five yet undetermined individuals (2–3 ng/dl) were 
sampled. The green turtle populations at the Golfo Dulce seem to be formed by subpopulations at different stages of their 
reproductive cycle; among them could be males and females close to mating season, foraging females between seasons and 
sub-adults in their final developing habitat. The sampled population included 3 juveniles (one male and two not defined), 45 
sub-adults (40 males, three females and one not determined), 7 adults (all males), and one undetermined individual (not sex 
determined either). The progesterone results indicated that none of the females were nesting; this might indicate that they 
nest far from the area. The information provided by this study is extremely valuable in the attempts to determine the health 
status for conservation programs of EPGT in the area.
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Introduction

The correct sex determination and hormonal reproductive 
and metabolic assessments are important goals to set a suc-
cessful and integral turtle conservation program (Eckert 
et al. 2000). The endocrine analysis offers a minimally inva-
sive approach to know the reproductive stage and popula-
tion dynamics and benefit conservation efforts necessary for 
chelonians and similar species. In this sense, an endocrine 
profile typically includes the following hormones: testos-
terone (Testo), estradiol (E2), progesterone (P4), total thy-
roxine (T4), and corticosterone, as well as the relationship 
between these hormones and variables like size, maturity, 
or level of activity of the turtles, which are used to estimate 
the reproductive stage during nesting or mating.

Most studies on sea turtles analyze adult nesting females, 
accounting for one age group, one sex, and one life stage 
(Moon et al. 1998; Jessop et al. 1999; Hamann et al. 2002b; 
Al-Habsi et al. 2006; Mahmoud et al. 2011). However, if the 
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capture is performed in the sea, the geographic location does 
not always predict their reproductive condition, especially in 
areas where foraging and mating populations share the space 
(Owens 1996).

The Golfo Dulce, located within the marine area of the 
Piedras Blancas National Park in the southern Pacific area 
of Costa Rica, is an important foraging area for different 
marine turtle species, including the Eastern Pacific green tur-
tle (EPGT) (Chacón-Chaverri et al. 2015; Méndez-Salgado 
et al. 2020). Other initiatives to improve their conservation 
status are currently carried out (Chacón-Chaverri et al. 2015; 
Méndez-Salgado et al. 2020; Howell et al. 2021). Neverthe-
less, there is a considerable lack of knowledge about whether 
males use it or not, which could be related to reproductive 
activities. Because of these reasons, this study intends to fill 
gaps in the health and reproductive status determination of free 
turtle populations in Costa Rica by evaluating the hormonal 
profile of Chelonia mydas.

Materials and methods

EPGT were captured in-water at a known foraging site located 
in the Golfo Dulce, Costa Rica (8° 40′31.01¨N, 83° 26′ 
48.65¨O) from 2012 to 2014, using a simple 100 × 7 m net, as 
previously described by Howell et al. (2021). All institutional 
and national guidelines for animal care and welfare were fol-
lowed. Individuals showing diminished reflexes, any sort of 
body secretions, or injuries were excluded from the study.

The endocrine profile was determined at the Endocrinol-
ogy and Reproductive Biotechnology Lab of the Veterinary 
School, Universidad Nacional, Costa Rica. E2, P4, Testo, 
and T4 determinations were performed with an Automated 
Immunoassay Analyzer AIA-360 (TOSOH®), using reagents 
from the same manufacturer. The methodology was validated 
by parallelism comparing three samples with high Testo 
quantity with a known Testo concentration. Serial dilutions 
were performed in multiples of three (1:3, 1:9, 1:27, over 
to 1:2187), following the manufacturer’s recommendation.

Individuals were classified as male or female using previ-
ously reported values for immature green turtles from Hawaii: 
Individuals with Testo values lower than 2 ng/dl were con-
sidered females (n = 3), while those with values higher than 
3 ng/dl were classified as males (n = 48). Animals with values 
between 2 and 3 ng/dl were indeterminate (n = 5) (Table 2; 
Wibbels et al. 1993).

Results

A total of 56 apparently healthy green turtles were sampled 
for the study. Sub-adult individuals were the most numerous, 
according to their curved carapace length (CCL) measure-
ments (Table 1).

We measured Testo hormone with no issues in all ani-
mals. We chose Testo over the other hormones because it 
showed higher results, allowing us to dilute without previous 
extraction; it is also the most helpful hormone for hormonal 
sexing (Fig. 1).

Most Testo results were higher than 43.21 ng/dl, which 
could correspond to males beginning their reproductive sea-
son. However, results lower than this value could be taken as 
females in preparation, males in base or mildly higher levels, 
or sub-adults closer to maturity in their final development 
habitat. According to the Testo levels, we sampled 48 males, 
3 females and 5 undetermined individuals (Tables 1 and 2).

Fifty percent of the E2 data obtained were below the 
detection limit of the equipment used (25 pg/ml), resulting in 
96% of the tested population under that threshold. Almost all 
individuals with Testo levels compatible with males showed 
E2 values below the detection limit, except for one sample 
with both hormones—mainly Testo—superior to basal lev-
els. Similar to E2, more than half of the total thyroxine (T4) 
results were inferior to the detection limit (0.5 µg/dl). In 
this sense, the automated analyzer could only provide 37.5% 
of the T4 results, with a maximum of 0.9 µg/dl. The other 
samples were below 0.50 µg/dl, coinciding with previous 
reports (Moon et al. 1998).

P4 was the only hormone with 100% detection, showing 
low variability results in the lower range. Interestingly, by 
considering the P97, it is evident that most samples were 
much lower than the highest of the population.

Discussion

The variability in Testo results is similar to the values of 
previous reports (Hamann et al. 2005). This could be related 
to different aspects, mainly associated with the reproduc-
tive cycles in reptiles and many other animals (Blanvillain 

Table 1   Age groups and sex of the Eastern Pacific Green turtle (Che-
lonia mydas) (EPGT) captured in the Golfo Dulce, Costa Rica, during 
2012–2014 according to their curved carapace length (CCL)

According to Aguirre and Balazs (2000), following the adjustments 
suggested by Musick (2002)

Age group CCL Sex (according to Testo 
levels)

n Males Females ND

Hatchling  < 38 cm 0 0 0 0
Juvenile 38–68 cm 3 1 2
Sub-adult 68–88 cm 45 40 3 2
Adult  > 88 cm 7 7 0 0
Not determined 1 0 0 1
Total 56 48 3 5
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et al. 2011). Right before migration, females’ Testo reaches 
its highest (30 ng/dl), while E2 levels fall abruptly (Owens 
1996). After courting, it decreases significantly and shows 
smaller peaks on early nesting, before each attempt (suc-
cessful or not) (Owens 1996; Hamann et al. 2002a). The 
more the nesting attempts, the more fluctuant the Testo is 
(Hamann et al. 2002a), which could affect our results. This 
mechanism is known in green turtles, Kemp’s ridleys, and 
loggerheads, although the greens of Michoacan, Mexico, 
do not seem to be as strict (Owens 1996). Besides, males 
are known to show elevated Testo matching spermatogen-
esis and the beginning of migration, reaching levels up to 
3000 ng/dl approximately, while Testo falls to basal levels 

when females nest and males return to the foraging site 
(Owens 1996; Rostal et al. 1998; Blanvillain et al. 2011).

On the other hand, the life state carries growing levels 
from juveniles to sub-adults and reproductive cycles once 
maturity is achieved. Testo and E2 levels rise with photoper-
iod and temperature during the adult stage until the migratory 
season arrives (Owens 1996). The samples over the 2200 ng/
dl detection limit, likely correspond to males starting their 
reproductive season.

Fifty percent of the E2 data obtained were below the 
detection limit of the equipment used (25 pg/ml). This has 
occurred in geographically diverse areas using radioim-
munoassay and similar techniques, being the most sensible 
technique, the high-performance liquid chromatography 
(HPLC). Besides, it is expected that females keep basal E2 
levels until the subsequent migration is nigh. When they are 
still feeding on the foraging site, these hormones increase 
up to approximately 200 pg/ml and then fall abruptly, mark-
ing the beginning of the migration, along with Testo at its 
highest peak (Owens 1996; Blanvillain et al. 2011). It has 
also been suggested that this progressive increase is the 
main stimulus for vitellogenesis, so it would not be neces-
sary to maintain levels that high during nesting when E2 

Fig. 1   Parallelism between 
testosterone (Testo) concentra-
tions in three specimens and the 
multi-analyte control (MAC) 
through six serial dilutions

Table 2   Hormonal measurements of the eastern Pacific green sea tur-
tle (Chelonia mydas agassizii; n = 56) from Golfo Dulce, Costa Rica

Hormone Min Max P3 P97

Testosterone (ng/dl)  < 1.5  > 2200 1.94 228.92
Estrogen (pg/ml)  < 0.25 111.5 25.54 104.13
Thyroxin (µg/dl)  < 0.5 0.9 0.5 0.9
Progesterone (ng/ml) 0.19 3.78 0.31 2.723
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reaches levels so low that prove undetectable (Al-Habsi et al. 
2006). Valente et al. (2011) detected more than 1000 pg/ml 
from an adult loggerhead female in captivity with marked 
folliculogenesis.

The only sample with both hormones—mainly Testo—
superior to basal levels could correspond to a sub-adult female 
with unstable hormone concentrations. Animals with a lower 
concentration than the detection level may correspond to 
turtles between reproductive seasons, nesting, or immature 
sub-adults. It is plausible that these turtles are sub-adults or 
adults between seasons. In fact, two individuals had levels 
over 100 pg/ml—and some other closing in—which might 
be beginning preparations for migrating.

Previous studies have reported that T4 levels remained 
constant all year, both in males and females, inferring that 
it was due to the environmental temperature and the high-
protein diet, compared to the diet subjected to availability 
in the wild (Licht et al. 1979; Owens 1996; Blanvillain et al. 
2011). In our case, some individuals showed T4 values that 
match mainly with those reported in captivity (0.89–1.05 ug/
dl) (Licht et al. 1979; Moon et al. 1998). Considering that all 
our captured individuals presented excellent body condition 
scores, it is likely that the diet they consume in this foraging 
site is of high quality, resulting in high T4 levels.

Interestingly, the highest concentrations of this hormone 
occurred in May and June, matching the beginning of the 
rainy season. Temperatures at the Golfo Dulce tend to be 
warm and steady throughout the year, shifting between 
25 and 28 °C (Morales-Ramírez et al. 2015). The samples 
obtained in the following months likely correspond to mildly 
lower temperatures and, consequently, lower total T4 con-
centrations that the analyzer could not detect. This can agree 
with previous reports from the Cayman Islands, where the 
reproductive phase seems to alter T4 concentrations aside 
from environmental temperature and nutritional state (Licht 
et al. 1985).

P4 and luteinizing hormone peaks occur between 10 to 
14 days before the first nesting attempt and in the next 48 h 
to each attempt, so it would only be detectable on the cor-
responding season and relatively close to the nesting beach 
(Owens 1996; Al-Habsi et al. 2006). So, our results are 
consistent with turtles before the reproductive season, with 
levels between 0.09 and 1.90 ng/ml. On the contrary, the 
Testo results were scattered over both detection limits, with 
two samples higher than 2200 ng/dl and one below 1.5 ng/dl.

Due to the lack of knowledge of this group, there may be 
errors discerning the life state due to the following factors: (i) 
the carapace length is not always helpful in separating adults 
from sub-adults; (ii) the hormonal values may not correspond 
to these chelonians; and (iii) most Testo results are not com-
patible with immature turtle sexing. During the sub-adult 
phase, turtles migrate to develop in a new habitat until their 
first reproductive migration. Besides, big individuals that are 

far from their reproductive period could be classified as adult 
females due to the absence of secondary sexual character-
istics (Owens 1996). Since—to the authors’ knowledge—it 
is still unknown if this population is between reproductive 
seasons or during one of them, or even sharing the forag-
ing site with another coursing a different cycle, all hormonal 
mechanisms must be considered.

Finally, alterations in Testo levels have been described 
by raising the temperature in cases of cold stunning and a 
few hours after the stress of being captured. Therefore, the 
sampling should not exceed 15 min after capture (Owens 
1996). In our case, the method used for capturing, sampling, 
and the Golfo Dulce temperatures could have influenced the 
values obtained. These possibilities must be considered in 
the following approaches.

Conclusions

•	 The automated immunoassay analyzer AIA-360 is suit-
able to detect most of the evaluated hormones. However, 
Testo, E2, and T4 in some cases fell beyond the equip-
ment’s detection levels.

•	 It was feasible to sex all individuals in this study. Since the 
curved carapace length sizes did not match our population, 
and in cases where there was no sexual dimorphism, the 
use of sex steroid measurements allowed the sex deter-
mination of most individual, with males showing higher 
Testo concentrations and females with elevated E2 con-
centrations.

•	 Green turtle populations at the Golfo Dulce seem to be 
formed by subpopulations in different stages of their 
reproductive cycle, with males and females close to mat-
ing season, foraging females between seasons and sub-
adults in their final developing habitat.

•	 Finally, P4 results indicate that none of the females were 
nesting, so these turtles probably nest far from this area.

Recommendations

In the future, procedures like laparoscopy, testicular biopsy, 
mating, or nesting behavior observation should be included 
to confirm the reproductive hormones’ results, especially in 
sexually immature animals, ideally using a population with 
known sizes associated with each life stage.
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