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A B S T R A C T

Studies of the reproductive functional morphology of chelonians are important to understand the reproductive phy-
siology, anatomy, and endocrinology of these species. However, data on the reproduction of this group have been
difficult to obtain because of their cryptic habits and as a result the consequent inefficiency of conventional field
methods in detecting individuals in the wild. In this study, we obtained reproductive organs from 347 adult female
yellow-footed tortoises (Chelonoidis denticulatus), one of the most hunted and traded land vertebrates in South
America, donated by local sellers in a wild meat market in the Peruvian Amazon. We described the species’ re-
productive cycle and the influence of climatic factors on reproductive performance. Of the sampled females, 116
(33.4%) were gravid and 231 (66.6%) were non-gravid, including 215 vitellogenic (62.0%) and 16 non-vitellogenic
(4.6%). The mean number of ovarian follicles per female declined from 28.5 (< 10 mm diameter), to 7.1 follicles
(20–40 mm) to 3.2 follicles > 40 mm. Gravid females had in average 3.7 shelled eggs in the oviduct, with a mean egg
diameter of 53.7 mm. The estimated annual reproductive potential in gravid females was 5.1 eggs per clutch, ranging
from one to 22 eggs. There was a strong positive relationship between the diameter of shelled eggs and the straight
carapace length of gravid females. The final phase of the folicular growth, the most demanding energetic process in
chelonian reproduction, correlated with annual rainfall peak, while oviposition was estimated to occur in the dry
season. The yellow-footed tortoise should be considered an opportunistic seasonal breeder, though capable of re-
producing throughout the year. Reproductive yields are linked to climatic events that influence food availability in the
environment. To improve the sustainable use of this species, adult females should be harvested primarily during
reproductive quiescence, from the end of the laying period in the late dry season to the mid-rainy season when large
follicles appear, to avoid taking gravid females. Our results are useful not just to better understand the reproductive
biology of terrestrial chelonians but can inform the conservation management of harvested species.

1. Introduction

Chelonians are oviparous shelled reptiles that have been hunted for
centuries. This group of animals has been used as a source of high-quality
food, oil, and income from the sale of whole individuals for the domestic
and international pet market, meat and other subproducts [1,2]. Due to
high rates of extraction, chelonians are currently classified as one of the
most threatened taxonomic groups in the world, where populations of
many species are suffering decreases or local extinctions [3].

Studies of the reproductive biology of any species are essential to
better understand the demographics and dynamics of wild populations,
and to describe the responses of populations to various levels of human
disturbance [4-6]. In chelonians, the female reproductive cycle can be
divided into four phases: vitellogenesis (follicular growth), ovulation
and intrauterine period, nesting period and latent period [7]. Chelo-
nians differ in their vitellogenesis process, presenting either short per-
iods of follicular growth just before oviposition (prenuptial vitellogen-
esis), or extended periods after oviposition before entering quiescence
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(postnuptial vitellogenesis) [8]. This variation in ovarian activity re-
sults in two distinct reproductive patterns: (1) continuous with variable
intensity levels of reproductive activity over the year; or (2) dis-
continuous with periods of extended gonadal activity alternating with
periods of quiescence [8].

The yellow-footed tortoise (Chelonoidis denticulatus) is amongst the
most hunted and traded vertebrates in South America, particularly in
the Amazon Basin; some populations here are being heavily depleted as
a result of overexploitation [9,10]. Most of the information on the re-
productive performance of this species have been derived from captive
studies or from anecdotical records. Results from these studies indicate
that the species reaches sexual maturity between 12 and 15 years old, at
250 mm of carapace length [11-13]. Nesting information is scarce and
unclear; while some authors reported that eggs are buried in the
ground, others claim that gravid females lay eggs exposed on the
ground surface or just cover them with leaf litter [11,12]. The yellow-
footed tortoise can lay an average of five (range 3–15) spherical eggs,
48 mm average diameter, with rigid but slightly flexible shells
[11,12,14]. The reported incubation period may vary from 128 to 152
days [14].

Understanding the reproductive biology of chelonians is important
for designing conservation strategies. However, the reproductive
biology of terrestrial chelonians is often difficult to study in the tropics
due to the cryptic habits of the species and the difficulty in acquiring
biological information from specimens in the wild [15]. The yellow-
footed tortoise is extensively traded in Amazonian markets [16] thus,
by involving vendors in participatory data collection it is possible to
gather sufficient data on the species’ reproductive biology and use this
information to inform community-based management schemes to en-
courage the sustainable use of the species. In this study, we employ
participatory data collection by local wild meat vendors in the Belén
Market in Iquitos, one of the most important wild meat markets in the
Peruvian Amazon [17,18], to describe the reproductive cycle of the
yellow-footed tortoise from the Napo River basin.

2. Material and methods

2.1. Biological sampling

Although wildlife trade is prohibited by Peruvian Law No. 29763 of
2011, the sale of tortoise meat occurs openly. We obtained information
on the reproductive cycle of wild yellow-footed tortoises sold in the
Belén Market in Iquitos from regular wild meat sellers. Because of the
long-term trusting relationship between researchers and tortoise sellers
from decades of market monitoring [17,18], we trained one tortoise
seller to take standardized photographs of fresh genital organs (ovaries
and oviducts) and measure carapaces of butchered tortoises from No-
vember 2014 to October 2016 (Fig. 1A).

All sampled tortoises were captured in the Napo River basin,
shipped to the market and subsequently sacrificed. We recorded the
date each tortoise was butchered, but we had no date of capture;
however, the tortoise seller estimated it took between 1 and 2 weeks
from capture to butchering of the animals. All photographs were taken
with an autofocus digital camera (Camkory®, Model ES-DC311L-AF-BL
+32G) at an approximate distance of 40 cm from the subject material
(ovaries). The seller would open the ovaries as much as possible so to be
able to view the main ovarian bodies (visibility of the minor ovarian
bodies was occasionally obscured). The seller would include a coded
paper when photographing the ovaries to be able to identify each tor-
toise picture and match the carapace with its respective genitalia. To
scale all photographs and allow precise measurement of the size of
follicles and eggs, as well as carapace length, the seller also included a
coin with a known diameter (25.5 mm) at the same distance from
ovaries.

2.2. Reproductive data

We analysed one photograph per female using the software ImageJ
[National Institutes of Health, http://rsb.info.nih.gov/ij/), using the
coin measure as a calibration scale (Analyze → Set Scale function).
Reproductive parameters were recorded for right and left ovaries. These
included: a) number of follicles, shelled eggs (eggs in the oviduct with
developing or already formed calcified outer covering), corpora lutea
(CL) and corpora atretica (CA), b) diameter of all follicles and shelled
eggs, and c) diameter of the largest follicle (hereafter “maximum fol-
licular diameter”). The diameter of each follicle and shelled egg was
calculated as the mean length of the two maximum perpendicular axes.
Ovarian follicles were classified into three classes according to the vi-
tellogenesis process: early (< 10 mm), intermediate (10–30 mm) and
preovulatory follicles (> 30 mm) [19]. The CL was characterized as a
cystic fibrotic cuplike structure with a haemorrhagic or dark area
(Fig. 1B); while the atretic CL was completely fibrotic and whitish
(Fig. 1C).

Due to the length of the genital organs, the oviducts were photo-
graphed obliquely (inclination estimated at 15º), so as not to generate a
difference in the calculation of the diameter of the shelled eggs.
Following the expected magnification error of approximately 1% per
centimeter of distance from the perpendicular axis due to projection
geometry well described for rotational panoramic radiographs [20,21],
we calculated egg diameters by multiplying the image diameter by the
associated deviation from perpendicular registration (e. g., image x
1.05 for eggs photographed 5 cm from the perpendicular center of the
photograph).

We classified females into gravid and non-gravid individuals. Gravid
females are characterized by the presence of shelled eggs. Non-gravid
females are characterized by the absence of shelled eggs and were
classified into non-vitellogenic (absence of intermediate and pre-
ovulatory follicles), and vitellogenic (presence of intermediate and
preovulatory follicles) females.

We calculated the gravidity rate as the number of gravid females per
total adult females. The potential reproductive production in gravid
females was calculated as the sum of preovulatory follicles (> 40 mm)
and corpora lutea [22]. We also measured the straight length of the
carapace (hereafter “carapace length”).

2.3. Climatological data

We obtained data on the daily rainfall and river water level for the
studied period from the Bellavista Hydrological Station (76º33'00''W,
07º03'00'' S), located in the Mazan district on the Napo River, provided
by the Peruvian National Meteorology and Hydrology Service [23].

2.4. Data analysis

Two-way ANOVAs were used to assess the differences in the re-
productive parameters between females with distinct reproductive
status (gravid vs non-gravid) and between reproductive seasons (high
vs low reproductive season). We considered months with ≥ 50% of
gravid females as the high reproductive season (May-October), and the
months with < 50% of gravid females as the low reproductive season
(September-April).

Generalized Linear Models (GLM) were used to assess the relation-
ship of the carapace length with the number of follicles (Reverse
Gumbel distribution, link function identity), the number of large folli-
cles and shelled eggs (Poisson distribution, link function log), and the
probability of presence of preovulatory follicles and shelled eggs, i.e.,
females were assigned value 1 when preovulatory follicles/shelled eggs
were present and 0 when not present (Binomial distribution, link
function logit). We also used a GLM to test the association between the
carapace length with the number of shelled eggs and the mean diameter
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of shelled eggs in gravid females (Box-Cox Normal distribution – link
function identity). We selected the families of distribution based on the
Q-Q plots (quantile-quantile plot) of the residuals.

We applied cross-correlation analyses to assess possible breeding
seasonality in the species by identifying time lags and relationships
between the presence of ovarian structures with rainfall and river water
level. To do so, we used fortnights (half-month) as our time scale. For
each fortnight, we calculated the mean number of follicles per class,
shelled eggs, CL and CA, mean follicle diameter, percentage of gravid
females, and average rainfall and river water level. We plotted time-
series graphs of the annual variation of these parameters using values
from each sampled tortoise to estimate the standard error in each
fortnight period. We used the functions ccf for the cross-correlations,
gamlss for the GLMs and ggplot for producing the graphs. All analyses
were conducted in R (version 3.6.3). Differences with a probability
value of 0.05 or less were considered statistically significant.

3. Results

3.1. Reproductive parameters

A total of 347 mature yellow-footed tortoise females were obtained
in this study. Of these, 116 (33.4%) were gravid and 231 (66.6%) were
non-gravid, including 215 vitellogenic (62.0%) and 16 non-vitellogenic
(4.6%) non-gravid females. The mean number of ovarian follicles per
female was 40.34 (SD 18.7), and mean number of shelled eggs 1.22 (SD
1.97) per female.

The mean follicle diameter in all females was 11.63 mm (SD 7.90;
n = 14020), the average maximum follicle diameter was 35.43 mm (SD
8.84; n = 347) with the absolute maximum follicle diameter 58.24 mm.
The average maximum follicle diameter was 33.62 mm (SD 8.79;
n = 231) in non-gravid and 39.04 mm (SD 7.82; n = 116) in gravid
females. The number of ovarian follicles per female decreased with

Fig. 1. Dorsal view of the genital organs of a gravid yellow-footed tortoise female (Chelonoidis denticulatus). (A) The micrograph shows the ovaries with large pre-
ovulatory follicles (1), corpus luteum (2), shelled eggs (3), the infundibulum (4), the mesotubarum (5), the oviduct (6) and the cloaca (7); scale bar = 5 cm. (B) Image
of CL (8); scale bar = 2.5 cm. (C) Atretic CL (9); scale bar = 2.5 cm.
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follicle diameter from 28.5 (SD 20.2) ovarian follicles < 10 mm in
diameter, to 7.3 (SD 4.5) follicles 10–20 mm, 7.1 (SD 4.5) follicles
20–40 mm, and finally to 3.2 (SD 4.9) follicles > 40 mm.

Gravid and non-gravid females had the same number of ovarian
follicles < 40 mm; but gravid females had more large follicles than
non-gravid females (estimate = 4.95, t = 2.342, p = 0.0198; Fig. 2),
resulting in a strong tendency for gravid females to have a higher
average follicle diameter (estimate = 0.996, t = 1.895, p = 0.0589),
and a higher maximum follicle diameter (estimate = 3.809, t = 3.521,
p = 0.000488).

Gravid females had 3.66 (SD 1.63, range 1–12) shelled eggs in the
oviduct (Fig. 3). The estimated reproductive potential in gravid females
was 5.09 eggs (SD 3.78, range 1–22) per nesting. Considering the
average diameter in each clutch per female, the average diameter of the
egg was 53.68 mm (SD 6.30, N = 116), ranging from 32.99 to
76.82 mm (Supplementary Table 1). The difference between the two
perpendicular diameters was 95.5%. There was no association between
the number of shelled eggs carried by gravid females and the egg dia-
meter (estimate = −0.35, t = −1.49, p = 0.14). Compared to non-
gravid females, gravid females had more corpora lutea (estimate =
1.1608, t = 3.329, p = 0.000964), but no difference in the number of
CA (estimate = 0.1451, t = 0.214, p = 0.4981). We did not observe
any correspondence between the number of eggs and CL (P = 0.813).

The mean carapace length of all females was 281 mm (SD 51). There
was a strong positive relationship between the diameter of shelled eggs
(estimate = 0.077, t = 6.38, p < 0.0001) and the largest follicle (es-
timate = 287.2, t = 25.16, p < 0.0001), and the carapace length of

gravid females (Fig. 4). Small (carapace length ≤275 mm, medium
(between 275 and 350 cm) and large females (≥350 mm) had an
average egg diameter of 52.47 (SD 5.24, N = 71), 53.74 (SD 5.37,
N = 38) and 65.69 (SD 8.75, N = 7), respectively. There was no re-
lationship between the number of shelled eggs and the carapace length
in gravid females (estimate = −0.00003, t-value = −0.023,
p = 0.98). Carapace length did not differ in females according with the
gravidity status (estimate = 6.109, t = 1.045, p = 0.297), nor with
their vitellogenic status (estimate = 11.928, t = 0.809, p = 0.419).

3.2. Annual reproductive performance

The timing of the follicular growth was as follows (Supplementary
Table 2, Fig. 5): a) between August and December, peak of number of
early follicles; b) between January and July, higher number of inter-
mediate and preovulatory follicles; c) between April and August,
highest mean follicular diameter; and d) between May and October,
higher number of shelled eggs and percentage of gravid females. There
was no seasonal pattern in the mean number of CL and CA over the year
(Fig. 6).

The number of preovulatory follicles at time 0 (no time lag) was
negatively associated with the number of early (r = −0.447,
p = 0.029) and intermediate follicles (r = −0.414 p = 0.044). The

Fig. 2. Size distribution of ovarian follicles and eggs in female yellow-footed
tortoises (Chelonoidis denticulatus): A) in gravid (n = 116) and non-gravid
(n = 231) females; and B) in the high (May-October; n = 115) and low
(November-April; n = 232) reproductive season. Whiskers represent the 95%
CI.

Fig. 3. Frequency of gravid yellow-footed tortoise (Chelonoidis denticulatus)
females (n = 116) according to the number of shelled eggs.

Fig. 4. Relationship between the mean diameter of shelled eggs and the
straight carapace length in gravid yellow-footed tortoises (Chelonoidis denticu-
latus; n = 116).
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number of preovulatory follicles showed a strong positive relationship
with the number of shelled eggs with a time lag of + 1.5 months
(r = 0.687, p = 0.0002) (Fig. 5). There was no temporal relationship
between the number of any follicle class or shelled eggs with the
number of CL or CA (r < 0.39, p > 0.05).

We identified two seasons with different reproductive performances
(Supplementary Table 2): a) between May and September, a high re-
productive performance with a gravidity rate > 50%, and b) between
October and April, a low reproductive performance with a gravidity
rate < 50%. The carapace length did not differ in females according
with the reproductive season (estimate = 3.331, t = 0.548, p = 0.584).
All non-vitellogenic females were observed in the low reproductive
season.

Females in the high reproductive season had a higher average fol-
licle diameter (estimate = 1.7830, t = 2.907, p = 0.00388; and esti-
mate = 3.543, t = 3.154, p = 0.001754, respectively), higher max-
imum follicle diameter (estimate = 3.543, t = 3.154, p = 0.001754),

and higher number of eggs (estimate = 2.001, t = 9.681, p < 2e-16).
There was no significant effect of the reproductive season on the
number of ovarian follicles (estimate = 2.700, t = 1.222, p = 0.222),
egg diameter (estimate = 0.8262, t = 0.726, p = 0.469), number of CL
(estimate = 0.4326, t = 1.179, p = 0.239), or number of CA (estimate
= 0.1451, t = 0.678, p = 0.4981).

3.3. Reproductive seasonality

Compared to other months, rainfall levels were higher between
January and April, while river water levels are higher between March
and July, lagging rainfall by + 2 months (Fig. 5). Both environmental
parameters were cues for the number of preovulatory follicles and
shelled eggs, and the percentage of gravid females. The number of
preovulatory follicles showed a positive relationship with river water
level at time 0 (no time lag), and with rainfall + 2 month time-lag.
Number of shelled eggs and percentage of gravid females were

Fig. 5. Annual variations of climate measures, and reproductive parameters (mean, 95% CI) of the yellow-footed tortoise (Chelonoidis denticulatus) female (n = 347)
collected from the Napo River basin: a) rainfall (orange) and water level (blue) in the Napo River; b) number of shelled eggs; c) number of preovulatory follicles
(diameter > 30 mm); d) number of intermediate follicles (10–30 mm); and e) number of early follicles (< 10 mm). We used fortnights (half-month) as our time scale.
River water levels had a lagging rainfall by + 2 months (r = 0.665, p = 0.0004). The number of preovulatory follicles showed a positive relationship with the river
water level at time 0 (no time lag) (r = 0.770, p = 0.00001), and with rainfall + 2 month time-lag (r = 0.541, p = 0.006). Number of shelled eggs was positively
associated with the river water level + 1.5 month time-lag (r = 0.750, p = 0.00002), and with rainfall + 3.5 month time-lag (r = 0.516, p = 0.01; gravid females:
r = 0.421, p = 0.04).
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positively associated with river water level + 1.5 month time-lag and
with rainfall + 3.5 month time-lag (Figs. 5 and 7).

4. Discussion

Reproductive information is critical for the development of manage-
ment strategies for the sustainable use of any species [24]. However, al-
though turtles are among the most threated vertebrates in South America
[9], their reproductive biology remains poorly studied [15]. This study on
the functional morphology of the female genital organs describes the
reproductive cycle and reproductive performance of one of the most
harvested chelonian in the Amazon, the yellow-footed tortoise.

4.1. Opportunist seasonal breeder

Main reproductive events are usually timed to occur during the most
propitious periods for the survival of the parents and offspring. Our
results show that, as in other terrestrial chelonians [25,26], the female
yellow-footed tortoise should be considered an opportunist seasonal
breeder, capable of breeding across the year, but showing different
reproductive yields according to climatic events. In the Napo River
basin in particular, we found a seasonal concentration of gravid females
between May and October.

4.2. Development of ovarian follicles and eggs

We observed all four reproductive phases in the yellow-footed tor-
toise. The presence of follicles at all stages of maturation in the same
female suggests varying degrees of sensitivity to the ovulation-inducing
gonadotropins, such as luteinizing hormone [27]. During vitellogenesis,
selected follicles are activated to undergo follicular development and

yolk accumulation, growing in average diameter from 12 to 35 mm,
reaching a maximum follicular diameter of 58 mm. This follicular size is
compatible with observations in Geochelone nigra, where follicles be-
came preovulatory at a diameter of 40–42 mm [19].

The ovarian follicular hierarchy, characteristic of reptiles and birds,
allows the sequential ovulation of few dominant follicles, improving the
viability of each ovulated follicle and reducing the probable losses due
to the simultaneous ovulation of several follicles, consequently de-
creasing the punctual energy investment and distributing it over time
[22,27,28]. The ovarian follicular hierarchy also promotes atresia of
non-dominant follicles [27]. Due to the difficulty of observation be-
cause atresia involves resorption of the follicle, we did not assess fol-
licular atresia in experimental females.

After ovulation, the oocytes are collected by the oviduct’s in-
fundibulum and pass into the oviduct, where they are covered by a
layer of albumin around the yolk [29]. As the oocyte passes through the
oviduct, the layers of the shell membrane increase and thicken gradu-
ally. During this process, the egg increases in size, from an average
preovulatory diameter of 35 mm to an average shelled egg diameter of
54 mm. After six to seven days, these shelled eggs undergo calcification
and are deposited in the oviduct, where they remain for several days
until they go to the cloaca and are oviposited [30].

The eggs of the yellow-footed tortoise were larger than those of si-
milar sized species (Testudines hermanni, T. graeca and T. marginata with
an average diameter of 32.9, 32.3 and 31.5 mm, respectively [31]), and
similar to those of larger tortoises (G. nigrans with 55–68 mm [32]).
Considering the value of the preovulatory follicle as a proxy for the size
of the yolk, 62.7% of the egg is represented by yolk in the yellow-footed
tortoise, similar to that observed in G. nigra (62.5% [32]), suggesting a
comparable egg biometry in both species. Furthermore, these values
suggest that the biometry of the preovulatory follicle is correct.

Fig. 6. Seasonal distribution of ovarian structures in the yellow-footed tortoise (Chelonoidis denticulatus; n = 347): a) number of ovarian follicles; b) average follicular
diameter; c) number of corpora lutea; and d) number of corpora atretica. We used fortnights (half-month) as our time scale.

P. Mayor, S. Hidalgo, H.R. El Bizri et al. Theriogenology Wild 2 (2023) 100022

6



4.3. Corpora lutea and reproductive performance

Concomitantly with ovulation, the empty follicle collapses, the fol-
licular cells hypertrophy and develop a cup-shaped CL about 15–25% of
the diameter of the mature follicle [33]. In the yellow-footed tortoise,
the CL had an average diameter of 13 mm, which represented 25.5% of
the preovulatory diameter. Corpora lutea produce progesterone in re-
sponse to the luteinizing hormone [34], and promote the production of
albumin and the formation of external membranes in the oviducts [35].
As observed in our study, CL are present in gravid females [34], and
although they regress almost immediately, they remain visible
throughout the breeding season [36-38]. Thus, CL may be a good in-
dicator of reproductive activity [39]; the potential reproductive pro-
duction can be calculated as the sum of preovulatory follicles and CL
[22]. In our study, the potential reproductive production in the yellow-
footed tortoise was five eggs per gravid female. Although we cannot
estimate the total egg production because the sampling strategy
stopped the reproduction process, total egg production range between 3
and 15 eggs in other studies [11,12,14]. The lack of correspondence
between the number of CL and shelled eggs suggests that this species is
not retaining eggs for a unique clutch, but rather a continuous clutch.

This information has been frequently communicated by local in-
digenous hunters [Mayor, pers. comm.].

4.4. Body size effect

We observed a strong positive relationship between carapace length
of gravid females and diameter of follicles and shelled eggs. Previous
studies report that egg size is determined by adult body size, pelvic
opening morphology, resource availability, and temperature [40].
Therefore, larger females have appropriate energy reserves to develop
larger eggs, which are related to higher yolk mass, good embryonic
development, and higher offspring survival [41]. There was no re-
lationship between the carapace length and the number of shelled eggs
per gravid female.

4.5. Seasonal effects

For the yellow-footed tortoise, the rainy season coincides with the
final phase of vitellogenesis, when large follicles are developed. This
phase was parallel to the beginning of the annual rainfall peak; two
months later the peak of preovulatory follicles occurred, and 3.5
months later the highest frequency of shelled eggs and gravid females
was observed. Thus, intermediary follicles require two months to being
preovulatory follicles, and additional 1.5 months to being ovulated and
complete their egg development. In contrast, Chrysemys picta, Chelonia
mydas and Sternotherus odoratus require only 10–30 days to transform
follicles from a non-ovulable to an ovulable state [41].

The peak of shelled eggs and gravid females occurred 1.5 months
after the highest level of the river water, which means that egg laying
begins when the river water level drops. Considering an incubation
period of 140 days (from 128 to 152 days) [14], the hatching period
occurs during the low level of river water. These results are compatible
with observations in C. carbonarius [42] and C. denticulatus [43] in the
Amazon. The habitat preference of the yellow-footed tortoise varies
with the time of year; during the dry season it prefers low and humid
areas, while in the rainy season it moves to the terra firme [12,44]. This
habitat preference may be related to the spawning season. For instance,
C. carbonaria spawns in the lower areas of the swampy forest near rivers
to maintain humidity and prevent desiccation during the incubation
period [42]. Chelonians often enter the latent period, also known as
quiescence, after extended periods of oviposition [8]. All non-vitello-
genic females were found in the low reproductive period when rain and
river water levels are low, thus females are probably in quiescence
during the remaining months of dry season.

4.6. Methodological considerations

The yellow-footed tortoise is amongst the most hunted and traded
vertebrates in South America, particularly in the Amazon [9]. Several
studies have shown the potential of involving hunters in the collection
of reproductive data on wild species [5], but to our knowledge none has
attempted doing the same with vendors in wild meat markets. Our re-
sults show that the participatory collection of reproductive information
by wild meat vendors is effective to provide valuable reproductive data
on yellow-footed tortoises, and the same may be applicable to other
traded species. However, we point out the importance of carrying out
an adequate standardization of photographs, visualizing main struc-
tures, avoiding as much as possible the magnification due to different
positions of structures studied. Finally, time lag between the capture
and butcher may produce reproductive variations due to multiple fac-
tors, such as the stress of captivity, availability of resources, mates,
territories [45]. Although this probable bias, our results showed a
seasonal pattern of events related to follicular development and egg
production.

Fig. 7. Percentage of gravid yellow-footed tortoise (Chelonoidis denticulatus;
n = 116) females distributed across the year; for two 15-d periods per month
(a) and related with the rainfall + 1.5 month time-lag (b). Lines represent
averages and grey areas indicates 95% confidence interval. We used fortnights
(half-month) as our time scale. Percentage of gravid females was positively
associated with the river water level + 1.5 month time-lag (gravid females:
r = 0.667, p = 0.0003), and with rainfall + 3.5 month time-lag (r = 0.421,
p = 0.04).
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4.7. Management considerations

The reproduction of the yellow-footed tortoise is characterized by
the presence of follicular hierarchy and the ability to reproduce
throughout the year, but presenting seasonal variations in percentages
of gravid females, influenced by rainfall and river water level.

Based on our findings, to improve the sustainable use of this species,
adult females should be harvested primarily from the end of the laying
period in the late dry season, until the beginning of the vitellogenesis in
the mid rainy season to avoid the harvests of many gravid females.
However, this strategy may be challenging as ovaries with large follicles
and eggs from chelonians are a valuable and traditional food resource
for Amazonian societies. This study provides essential information on
the reproductive biology of the yellow-footed tortoise that can be useful
for the development of in situ and ex situ conservation strategies.
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