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ABSTRACT
The Beal’s-eyed turtle (Sacalia bealei) is endemic to southeastern China and

endangered due to poaching and habitat loss. Knowledge of S. bealei ecology is

lacking and this study provides baseline information of its reproduction in a

natural environment. We studied the reproductive ecology of S. bealei using X-ray,

spool-and-line tracking, and direct observation. Six nesting females were

successfully tracked and their nesting behaviors are documented in detail. Females

produced a mean clutch size of 2.2 eggs (range 1–3). The hard-shelled eggs

were ellipsoidal with a mean length of 45.50 mm, a mean width of 23.20 mm, and

mean weight of 14.8 g. The relative clutch mass was 9.47%, while the relative egg

mass was 4.60%. The mean incubation period was 94.7 days with a mean nest

temperature of 25.08 �C. Hatchlings had a mean weight of 9.7 g, carapace length of

40.1 mm, carapace width of 33.3 mm, carapace height of 17.4 mm, plastron length

of 31.6 mm, and plastron width of 25.4 mm. The results of this study provide

important information to inform conservation plans and ex-situ breeding for

this endangered species.
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INTRODUCTION
The reproductive biology of a species is an important component of its overall life history

strategy (Gibbons, 1982). Thus, understanding reproductive ecology is important for

turtle management and conservation (Tucker & Moll, 1997; Horne et al., 2003). Studies of

turtle reproductive ecology have revealed important direct and indirect effects on fitness

and demography (Bobyn & Brooks, 1994; Weisrock & Janzen, 1999; Valenzuela, 2001;

Spencer & Thompson, 2003; Janzen, Tucker & Paukstis, 2007).

The Beal’s-eyed Turtle (Sacalia bealei), endemic to southeastern China, is distributed in

Guangxi, Guangdong, Fujian, Anhui, Guizhou, Jiangxi Provinces, and Hong Kong

(Shi et al., 2008). It is listed as endangered on the IUCN Red List (van Dijk et al., 2012)

and Appendix II of CITES. Poaching pressure on S. bealei is strong, with the pet trade

price increasing from 1500 RMB/kg in 2014 to 4200 RMB/kg in 2015 (Hu, 2016).

Due to illegal poaching and trade, S. bealei has become extremely rare in the field
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(Shi, O′connell & Parham, 2005; Gong et al., 2017a). Life history of this species is poorly

understood, with only a few observations on diet and reproduction in captivity (Zhang,

Zong & Ma, 1998; Gong et al., 2017b). This study provides baseline information on the

reproductive biology of S. bealei in a natural environment.

METHODS
Study site
We conducted field research in Huboliao National Nature Reserve, Fujian Province,

China (117�12′42′′–117�22′45′′E; 24�30′05′′–24�56′2′′N). The mean annual temperature

in Huboliao is 21.1 �C, with the lowest temperature in January (mean 10.9 �C) and
the highest in July (mean 26.7 �C). The mean rainfall is 1733.5 mm, with a mean

relative humidity of 81.4%. The major vegetation types in this reserve are evergreen

broad-leaved forest, mixed forest, and bamboo forest (Fan, 2001) (Fig. 1).

Figure 1 Natural habitat of S. bealei. (A) An ideal stream habitat with many big stones; (B) A typical

nesting site in the nearby forest, covered by heavy canopy. Photos credit: Liu Lin.

Full-size DOI: 10.7717/peerj.4997/fig-1
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Methods
In late March 2015, when turtles had completed their hibernation (from early November

to mid March), we used traps to capture them. When females were captured, we brought

them back to the field station for further inspection. We used portable X-ray

radiography (BJI—UJ) to confirm the presence and number of oviductal eggs. If

shell-eggs were found, a plastic spool-and-line tracker was attached to the carapace of

the female (Fig. 2). The spool-and-line tracker was composed of two parts: (1) a white

box (diameter 35 mm, height 23 mm) with an internal line spool (diameter 30 mm,

height 19 mm), fastened to the carapace using epoxy resin, (2) a black external line

spool (diameter 39 mm, height 23 mm), which was attached to the line and used

afterwards for retrieval. The tracker weighed 8 g and contained 70 m fishing line. We

designed the tracker and have successfully used it to track daily movement of the red-

eared slider (Trachemys scripta elegans) during the nesting period (Li, 2013; Yang, 2014).

In total, 10 females with evidence of shell-eggs were tracked. We took morphological

measurements of these individuals (weight, carapace length, carapace width,

Figure 2 Tracked female turtles with a spool-and-line tracker. (A) The components of the tracker.

1, The white box with an internal line spool; 2, the fishing line; 3, the black external line spool for

retrieving the line; (B) a female turtle in the wild with the tracker on her carapace. Photo credit: Qingru

Hu (A), Liu Lin (B). Full-size DOI: 10.7717/peerj.4997/fig-2
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body height, plastron length, and plastron width) following methods in Xiao, Shi &

Sun (2014).

From 8:00 am each day, we followed the fishing line of the 10 females to track their

movement. The fishing line was retrieved carefully and spooled back into the white box

every day to ensure the line was not used up and so the turtles could move freely. The

presence of fishing line on land indicated that the individual was attempting to nest.

When we encountered such a situation, we took notes on the nesting and egg-laying

behavioral patterns, minimizing disturbance by observing using binoculars from 8–10 m

away. After the turtle laid eggs and returned back to the stream, we checked the nest,

recording (1) nest chamber characters (e.g., size and nest materials), (2) clutch size and

egg measurements (length, width, and weight), (2) distance crawled by the female before

nesting (following the fishing line), and (4) straight distance between the nest and the

stream bank. Developing and undeveloping eggs were distinguished by the presence of a

white spot on the eggshell. Relative egg mass (REM) (mean egg weight/body weight before

oviposition) and relative clutch mass (RCM) (clutch weight/body weight before

oviposition = REM � clutch size) were calculated for each gravid female as estimates

of reproductive effort (Wang et al., 2011). To monitor the temperature and humidity

of the nest during incubation, we buried a data logger (HOBO U23-001, Onset Computer

Inc., Bourne, MA, USA) at 10 cm distance to the nest and at the same depth. To prevent

predation, we placed a wire net above the nest.

We checked the nests at least twice a week during incubation. When hatchling turtles

emerged from the nests, we measured their weight, carapace length, carapace width,

plastron length, and body height. Hatchlings were taken back to the field station and

released back to the stream when the yolk sac was completely absorbed. Data loggers were

retrieved after hatchling emergence, and the data were downloaded by HOBOware

Graphing & Analysis Software (Onset Computer Inc., Bourne, MA, USA).

The field study was approved by Administration and Services Center of Nanjing

County, Fujian Province (No. 20141203NJ0173). The animal ethics was approved by

Animal Research Ethics Committee of Hainan Provincial Education Center for Ecology

and Environment, Hainan Normal University (No. HNECEE-2014-003).

Data analysis
Statistical analyzes were performed in SPSS 19.0. Descriptive statistics were expressed by

mean ± standard error. Significance level was set to 0.05. We used linear regression to

investigate the relationship between female body size and clutch or egg size.

RESULTS
Timing and behavior sequence of nesting
The 10 gravid females captured in this study had a mean weight of 329.6 ± 11.8 g, carapace

length of 136.3 ± 1.5mm, carapace width of 94.4 ± 1.1mm, carapace height of 51.3 ± 0.8mm,

plastron length of 121.7 ± 1.5 mm, and plastron width of 78.8 ± 0.9 mm (n = 10).

Among them, six individuals were successfully tracked. The remaining four individuals

were lost because the fishing line broke. The nesting activities lasted from May 3–31.
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For the six females, we recorded 10 nesting activities—four failed attempts and six

successful nesting. All observed nesting activities happened on rainy days and egg laying

only happened at night. The behavior sequences of nesting could be categorized into five

successive steps: (1) nest-site selection, (2) chamber excavation, (3) egg laying, (4) nest

covering, and (5) returning to water.

During the nest-site selection, females emerged from water and made their way into

the forest. Movement was not continuous, but instead occurred in stops and starts.

During the pauses, individuals often elevated their head a few centimeters above the

carapace and move side-to-side a few times, possibly as a vigilance behavior. While

moving, the ground substrate did not impede their movement—they crawled along rocks,

fallen wood, thick leaves, and gentle slopes. Often, females would attempt to dig nests one

to two times before they chose the final site.

After finding the right site, females excavated the nest chamber, alternating between the

two hindlimbs. After completing excavation, females used the rear portion of its carapace

to hit the nest four to six times. The chamber excavation lasted 40–60 min.

After resting approximately 20 min, females would start laying eggs with hindlimbs

straddling the chamber opening. To expel eggs, forelimbs and head would completely

extend then simultaneously withdraw. Body tremors were obvious when the eggs were

released into the nest. In total, egg laying lasted 8–15 min. No vigilance behaviors were

observed during this sequence.

Nest covering began immediately after laying the last egg. Soil and leaves were packed

down using alternate, backward movements of the hindlimbs, followed by a bobbing

motion of the plastron that further compressed the soil and leaves into the nest chamber.

Nest covering lasted 40–70 min.

After covering the nest, females immediately returned to water. While returning to the

water, similar behaviors to those when choosing a nest-site were exhibited, such as

movement in stops and starts, and crawling along rocks and fallen wood.

Nest and egg characteristics
Each of the six tracked females laid eggs in a nest. The number of eggs in each nest

was consistent with the number of oviductal eggs seen in the X-ray, showing all eggs were

laid at once. Straight distance from nest to the stream bank was 8.55 ± 1.23 m (n = 6),

while straight distance from nest to the sites where they emerged from and returned to

water, was 11.47 ± 1.31 m and 16.55 ± 2.93 m (n = 6), respectively. Females crawled a

distance of 42.67 ± 7.18 m (n = 6) to choose a nesting site.

Nests were well camouflaged by leaves and soil (Fig. 3), making it difficult to find nests

without the help of fishing line. The shape of nests was hemispherical, with a diameter

of 70–100 mm and depth of 55–70 mm. Due to the relatively shallow depth, eggs were

often half-buried by soil then covered by leaves.

The mean clutch size was 2.2 ± 0.3 (range 1–3, n = 6). The hard-shell eggs were

ellipsoidal, and weighed 14.8 ± 0.8 g, with a length of 45.5 ± 1.0 mm and width of 23.2 ±

0.5 mm (n = 13). A negative, linear correlation was found between mean egg length

and female plastron width (Pearson correlation coefficient = 0.934, R2 = 0.934, P < 0.05),
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and a positive, linear correlation found between mean egg width and female carapace

height (Pearson correlation coefficient = 0.847, R2 = 0.718, P < 0.05). The mean RCM was

9.47 ± 1.01% (5.14–12.21%, n = 6) and the mean REM 4.60 ± 0.44% (2.98–6.11%, n = 6).

Incubation and hatchling characteristics
Among the 13 eggs inside six nests, 10 were developed (76.9%, 33.3–100% per nest)

and seven successfully hatched (70%, 0–100% per nest). The incubation period was

85–108 days (mean = 94.7 ± 2.5 days; n = 7) and the temperature range during incubation

was 17.51–29.64 �C (mean = 25.08 ± 0.13 �C; n = 7).

The seven hatchlings had a mean weight of 9.7 ± 0.5 g, carapace length of 40.1 ± 0.5 mm,

carapace width of 33.3 ± 1.4 mm, carapace height of 17.4 ± 0.5 mm, plastron length of

31.6 ± 0.5 mm, and plastron width of 25.4 ± 0.7 mm. Hatchlings had soft, reddish-

brown carapaces with curled margins that gradually flattened after several days, orange

plastron and skin, and bright yellow stripes on their neck. Four bright-green eye-spots

were obvious on the head, with the two spots on the same side linked together. A

black dot could be seen in every eye-spot (Fig. 4).

Two hatchings from the same clutch died two days after hatching, probably due to

an ant infestation, as we found many ants on their body when the nest was opened.

The remaining five hatchlings were kept in the laboratory until their yolk sac was

absorbed, after which we released them to the stream in two days.

Figure 3 Well-camouflaged nest and eggs of S. bealei. (A) the nest (denoted by a circle and arrow)

covered by leaves and soil; (B) two eggs inside the nest indicated by the arrow. Photo credit: Qingru Hu.

Full-size DOI: 10.7717/peerj.4997/fig-3
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DISCUSSION
The process of selecting a nesting site is important to females because they are more

vulnerable to terrestrial predators at this time (Spencer, 2002). Therefore, many turtle

species spend less than three hours out of water during the nesting process (Doody et al.,

2009; Booth, 2010). However, we found S. bealei would spend 4–10 h out of water

when nesting. Perhaps the presence of dense forest and shrubs offers protection from

predators. Additionally, the small body size and cryptic coloration (dark-brown carapace)

of S. bealei may contribute to their safety.

Turtle body size has been shown to influence reproductive potential in female turtles

(Valenzuela, 2001), as the area of the pelvic girdle is correlated with female size and may

constrain the size of eggs an individual can oviposit (Bowden et al., 2004). Though

considered a small-sized turtle species, S. bealei produces larger eggs (mean length

45.5 mm, width 23.2 mm, weight 14.8 g) than some larger freshwater species, such as

T. s. elegans (egg length 35.4 mm, width 22.1 mm, weight 10.36 g, Tucker & Janzen, 1998).

Continuing the comparison with T. s. elegans, S. bealei produces smaller clutches

Figure 4 Hatchlings of S. bealei. (A) One hatchling emerging from the nest; (B) one-week old

hatchlings. Photo credit: Qingru Hu (A), Liu Lin (B). Full-size DOI: 10.7717/peerj.4997/fig-4
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(average 2.2 eggs) of larger eggs, while T. s. elegans produces larger clutches (average

12.5 eggs) of smaller eggs. Consequently, the RCM of S. bealei (5.14–12.21%) was

similar to other freshwater turtle species: C. mouhotii (6.9–14.6%, Wang et al., 2011),

C. flavomarginata (2.3–9.2%, Chen & Lue, 1999) and T. s. scripta (3–17%, Ernst & Lovich,

2009). Therefore, the total volume for eggs is relatively similar, but different species

take different approaches to eggs—many small or few big. No correlations were found

in our study between female body size and clutch size or egg size, however this may be

due to small sample size. As we did not continue tracking turtles after nesting, we do not

know whether females nested a second time during the breeding season. However, in

captivity, females usually produced only one clutch per year (Gong et al., 2017b), implying

that S. bealei has a low intrinsic rate of population increase.

The incubation period of S. bealei (94.7 ± 2.5 days at mean 25.1 �C) was relatively
long when compared to T. s. elegans (62.25 days at mean 27.4 �C, Yang, 2014) and
Magdalena River Turtle (Podocnemis lewyana) (59.1 days at mean 32.8 �C, Correa-H et al.,

2010). This is likely due to the nest conditions—S. bealei nests in cooler, shaded forests,

while the other two species nest in open areas with higher nest temperatures.

Both development and hatching rate of eggs (76.9% and 70%, respectively) in our

study were higher than S. bealei in captivity (29.6% and 62.5%, respectively; Gong et al.,

2017b). The natural habitat with lower anthropogenic disturbance may contribute the

higher success of reproduction in field. Ant predation likely contributed to the death of

two hatchling turtles. Ant predation is commonly reported in many other turtle

species (Parris, Lamont & Carthy, 2002; Ferreira Júnior et al., 2011; Buhlmann & Offman,

2001; Correa-H et al., 2010; Yang, 2014; Erickson & Baccaro, 2016). In some cases,

invertebrates including ants, flies, and beetles could infest more than 50% of nests

(Baran et al., 2001). No evidence of vertebrate nest-predators was found in our study,

probably because of the nest protection we constructed.

Successful conservation management of the endangered S. bealei will likely involve

a combination of in-situ and ex-situ approaches. We believe the information on the

reproductive ecology from our study (habitat use, nesting, breeding behavior) will

help guide habitat protection and captive breeding of this rare turtle species endemic

to China.
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Baran İ, Özdemir A, Ilgaz Ç, Türkozan O. 2001. Impact of some invertebrates on eggs and

hatchlings of the Loggerhead Turtle, Caretta caretta, in Turkey. Zoology in the Middle East

24(1):9–17 DOI 10.1080/09397140.2001.10637881.

Bobyn M, Brooks RJ. 1994. Interclutch and interpopulation variation in the effects of incubation

conditions on sex, survival and growth of hatchling turtles (Chelydra serpentina). Journal of

Zoology 233(2):233–257 DOI 10.1111/j.1469-7998.1994.tb08586.x.

Booth DT. 2010. The natural history of nesting in two Australian freshwater turtles. Australian

Zoologist 35(2):198–203 DOI 10.7882/az.2010.008.

Bowden RM, Harms HK, Paitz RT, Janzen FJ. 2004.Does optimal egg size vary with demographic

stage because of a physiological constraint? Functional Ecology 18(4):522–529

DOI 10.1111/j.0269-8463.2004.00861.x.

Buhlmann KA, Offman GC. 2001. Fire ant predation of turtle nests and implications for the

strategy of delayed emergence. Journal of the Elisha Mitchell Scientific Society 117:94–100.

Chen TH, Lue KY. 1999. Population characteristics and egg production of the yellow-margined

box turtle, Cuora flavomarginata, in northern Taiwan. Herpetologica 55(4):487–498.

Correa-H JC, Cano-Castano AM, Paez VP, Restrepo A. 2010. Reproductive ecology of the

Magdalena river turtle (Podocnemis lewyana) in the Mompos Depression, Colombia. Chelonian

Conservation and Biology 9(1):70–78 DOI 10.2744/ccb-0784.1.

Doody JS, Pauza M, Stewart B, Camacho C. 2009. Nesting behavior of the pig-nosed turtle,

Carettochelys insculpta, in Australia. Chelonian Conservation and Biology 8(2):185–191

DOI 10.2744/ccb-0764.1.

Erickson J, Baccaro F. 2016. Nest predation of the yellow-spotted Amazon River turtle

(Podocnemis unifilis, Troschel, 1848) by the fire ant (Solenopsis geminata, Fabricius, 1804) in the

Brazilian Amazon. Herpetological Journal 26:183–186.

Ernst CH, Lovich JE. 2009. Turtles of the United States and Canada. Baltimore: The Johns Hopkins

University Press, 827.

Fan ZQ. 2001. Study on the plant community and their community species diversity in Huboliao

Nature Reserve, Nanjing, Fujian, China. Master’s thesis. Xiamen: Xiamen University.

[In Chinese].

Ferreira Júnior PD, Balestra RAM, Moreira JR, Freitas F de O, Lustosa APG, Jorge RF,

Rosa AJM, Sampaio AA, Gomes AS. 2011. Nesting of Phrynops geoffroanus (Testudines:

Chelidae) on sandy beaches along the Upper Xingu River, Brazil. Zoologia (Curitiba)

28(5):571–576 DOI 10.1590/s1984-46702011000500004.

Gibbons JW. 1982. Reproductive patterns in freshwater turtles. Herpetologica 38:222–227.

Gong SP, Shi HT, Jiang AW, Fong JJ, Gaillard D, Wang JC. 2017a. Disappearance of endangered

turtles within China’s nature reserves. Current Biology 27(5):R170–R171

DOI 10.1016/j.cub.2017.01.039.

Gong SP, Zhong XJ, Tao J, Chen Y, Deng JM, Ge Y, Wei YF. 2017b. Preliminary report on the

captive breeding of Beale′s eyed turtle (Sacalia bealei), an endangered species endemic to China.

Chinese Journal of Zoology 52(2):359–360. [In Chinese].

Lin et al. (2018), PeerJ, DOI 10.7717/peerj.4997 10/11

http://dx.doi.org/10.7717/peerj.4997#supplemental-information
http://dx.doi.org/10.7717/peerj.4997#supplemental-information
http://dx.doi.org/10.1080/09397140.2001.10637881
http://dx.doi.org/10.1111/j.1469-7998.1994.tb08586.x
http://dx.doi.org/10.7882/az.2010.008
http://dx.doi.org/10.1111/j.0269-8463.2004.00861.x
http://dx.doi.org/10.2744/ccb-0784.1
http://dx.doi.org/10.2744/ccb-0764.1
http://dx.doi.org/10.1590/s1984-46702011000500004
http://dx.doi.org/10.1016/j.cub.2017.01.039
http://dx.doi.org/10.7717/peerj.4997
https://peerj.com/


Horne BD, Brauman RJ, Moore MJC, Seigel RA. 2003. Reproductive and nesting ecology of the

yellowblotched map turtle, Graptemys flavimaculata: implications for conservation and

management. Copeia 2003(4):729–738 DOI 10.1643/ha02-213.1.

Hu QR. 2016. Ecological research of the Beal’s eyed turtle (Sacalia bealei) at Huboliao National

Nature Reserve, Fujian, China. Master’s thesis. Haikou: Hainan Normal University. [In Chinese].

Janzen FJ, Tucker JK, Paukstis GL. 2007. Experimental analysis of an early life-history stage: direct

or indirect selection on body size of hatchling turtles? Functional Ecology 21(1):162–170

DOI 10.1111/j.1365-2435.2006.01220.x.

Li C. 2013. The field research of reproduction of Trachemys scripta elegans in Wanquan River,

Hainan Province, China. Master’s thesis, Hainan Normal University. [In Chinese].

Parris LB, Lamont MM, Carthy RR. 2002. Increased incidence of red imported fire ant

(Hymenoptera: Formicidae) presence in loggerhead sea turtle (Testudines: Cheloniidae) nests

and observations of hatchling mortality. Florida Entomologist 85(3):514–517

DOI 10.1653/0015-4040(2002)085[0514:iiorif]2.0.co;2.

Shi HT, Fong JJ, Parham JF, Pang JF, Wang JC, Hong ML, Zhang YP. 2008. Mitochondrial

variation of the “eyed” turtles (Sacalia) based on known-locality and trade specimens.

Molecular Phylogenetics and Evolution 49(3):1025–1029 DOI 10.1016/j.ympev.2008.10.001.

Shi HT, O’Connell D, Parham J. 2005. An action plan for turtle conservation in China. In:

Proceedings of the EAZA Conference, Kolmarden, Sweden. Amsterdam: European Associatino of

Zoos and Aquaria, 47–57.

Spencer RJ. 2002. Experimentally testing nest site selection: fitness trade-offs and predation

risk in turtles. Ecology 83(8):2136–2144 DOI 10.2307/3072045.

Spencer RJ, Thompson MB. 2003. The significance of predation in site selection on turtles: an

experimental consideration of macro-and microhabitat preferences. Oikos 102(3):592–600

DOI 10.1034/j.1600-0706.2003.12436.x.

Tucker JK, Janzen FJ. 1998.Order of oviposition and egg size in the red-eared slider turtle (Trachemys

scripta elegans). Canadian Journal of Zoology 76(2):377–380 DOI 10.1139/cjz-76-2-377.

Tucker JK, Moll D. 1997. Growth, reproduction, and survivorship in the red-eared turtle,

Trachemys scripta elegans, in Illinois, with conservation implications. Chelonian Conservation

and Biology 2:352–357.

Valenzuela N. 2001. Maternal effects on life-history traits in the Amazonian giant river turtle

Podocnemis expansa. Journal of Herpetology 35(3):368–378 DOI 10.2307/1565954.

Van Dijk PP, Iverson JB, Shaffer HB, Bour R, Rhodin AGJ. 2012. Turtles of the world, 2012

update: annotated checklist of taxonomy, synonymy, distribution, and conservation

status. Chelonian Research Monographs 5:243–328 DOI 10.3854/crm.5.000.checklist.v5.2012.

Wang JC, Gong SP, Shi HT, Liu YX, Zhao EM. 2011. Reproduction and nesting of the endangered

keeled box turtle (Cuora mouhotii) on Hainan Island, China. Chelonian Conservation and

Biology 10(2):159–164 DOI 10.2744/ccb-0868.1.

Weisrock DW, Janzen FJ. 1999. Thermal and fitness relate consequences of nest location

in painted turtles (Chrysemys picta). Functional Ecology 13(1):94–101

DOI 10.1046/j.1365-2435.1999.00288.x.

Xiao FR, Shi HT, Sun L. 2014. Sexual dimorphism in body and shape in the four-eyed spotted

turtle Sacalia quadriocellata. Chinese Journal of Zoology 49:528–535 [In Chinese].

Yang JB. 2014. The ecological adaptability of Trachemys scripta elegans in brackish water of Nandu

River, Hainan Island, China. Master’s thesis, Hainan Normal University. [In Chinese].

Zhang MW, Zong Y, Ma JF. 1998. Fauna Sinica, Reptilia. Beijing: Science Press, 140 [In Chinese].

Lin et al. (2018), PeerJ, DOI 10.7717/peerj.4997 11/11

http://dx.doi.org/10.1643/ha02-213.1
http://dx.doi.org/10.1111/j.1365-2435.2006.01220.x
http://dx.doi.org/10.1653/0015-4040(2002)085[0514:iiorif]2.0.co;2
http://dx.doi.org/10.1016/j.ympev.2008.10.001
http://dx.doi.org/10.2307/3072045
http://dx.doi.org/10.1034/j.1600-0706.2003.12436.x
http://dx.doi.org/10.1139/cjz-76-2-377
http://dx.doi.org/10.2307/1565954
http://dx.doi.org/10.3854/crm.5.000.checklist.v5.2012
http://dx.doi.org/10.2744/ccb-0868.1
http://dx.doi.org/10.1046/j.1365-2435.1999.00288.x
http://dx.doi.org/10.7717/peerj.4997
https://peerj.com/

	Reproductive ecology of the endangered Beal’s-eyed turtle, Sacalia bealei
	Introduction
	Methods
	Results
	Discussion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


