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BACKGROUND

One of the topics discussed at a meeting of the Turtle
Action Group (TAG) of India in June 2023 was the
practice of “splitting clutches’, i.e., dividing a clutch of
eggs to create two groups of eggs, before reburial in a
hatchery.

The practice of splitting clutches was first described by
Balasingam (1967). He noted a higher hatching success
(% of eggs that produce a hatchling which leaves the
eggshell; Miller, 1999) from naturally smaller clutches
of leatherback (Dermochelys coriacea) turtle eggs
compared to clutches comprising the average number
of eggs (85-90) in a hatchery. When the clutch size
of eggs moved to a hatchery was manipulated, split



clutches comprising a smaller number of eggs also had
a higher hatching success than unmodified clutches
(Table 1). Balasingam (1967) hypothesised that smaller
clutches generated less metabolic heat, reducing embryo
mortality and increasing hatching success, though this
was not experimentally tested. After the publication by
Balasingam (1967), the practice of splitting clutches was
adopted by most hatcheries in Malaysia (Mortimer et
al., 1994) as a conservation practice to improve hatching
success. Subsequent investigations across species and
hatcheries into the outcomes of this practice produced
mixed outcomes, which may be due to variables such as
nest density and depth which are often not reported.

For example, splitting large natural clutches of olive
ridley (Lepidochelys olivacea) turtle eggs at hatcheries
in India resulted in increased hatching success and may
have mitigated the impact of high temperatures and
metabolic heating (Abraham et al., 1990 in Shanker, 1994;
Mathew et al, 1991) (Table 1). However, statistically
significant variation in hatching success with clutch size
was not reported in these studies, and no information
about nest depth and nest density was provided for the
different clutches. Mathew et al. (1991) also observed
lower mortality of embryos in pipped eggs from split
clutches incubated in a hatchery (Table 1) and speculated
this was due to greater oxygen availability and/or lower
metabolic heat in clutches with fewer eggs. The mortality
rate among pipped embryos was later reduced in natural-
sized clutches by reducing nest density in the hatchery
from 2 nests/m? to 1 nest/m? (Shanker, 1998).

Mortimer et al. (1994) compared the emergence
success of natural clutches of leatherback and hawksbill
(Eretmochelys imbricata) eggs with clutches split to
contain 40-60 eggs at two hatcheries in Malaysia; nest
depth and density in the hatchery were not reported. They
found no significant difference (P>0.05) in emergence
success (the proportion of eggs that hatch to produce
hatchlings that successfully emerge from the nest; Miller,
1999) (Table 1). However, mortality of pipped embryos
of both species, and mortality of late-stage embryos
and hatchlings, was significantly less (P<0.05) in split
clutches. Hence, Mortimer et al. (1994) also suggested
that splitting clutches could be a conservation strategy to
slightly improve hatchling production.

Ibrahim et al. (2002) found no significant difference in
emergence success between natural clutch sizes and
split clutches (Table 1) of green (Chelonia mydas) turtle
eggs at a hatchery in Malaysia; nest depth and density
in the hatchery were not reported. They concluded that
there was no advantage for hatchling production to split
clutches and also pointed out that splitting clutches would

result in increased space requirements and construction
costs for hatcheries (Ibrahim et al., 2002).

Sarahaizad et al. (2022) also conducted a study with
green turtle eggs in Malaysia. They found a significant
difference (P<0.05) between the hatching success of in
situ whole clutches incubated at Kerachut and clutches
collected from Kerachut and Teluk Kampi (Table 1) and
split before incubation in a hatchery at different nest
depths (Sarahaizad et al., 2022). However, the different
incubation locations of eggs in this study and variation
in hatching success among study years suggests that
environmental factors may have contributed to their
findings.

Clarke et al. (2021) investigated the potential for splitting
clutches to reduce nest incubation temperatures as
mitigation for the effects of climate change. They incubated
loggerhead (Caretta caretta) turtle eggs at a hatchery in
Cabo Verde and monitored incubation temperature. Split
clutches incubated at natural nest depth for the species
had nest temperatures ~1°C lower than control nests and
the hatching success was significantly higher, although
the difference was not significant in all study years (Table
1). Splitting clutches had no impact on hatchling size or
vigour (Clarke et al., 2021).

The variation in findings among these studies indicates
that more evidence is required to conclusively
demonstrate the advantages of splitting clutches under
different conditions. The mixed results suggest that
clutch size alone does not explain the variation in success
rates, since variables such as nest depth, nest density, nest
temperature, substrate moisture, and other incubation
conditions can also influence hatching and emergence
success. Current guidelines for hatcheries (e.g., Mortimer,
1999; Phillott & Shanker, 2018) recommend that
incubation conditions, including nest depth and shape,
clutch size etc, should reflect those of the natural nest. The
rationale for duplicating natural incubation conditions
and clutch size is based on the reasons outlined below, all
of which are demonstrated to improve hatchling survival
in several ways.

1. Hatchlings in a larger group benefit from the
synchronous digging activity, spending less time
digging and using less energy to emerge from the
nest as (Rusli et al., 2016). Such hatchlings will
have larger energy reserves for the crawling and
swimming frenzy needed to move hatchlings from
the predator-rich beach and in-shore waters (Gyuris,
1994; Pilcher et al., 2000; Wyneken & Salmon, 1992;
Wyneken et al., 2008) and the following periods
of active swimming and use of currents to reach

w
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offshore waters (Briscoe et al., 2016; Gaspar & Lalire,
2017; Gatto & Reina, 2020; Mansfield et al., 2014;
Putman & Mansfield, 2015; Salmon et al., 1992)
where feeding may commence about a week after
emergence from the nest (Kraemer & Bennett, 1981).

2. Emerging as a member of a larger group of
hatchlings could also reduce the risk of predation
by terrestrial (Erb & Wyneken, 2019; Martins et al.,
2021; Santos et al., 2016) and presumably aquatic
predators. [Note that the advantages of emerging
synchronously in a larger group of hatchlings
from an individual nest should not be confused
with the higher risk of predation to hatchlings
from multiple nests released en masse from
hatcheries, as described by Pilcher et al. (2000)].

3. We do not yet fully understand the biological
function (if any) of vocalisation (sound production)
during embryo incubation and hatchling emergence
from the nest (e.g., Ferrara et al., 2014, 2019; Field
et al., 2021; McKenna et al., 2019) for all species
of sea turtle. If acoustic communication among
embryos and/or hatchlings occurs, then clutch size
may be important. Until this information is known,
managers should be cautious about changing any
incubation parameters that could negatively impact
embryo and/or hatchling biology.

RECOMMENDATIONS
Hatchery managers achieve
hatchling  production  should  ensure  they

are following best practices for hatcheries
(Mortimer, 1999; Phillott & Shanker, 2018) by:

wanting  to high

o collecting and moving eggs to the hatchery within
3 (optimal) to 6 (acceptable) hours after oviposition
to minimise movement-induced mortality (Limpus
et al, 1979; Parmenter, 1980; Williamson et al.,
2017), and

« ensuring nest density is no more than 1 nest/m’ to
minimise the potential for hypoxic (low O,) and
hypercapnic (high CO,) conditions to develop in the
nest (Clusella Trullas & Paladino, 2007; Honarvar
et al., 2008) and reduce the likelihood of metabolic
heat produced by one clutch of eggs (Deeming,
2004) affecting an adjacent clutch of eggs, and

o digging hatchery nests to the depth of the original
nest or the known average for the species so that
eggs incubate in thermal conditions for which the
species are adapted (Santidrian Tomillo et al., 2017).

If hatchery managers are concerned that conditions
in the nest could be reducing hatching and emergence
success rates or skewing hatchling sex ratios to female,
they can do the following to make an informed decision
about managing hatchery nests based on valid data:

e monitor the nest temperature throughout the
duration of incubation to calculate the embryos
cumulative exposure to high temperatures (Bladow
& Milton, 2019) and use the data to determine
if temperature mitigation using shading and/or
watering) is required (e.g., Esteban et al., 2018;
Gatto et al., 2023; Lolavar & Wyneken, 2021;
Reboul et al., 2021; Staines et al., 2020; Wood et al.,
2014), and/or

o monitor the nest temperature during the
thermosensitive period (the time interval of
incubation when temperature affects sexual
differentiation of the gonads; Mrosovsky & Pieau,
1991) and use the data to predict hatchling sex
ratios (Girondot et al., 2018), and/or

o determine the stage of development (Miller, 2017)
at embryo mortality to determine if it coincided
with specific environmental events (such as high
temperatures) during incubation (Mortimer et al.,
In Press), and/or

« monitor respiratory gases in the nest conditions
to assess if hypocapnia and/or hypoxia is being
experienced by developing embryos (late-stage
embryos are most vulnerable; see Lyons et al,
2022).

In conclusion, there is not yet a substantial body of work
that demonstrates splitting clutches increases hatching
success without impacting hatchlings. Indeed, splitting
clutches might increase the energy for hatchlings to
escape the nest and increase the risk of depredation on
the beach and while swimming through inshore waters.
Until stronger evidence emerges, clutch splitting should
be considered experimental, implemented with careful
monitoring, and evaluated against natural-sized controls.
If the decision is made to split clutches for incubation in a
hatchery, then hatchery managers should:

o record data about original and split clutch size,
nest depth, incubation period (in days), hatching
and emergence success, and indicators of hatchling
fitness (e.g., crawl speed, righting ability, swim speed)
to compare with the same data for clutches of natural
size to assess if splitting clutches is having an impact
on hatchlings produced from the hatchery, and

o report such information to help other hatchery



managers understand if the splitting clutches has any
benefits or should be avoided.

Literature cited:

Abraham, C., K. Shanker & Y. Thiruchelvam. 1990. Conservation
and Management of Sea Turtles on the Madras Coast: 1989-
90. Unpublished report prepared for the Students’ Sea Turtle
Conservation Network.

Balasingam, E. 1967. The ecology and conservation of the
leathery turtle Dermochelys coriacea (Linn.) in Malaya.
Micronesica 3: 37-43.

Bladow, R.A. & S.L. Milton. 2019. Embryonic mortality in
green (Chelonia mydas) and loggerhead (Caretta caretta) sea
turtle nests increases with cumulative exposure to elevated
temperatures. Journal of Experimental Marine Biology and
Ecology 518: 151180. DOI: 10.1016/j.jembe.2019.151180.

Briscoe, D.K., D.M. Parker, G.H. Balazs, M. Kurita, T. Saito, H.
Okamoto H, M. Rice, et al. 2016. Active dispersal in loggerhead
sea turtles (Caretta caretta) during the ‘lost years. Proceedings
of the Royal Society B: Biological Sciences 283: 20160690. DOI:
10.1098/1rspb.2016.0690.

Clarke, L.J., R.L. Elliot, E. Abella-Perez, S.R. Jenkins, A. Marco,
S. Martins & L.A. Hawkes. 2021. Low-cost tools mitigate
climate change during reproduction in an endangered marine
ectotherm. Journal of Applied Ecology 58: 1466-1476.

Clusella Trullas, S. & E.V. Paladino. 2007. Micro-environment of
olive ridley turtle nests deposited during an aggregated nesting
event. Journal of Zoology 272: 367-376.

Deeming, D.C. 2004. Reptilian Incubation: Environment,
Evolution and Behaviour. Nottingham University Press,
Nottingham UK.

Erb, V. & J. Wyneken. 2019. Nest-to-surf mortality of
loggerhead sea turtle (Caretta caretta) hatchlings on Florida’s
east coast. Frontiers in Marine Science 6: 271. DOI: 10.3389/
fmars.2019.00271.

Esteban, N., J-O. Laloé, ES.PL. Kiggen, S.M. Ubels, L.E.
Becking, E.H. Meesters, J. Berkel, et al. 2018. Optimism for
mitigation of climate warming impacts for sea turtles through
nest shading and relocation. Scientific Reports 8: 17625. DOIL:
10.1038/s41598-018-35821-6.

Ferrara, C.R., R.C. Vogt, M.R. Harfush, R.S. Sousa-Lima, E.
Albavera & A. Tavera. 2014. First evidence of leatherback
turtle (Dermochelys coriacea) embryos and hatchlings emitting
sounds. Chelonian Conservation and Biology 13: 110-114.

Ferrara, C.R., R.C. Vogt, R.S. Sousa-Lima, A. Lenz & J.E.
Morales-Mavil. 2019. Sound communication in embryos and
hatchlings of Lepidochelys kempii. Chelonian Conservation and
Biology 18: 279-283.

Field, A., J.K. McGlashan & M. Salmon. 2021. Evidence for
synchronous hatching in marine turtle (Caretta caretta)
embryos and its influence on the timing of nest emergence.
Chelonian Conservation and Biology 20: 173-183.

Gaspar, P. & M. Lalire. 2017. A model for simulating the active
dispersal of juvenile sea turtles with a case study on western
Pacific leatherback turtles. PLoS ONE 12: e¢0181595. DOLI:
10.1371/journal.pone.0181595.

Gatto, CR. & R.D. Reina. 2020. The ontogeny of sea turtle
hatchling swimming performance. Biological Journal of the
Linnean Society 131: 172-182.

Gatto, C.R,, S.A. Williamson & R.D. Reina. 2023. Mitigating the
effects of climate change on the nests of sea turtles with artificial
irrigation. Conservation Biology 37: e14044. DOI: 10.1111/
cobi.14044.

Girondot, M., J. Monsinjon & J-M. Guillon. 2018. Delimitation
of the embryonic thermosensitive period for sex determination
using an embryo growth model reveals a potential bias for sex
ratio prediction in turtles. Journal of Thermal Biology 73: 32-40.

Gyuris, E. 1994. The rate of predation by fishes on hatchlings of
the green turtle. Coral Reefs 13: 137-144.

Honarvar, S., M.P. O’Connor & J.R. Spotila. 2008. Density-
dependent effects on hatching success of the olive ridley turtle,
Lepidochelys olivacea. Oecologia 157: 221-230.

Ibrahim, K., J. Van de Merwe & J. Whittier. 2002. Full or split
clutches- which strategy should be adopted in managing marine
turtle hatchling production. In: Proceedings of the 3" Workshop
on SEASTAR2000 (ed. Arai, N.). Pp. 111-114.

Kraemer, J.E. & S.H. Bennett. 1981. Utilisation of posthatching
yolk in loggerhead sea turtles, Caretta caretta. Copeia 1981: 406-
411.

Limpus, C.J., V. Baker & J.D. Miller. 1979. Movement induced
mortality of loggerhead eggs. Herpetologica 35: 335-338.

Lolavar, A. & J. Wyneken. 2021. Effect of supplemental watering
on loggerhead (Caretta caretta) nests and hatchlings. Journal of
Experimental Marine Biology and Ecology 534: 151476. DOI:
10.1016/j.jembe.2020.151476.

Lyons, M.P,, B. Von Holle & J.F. Weishampel. 2022. Why do sea
turtle nests fail? Modeling clutch loss across the southeastern
United States. Ecosphere 13: €3988. DOI: 10.1002/ecs2.3988.

Mansfield, K.L., J. Wyneken, W.P. Porter & J. Luo. 2014. First
satellite tracks of neonate sea turtles redefine the ‘lost years’
oceanic niche. Proceedings of the Royal Society B: Biological
Sciences 281: 20133039.

Martins, S., L. Sierra, E. Rodrigues, J. Onate-Casado, I. Torres
Galan, LJ. Clarke, et al. 2021. Ecological drivers of the high
predation of sea turtle hatchlings during emergence. Marine



ndian Ocean Turtle N¢

Ecology Progress Series 668: 97-106.

Mathew, J., R. Rajogopal & K. Shanker. 1991. Conservation and
management of sea turtles on the Madras coast. Unpublished
report prepared for the Students’ Sea Turtle Conservation
Network.

McKenna, L.N., EV. Paladino, P. Santidridn Tomillo & N.J.
Robinson. 2019. Do sea turtles vocalise to synchronise hatching
or nest emergence. Copeia 107: 120-123.

Miller, J.D. 1999. Determining clutch size and hatching success.
In: Research and Management Techniques for the Conservation of
Sea Turtles (eds. Eckert, K.L., K.A. Bjorndal, EA. Abreu-Grobois
& M. Donnelly). Pp 124-129. IUCN/SSC Marine Turtle Specialist
Group Publication No. 4.

Miller, J.D., J.A. Mortimer & C.J. Limpus. 2017. A field key to the
developmental stages of marine turtles (Cheloniidae) with notes
on the development of Dermochelys. Chelonian Conservation
and Biology 16: 111-122.

Mortimer, J.A., Z. Ahmad, S. bin Kaslan, M.D. bin Daud, D.
Sharma & S. Alkanathan. 1994. Evaluation of the practice of
splitting sea turtle egg clutches under hatchery conditions in
Malaysia. In: Proceedings of the 13th Annual Symposium on Sea
Turtle Biology and Conservation (eds. Schroeder, B.A. & B E
Witherington). Pp.118-120. NOAA Technical Memorandum
NMES-SEFSC-341.

Mortimer. J.A., ].D. Miller & C.J. Limpus. In Press. Guide to
staging, phasing, and aging embryonic mortality. In: Research
and Management Techniques for the Conservation of Sea Turtles
(Eds. Fuentes M.M.P.B., A.D. Phillott & A.F. Rees). IUCN-SSC
Marine Turtle Specialist Group Publication.

Mrosovsky, N. & C. Pieau. 1991. Transitional range of
temperature, pivotal temperatures and thermosensitive stages
for sex determination in reptiles. Amphibia-Reptilia 12:169-179.

Parmenter, C.J. 1980. Incubation of the eggs of the green sea
turtle, Chelonia mydas, in Torres Strait, Australia: The effect of
movement on hatchability. Australian Wildlife Research 7: 487-
91.

Phillott, A.D. & K. Shanker. 2018. Best practices in sea turtle
hatchery management for South Asia. Indian Ocean Turtle
Newsletter 27: 31-34.

Pilcher, N.J., S. Enderby, T. Stringell & L. Bateman. 2000.
Nearshore turtle hatchling distribution and predation. In:
Sea Turtles of the Indo-Pacific: Research, Management, and
Conservation (eds. Pilcher, N.J. & M.G. Ismail). Pp. 151-166.
ASEAN Academic Press: Sarawak.

Putman, N.FE & K.L. Mansfield. 2015. Direct evidence of
swimming demonstrates active dispersal in the sea turtle “lost
years”. Current Biology 25: 1221-1227.

Reboul, I, D. Booth & U. Rusli. 2021. Artificial and natural
shade: Implications for green turtle (Chelonia mydas) rookery
management. Ocean and Coastal Management 204: 105521.

DOI: 10.1016/j.ocecoaman.2021.105521.

Rusli, M.U,, D.T. Booth & J. Joseph. 2016. Synchronous activity
lowers the energetic cost of nest escape for sea turtle hatchlings.
Journal of Experimental Biology 219: 1505-1513.

Salmon, M., J. Wyneken, E. Fritz & M. Lucas. 1992. Seafinding
by hatchling sea turtles: Role of brightness, silhouette and beach
slope as orientation cues. Behaviour 122: 56-77.

Santos, R.G., H.T. Pinheiro, A.S. Martins, P. Riul, S.C. Bruno,
EL. Janzen & C.C. Ioannou. 2016 The anti-predator role of
within-nest emergence synchrony in sea turtle hatchlings.
Proceedings of the Royal Society B 283: 20160697. DOI: 10.1098/
rspb.2016.0697.

Santidrian Tomillo, P, L. Fonseca, EV. Paladino, J.R. Spotila
& D. Oro. 2017. Are thermal barriers “higher” in deep sea
turtle nests? PLoS One 12: €0177256. DOI: 10.1371/journal.
pone.0177256.

Sarahaizad, M.S, M.S. Sharul-Anuar & A.J.K. Chowdhury. 2022.
The survival rate from splitting clutch design method for green
turtle’s relocated nest in Penang Island, Malaysia. Tropical Life
Sciences Research 33: 107-127.

Shanker, K. 1994. Conservation of sea turtles on the Madras
coast. Marine Turtle Newsletter 64: 3-6.

Shanker, K. 1998. Conservation and management of the olive
ridley on the Madras coast in south India. In: Proceedings of the
Eighteenth International Sea Turtle Symposium (comps. Abreu-
Grobois, FA., R. Brisefio-Dueias, R. Marquez & L. Sarti). Pp.
29. NOAA Technical Memorandum NMFS-SEFSC-436.

Staines, M.N., D.T. Booth, C.A. Madden Hof & G.C. Hays. 2020.
Impact of heavy rainfall events and shading on the temperature
of sea turtle nests. Marine Biology 167: 190. DOI: 10.1007/
$00227-020-03800-z.

Williamson S.A., R.G. Evans & R.D. Reina. 2017. When is
embryonic arrest broken in turtle eggs? Physiological and
Biochemical Zoology 90: 523-532.

Wood, A., D.T. Booth & C.J. Limpus. 2014. Sun exposure, nest
temperature and loggerhead turtle hatchlings: Implications for
beach shading management strategies at sea turtle rookeries.
Journal of Experimental Marine Biology and Ecology 451: 105-
114.

Wyneken, J. & M. Salmon. 1992. Frenzy and postfrenzy
swimming activity in loggerhead, green, and leatherback
hatchling sea turtles. Copeia 1992: 478-484.

Wyneken, J., S. Madrak & M. Salmon. 2008. Migratory activity
by hatchling loggerhead sea turtles (Caretta caretta L.): Evidence
for divergence between nesting groups. Marine Biology 156:
171-178.



