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EXECUTIVE SUMMARY:

In recent times the consequence lohate changes profoundly observed ltb ata global and local
level. Thespecies resilience and vulnerability should be ascertained with a long term monitoring
programmefor robust conservation effortén Maharashtra Olive ridley turtle conservatiorbeen
implementedor almost twedecade with fair succes8nalysis of nesting data from 2002 onwards
clearly shows a majahift in the peak nesting seasoom Dec / Jan to Feb / March viz: from winter
nesting to summer nesting. In sea turtles temperature plays a significant role in sex determinatic
embryonic developmenand growth hatching and emergence atmtomotory movements of
hatchlings.Global warming increasing the ambient temperature coupled with shift in nesting seaso
extending in summas a major threat to this nesting populatidime threat is in the form of increase

in the femalebiased sex ratio of the pdpation, decrease in hatching and emergence success, anc
development omall hatchlings which might be having defect in locamotmoments reducing
their survival rate in open waters.

To mitigate the effect of climate chandgegetproject aims to implemert long term temperature
monitoring programme so that conservatsdforts can be improssed for it to succeed\ customised
temperature data logger was installed on seven sites during nesting Bealsomary resultshows
increase mortality of embrycedreasing the hatching success due to high temperature. At some site
emergence successnsgativelyaffected due to increase temperature and hardness oFPsmtd.SD
period it is required to keep the nest temperature within tolerance limit °6f 28 32°C by

appropriate techniques

2| Page



Report on 6Studying the incubation temperatu
(Lepidochelysolivacea i n t he coast of Maharasht

ACKNOWLEDGEMENT

I'm grateful to my PhD supervisor and mentor Dr K Sivakumar in giving me an opportunity to work
on sea turtles. He has been a vital support for me to work on a larger\&&abmth arethankful to

Shri N Vasudevan RCCF Mangrove cell & Director, Mangrove ad Marine Biodiversity
ConservationFoundationof Maharashtrafor selectingthis project for fundingl'm grateful to Dr
Manas Manjekar fortrustingmy ideas, initiating the process and helping me in all the administrative
work makingtheworking of the projecteasy.

The projects not a oneman show buis the collective effort of theocal beach manageend locals
who had actively helped us the execution ofthe project.Shri Pradeep Dingankar of Gaokhadi
beach needs special mention. His enthusigsompt action and full cooperatidmave helped us
collect most of important data relatedturtle nestingWorking with him makeshings very easy and
comfortable on field.Shri Rakesh Patil of GaokhadiShri Ajinkya Kelaskar of Anjarla,Shri
Dattaram \anarkar of DabholShri Sagar Maladkaof Tambaldeg also contributed majorly for this
project. Ajinkya and Dattabhau taking time out from their regular schedule assistad poet i
hatching data collection and their efforts are highly appreciatédgraeful to Shri Suhas Toraskar
of Vayangani,Shri Pravin Todankarand Shri Deepak Mahajan of Kolthare artshri Mangesh
Padwal of Divegafor their cooperation in thiproject and look forwardo their continued suppart
lam grateful to Shri Vaibhav Phadke, Shri Marathe, Shri Omkar Ranad¢hdor voluntay

participationprovidinglogistic support in installing the dataloggeitatinitial phase.

Lastly, | would like to thank PCCF (WL) ahe Maharashtra state forestggtment for granting me
permission to work on Schedule | speciesspecially thank Shri V K Surve DFO Chiplun

Ratnagiri for his cooperation and patience.

This project wono6t have been clyBpriKeshoeJambhekah o L
of Syslab Automation Pvt Ltd Puweho hascustomisedt for sea turtle research. Very patiently and
carefully he understood my requirement and worked on the instrumeapoarity basis. | must

mention his efforts iprovidingvalidationservice fortheinstrumentsafter the field use.

Sumedha Korgaonkar
October 2019

3| Page



Report on 6Studying the incubation temperatu
(Lepidochelysolivacea i n t he coast of Maharasht

CONTENTS

EXECUTIVE SUMMARY ... ittt e e e e e e e e e e s e e eeenaanes
INTRODUGCTION. ...ttt e et e e e e e e ettt ee e e s s e e b a e et e e e e e e e e e et e enennnnnnnnns 6
OBJECTIVES OF PROJECT ... .ottt e e e et e e e e e e e e e e e eees
STUDY SITES PLANNED / ACTUAL....coiiiiiiiie ettt e e e e s e e e e e e as 6
ACTIVITIES PROPOSED / ACTUAL ...cettitttttiee ettt a e e e e e e e e s e e s s n e
METHODOLOGY. ...ttt sttt e ettt ettt e s £ £ 51511 n e e e e e e e e e e e eesd -8
RE S U L T ..ot et e e e e e et ettt e e e e e e e e e e e e e e e e e e e ¢ —— 16 13
DISCUSSIONANA CONCLUSION......ciiiiiiiiiiiiiee s sttt e e e e e s e aannnnneeeee e e annnes 118
SUGGESTIONS. ... e e ee e 15
FUTURE SCOPE..... e e e e e et
REFERENGCES . ... e et e e e e e e e e e s 16

4| Page



Report on 6Studying the incubation temperatu
(Lepidochelysolivacea i n t he coast of Maharasht

List of Acronyms

IUCN: International Union for Conservation of Nature.

ICCB: International Congress for Conservation Biology.

mAH : Milli amperehour.

RTD : Resistance thermometer.

WDT : Watchdog timer.

RTC : Realtime clock.

GSM : Global system for mobile communication.

IP 65 : Enclosure rated as du#ght and protected against water.
SCB : Society for Conservation Biology.

TSD : Thermosensitive period for sebetermination.

List of Tables

Table 1: Comparative data thfe TSD periodfrom 3 sites
Table 2:Post hatching investigatiasf the neshaving sensors
Tale 3: Percentage hatching and emergence success of nests from site 1 & 2 without sensors.

List of Graphs

Graph 1 : Shift in the average peak nesting season.

Graph 2 : Mean TSD of nest & sand temperaftom 3 sites.

Graph 3 : Predicting sex ratio by considering temperature during TSD period.
Graph 4a: Hatching and emergence temperature.

Graph 4b: Comparison of hatching and emergence success.

Graph 5 : Brcentage hatching and emergence success of nest without sensors

List of Pictures

Picture 1:Dataloggerunit.

Picture 2: Installation of data loggen thefield.

Picture 3: Stages of development of hatchlings at mortality.
Picture 4: ICCB 2019 Conference poster amdti@icate.
Picture 5 Beach managesarticipaed in the project.

5|Page



Report on 6Studying the incubation temperatu
(Lepidochelysolivacea i n t he coast of Maharasht

INTRODUCTION:

The most populous among sea turtles are the olive ridley considered, vulnerable by IUCN and
protected a Scheduled | species by Wildlife Protection Act 1972 of India. The east coast of Indiz
has both mass nesting and solitary nesting population whereas the west coasly sditary
nesting. Both thepopulatiors are geephysically isolated forming India®cean east and Indian
Ocean west population. Maharashtrathe west coast of India hasly olive ridleyturtles nesing

sites For two decades, a lot of conservation effortstly state forest department involving local
community is implementedwith fair success. The current project focused on using modern
technology which will help in improvisation of conservation management in a present scenario
climate change. The use alustomiseddigital temperature data logger is most important to
understand # sex ratio of the released hatchlings and analyse the effect of temperature on hatchi
and emergence success over a long period of time. It is expected to cotdribitigating the effect

of extreme temperature on developing eggs thereby increasrtatbhing and emergence success
ratio. The report provides the objective, methodology, analysis, and outcome of the project wi

suggestions for future conservation management.
OBJECTIVES OF THE PROJECT:

1. To determine the incubation temperatureghaf nesting population of olive ridley turtles in the
coast of Maharashtra.

2. To evaluate the effect of the temperature on the hatching and emergence success rate.

STUDY SITES:

ProposedSites
Site No Geographical locations Latitude Longitude
1. Diveagar 18.16673° N 72.98218° E
2. Anjarle 17.8568° N 73.0966° E
3. Kolthare 17.65204° N 73.13324° E
4. Dabhol 17.58463° N 73.17392° E
5. Gaokhedi(SCB project) 16.80438° N 73.31700° E
6. Madban 16.5955° N 73.3429° E
7. Vaigani vengurla 15.87235° N 73.60780° E

Actual Sites: Due to very W nesting this season in Madhahe site was changed and thata logger was
installed at Tambalded §6.3010° N, 73.4018° [ All the otherproposeditesremained the same
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ACTIVITIES:
Sr.No Activity Timeline
Planned Actual

1. Lab prototype of customised temperature ¢ Jan 2019 Jan 2019
logger ready with the vendor

2. Ordering of the data loggers after receiving | By 23¢Feb 2019 22" Feb 2019
sanctiordamount

3. Receiving the data logger and installing it | By 15°March 2019 | 9" 15" March
study sites with data collection of one day.

4. Submission of %interim report By 20" March 26" March

5. Data collection and charging of batteries on| March end / April ¥ | March, April, May
sites week

6. Data collection and charging of batteries on| April end / May
sites week

7. Final data collection (as per availability of n¢ May end / ¥ week| May end
on various sites) and data logger handing ¢ of June
to Mangrove Foundation.

8. | Validation of data logger by the vendor f _ June and July
guality assurance.

9. Presentation of research work in Internatio _ 20" June i 25"
conference (ICCB 2019) held in Malaysia. June.

10. | Data analysis and report submission June end/<iweekof | Julyi Sept 2019

July
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METHODOLOGY:

Procurement of customised Datd.ogger: A temperature data logger used in industries was
modified& customized by Mr Kishor Jambhekar of Syslab Automation Pvt Ltd (https://syslab.co.in)

for its optimized use in field conditions.

The technical specifications are as follows:

Battery capacyt = 3.7 V/ 8000 mAH

Battery life (minimum) = 30 days

Inbuilt Battery Charging Circuitry = YES

Battery Charging Source = 5 Volts source (power bank)

No. of Analog Interfaces available = 8 RTD (PT 100 sensors)
Temperature measurement accuracy = = 0.1deg

Data storage source & its capacity = 8 GB micro SD card
External WDT & RTC provision facility = yes

© ©®© N o g M w DR

Data log timing interval = 1 min to 20 mins. It can be set as per requirement.

10.Data can be transfer to thegtop from the unit in Excel files.

11.Warranty is for one yar for any manufacturing defect.

1 The samalevice is compatible witthe GSM interface facility by which data can be received
through thecloud by using mobile SIM.

1 The samalevice is compatible with solarpanel for charging the batteries.

9 The device is encased in IP 65 box which is resistant to corrosion.

Installation of Datalogger. All six data loggersvereprocured and installed on sites as per the given
work plan. The dta loggersvereinstalled at Diveagar in Raigad district, Anjarla, Kolthare, Dabhol
in Ratnagiri district;Tambaldeg an®¥ayangani in Sindhudurg district. Madban site was changed due
to very low nesting anhstead,Tambaldeg was selected as one of thdyssites The 7" data logger
funded by SCBwvasinstalled at Gaokhadi in Ratnagiri district. @we sites the datalogger unit was
further placed inthermacolbox. At someplaces,they are buried in sand and other sites just kept
inside the hatchernt Tambaldeg and Vayangani the uwiisplacedon sandvithout anythermocol
box.

Data collection: The beachmanagersvere instructecbout the installation and use of the data
logger.They were told tgut sensors onlin thefreshly relocatediest and not insidan existing

nest. On all the sites one of thensorsvasplaced half a feet beneath the saondecord the
temperature of sand without eggentrol). The secondensowasplaced exposetb air orplaced
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on theupperlayer ofsand to get theurroundingair/ upper santemperature and other six sensors
were free to be placed in the middle of tiest

Posthatching and after the release of hatchlings,unhatched ggs were collected from Anjatla
Dabhol and Gaokhadiom thenest with and without sensors. Development stage at mortadisy w
identified as peCrastz(1982.

RESULTS:
Peak nesting season.

The data of peak nesting season from 2002 to 2006 and 20149csB6ws a major shift of peak
nesting from winterto the summer season. Nesting after 15 Februasults in incubation period

extendingto April and early May The incubation periodoincides with highrambient temperature

No of nests 2002 2003 No of nests 2014 - 2015
0. 70 - e 2015 - 2016
e 2003 -2004 2016 - 2017
—
50 | e 2018 - 2019
20 4
40 -
15 A
30 4
10 A
20
54 10 -
0 —— 0.
Nov Dec Jan Feb Mar April Nov Dec Jan Feb Mar April
[ Winter nesting [ Summer nesting | [ Winter nesting | Summer nesting
Nesting period Nesting period

Graph 1 Shift in theaveraggpeak nesting period ilaharashtraver a period of 17 yeafsom winter nesting to summer

nesting. Data source: Sahyadri Nisarga M{8BIM) report and Maharashtra State Forest Department.

Temperature Sex Determination (TSD) period ofncubation

The TSDperiod (Thermosensitive periodjor olive ridley turtle is from 10 day till 22 day ofthe

50 daysof incubationperiod where the sex is determinebh olive ridley turtles only males are
devebped when the temperature @s28°C andonly females developed whethe temperature is
above 31.5°GDavenport, 1997)The pivotal temperature where both males and females developec
in 1: 1 ratio is 29.5°Qor this speciesFor analysisTSD period of thosaests having sensors for the

complete incubation period of 50 days weoasidered.
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Sitel: Anjarla Site2: Dabhol Site3: Tambaldeg
Day The Temperature %4 The Temperature The
(TSD f-(raZTiﬁes}irgteu;rt/é temperature feet inside temperature of| % feetinside | temperature
in °C (Control of nest ¥ feet sand in °C nest % feet sand in °C of nest 2 feet
period) | " C(Cono) | Snsigeinec | (Control) insidein°C | (Control) | inside in °C
10" 325 321 34.15 34.1 32.42 324
11t 323 321 343 34.07 32.26 32.30
120 324 321 34.4 33.92 32.23 32.29
13 325 32.2 34.38 33.81 32.41 32.42
14h 326 32.3 34.55 33.72 324 32.44
15" 328 324 35.22 33.83 324 32.45
16" 32.9 326 35.46 33.99 32.45 32.49
17 33 32.8 35.36 34.05 32.6 32.63
18" 33.2 32.9 34.68 33.84 32.75 32.79
19" 33.2 33.1 34.79 33.73 32.98 32.99
20" 33.3 33.3 35.35 33.83 33.09 33.11 Table 1: Comparative
218 335 33.5 35.19 33.98 33.06 33.05 data of 3sites during the
TSD period of 18) day
Mean 328 32.6 34.82 33.9 32.58 32.61
till the21% day of
Max 335 335 35.46 34.1 33.09 33.11 _ _
incubation.
Min 32.3 32.1 34.15 33.72 32.23 32.23
. . . Site 1 (Anjarla)
At site 1 adifference of 0.9C i 0.2°C was observed Mean temperature of nest and sand
335 -
between the controend the nest with eggsThis | | a3 |
difference is insignificant. Both the temperatures's s, . e Sand
. . 2 e N ESt
showeda gradual increase from f0day till 215 day g 32 -
. . i £
with min temperature of 32.1°Gnd a maximum |& 315+
1 2 3 45 6 7 8 9 1011
temperature of 33.8. In site 2 ie Dabhol a difference TSD from 10 day till 225 day of incubation
of 1°C is observed between titemperature of control Site 2 (Dabhol)
. Mean nest and sand temperature
and nest.The temperature of thaest is constant af —— Sand ——— nest
O 36.00
34°C throughout the TSD period but that of contr £ 5 &
L 3
shows variation. g 34.00
- . . S 33.00
Insignificant variationwas seen in temperature thfe 8 2500

1 2 3 4 5 6 7 8 9 10 11

sand and of neshroughout the TSD perioth site 3 : ) ,
TSD from 10day till 21tday of incubation

The increase in the temperatureggiadual from 32.2C

to 33C. Site 3 (Tambaldeg)
Mean nest and sand temperature

Graph 2 a) Site 1: The temperature of the control and nest increa O 335
correspondingly inthe TSD period. B) Site 2: Temperature of the nest E 33
considerably constant at & but that of control shows variatiof) Site3: The % 325 e Sand
temperature of control and nest is absolute/same with a small increase of 0.§ g’_ 32 ===Nest
) S
°C throughout the TSD period. 3]
'_
315 T T T T T T T T T T

1234567891011
TSD from 10th day till 21st day of incubation
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The ambient upper sand temperature on all the 3 sites shows huge variation witlempeirature

of 25°C to max temperature of 8C throughouthe incubation period

Predicting the Sex Ratio

Thetemperature duringhe TSD period differamong
sites. Avg temperature duringf'SD at site 1 & 3is
well below 33C while in site 2it is above 33°C.
The sex of the develapg

hatchlingcan bepredictedas femalesat all the sites.

e ANjarla e Dabhol Tambaldeg

35
O
v 34 —_— = ————
o}
[} e
g 32
& 31 T T T T T T T T T T 1

Comparison of TSD period

1 2 3 45 6 7 8 9 1011
TSD from 10th day till 21st day of incubation

Graph 3: Prediction of sex ratfoom the TSD period.
Hatching and Emergence temperature:The hatchlings hatch in

the nest-3 days prior to

emergence fronthe nest The hatching an
emergncetemperature of the nest in Dabh
is between 3T to 38C which might be
resulting ina high percentage of unhatch

eggs and less hatching and emeogesucces
(33%). Similarly, on-site 1 ie Anjarla the
temperaturés above 3%C andthe % hatching

and emergence success is also less ( 22%)

emergence. Hatchirgnd emergence of success are observed to be 86%.

Anjarla Dabhol Tambaldeg

ONest No 8 20 8

Date of Nesting 27-Mar 20-Mar 26-Mar

No of eggs 89 136 95

Date of hatching 13-May 07-May 14-May
~ANo of
“¥ Live hatchlings released 17 44 82

# Dead hatchlings 3 1 nil

# Piped dead nil nil nil

# Unpiped dead but develope 61 1

# Unfertilized / early mortality 8 20

% Hatching success

22%

86%

% Emergence success

19%

86%

% unhatched eggs

88%

14%

Table 2: Nesting data of the nests with sensors on 3 sites.

whereas at site 3 ifambaldeg théemperature is below 3@ and drops to 316 at the time of

Hatching and emergence temperature
e ANjar|a === Dabhol Tambaldeg

40.00
38.00
36.00
34.00
32.00
30.00
28.00

——

temperature

100% B Anjarla
b -

80% -
60% -
40% -

20% -

Hatching and Emergence

0% -
% H

%E

% Hatching and %Emergence on 3 sites

Dabhol m Tambaldeg

% UH

Graph4a: Temperature of the nest tirelast four days of incubation on 3 sites considered together as hatching and emergence tenGrayatiute.

Comparison of hatching and emergence success in percentage on all the 3 nesting sites. H is hatching, E is emergenoeatsaidhdid.i
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Additional data of hatching and emergence wre collected from site 1 and 2Post hatching and
releaseof hatchlings,the nest were opened and nest examined for empty shells, dead hatchling
piped dead, upiped dead but developed, unfertilizeakly mortdity.

Site 1: Anjarla Site2: Dabhol
Sampl t
nopie nes 1 2 3 4 5 6 7 1 2 3 4 5 6
Date of
Nesing 26-Jan 15Feb 17-Feb 27-Feb 13-Mar 14-Mar 27-Mar 25-Jan 17-Feb 22-Feb 25-Feb 01 Mar 20-Mar
No of eggs 104 112 83 132 64 113 89 88 88 108 131 143 136
ﬁ:::ii"n; 17-Mar 06Apr | 08Apr 18Apr | 02May 03May | 13May 30-Mar _ 20Apr | 20Apr | 21-Apr | 07-May
No of
# Live
hatchlings 71 75 23 68 32 31 17 43 nil 12 23 21 44
released
Ay 70 75 21 68 - - - 46 14 27 27 23 45
shdls
b Bt nil 1 il 1 1 2 3 2 12 15 8 1 1
hatchlings
# Pipeddead nil nil nil nil nil nil nil 7 nil 1 1 94 nil
# Unpiped
dead but 20 18 22 52 15 69 61 31 52 79 84 15 71
developed
#Unfertilized /
early 11 17 40 7 16 11 8 5 24 1 15 12 20
mortality
. .
S/ Z;Ztsc:'"g 68% 68% 2% 50% 49% 29% 22% 51% 13% 25% 23% 15% 33%
0
S/ Z'i?:srgence 68% 67% 27% 51% 50% 27% 19% 48% 0% 11% 17% 14% 32%

Table3: Percentage Hatching and Emergence success of nests from site widrali2sensors.

Site 1: Anjarla Site 2: Dabhol
e 09 HatChing suCCesg==== % Emergence success e 05 Hatching success==== % Emergence Success
100% 60%
40%
50%
20%
0% T T T T T T T 1 O% T T T T T T 1
1 2 3 4 5 6 7 1 2 3 4 5 6
Nest sample nhumber Nest sample number

Graph & &b: Percentage hatching and emergence success of nest on site 1 and 2 not having temperature
sensors in them.

The nesting period peaked aftend-Feb resulting into incubation period extending in
summers till midMay. At site 1 the hatching & emergence success show a marked decline
as the incubation period progressed. At site 2 the hatching and emergence dropped
drastically.The precautionary stepgeretakenlater for the nests hatching during 1&tpril

and earlyMay at the end of indopation period in both the sites thus increasing the

emergence rateThe nest sample no 2 and 3D@abhol showed no emergence even after
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the completion ofthe incubation period hence it was openfed examination Dead
hatchings wes found trapped in nest. The sand inside the nest has become hard trapping
the hatchlingsThe proportion of dead hatchlings in Dabhol was found to be very high.
Dead hatchlings were very well develop®dith this other nestwere openedat both the
sitestwo days prior to getting depression arat/ completion 6 incubation pend of 50

days This rescued the trapped hatchling increasing the hatching sudtdessstage of
development at mortality of ysiped dead hatchlingsesefrom 26 to 28 viz: development

days of 33 to 40 days (Crasfi982.

Working on temperature datalogger:

Thefield testing ofdatalogger was verifieith thelab for any hardware @mage by the vendor Shri
Kishor Jambhekar. Except ftwo unitshaving faulty partsall the units functioned wellhe parts
were replacedP65 box encasing the data logger gives adequate protection so that it could be
directly installed above or below sar@lyrofoam box is not requed and plastic box should be
avoided.
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DISCUSSION AND CONCLUSION:

Climate change has a profound and direct effect on incubation temperature of sea turtles. T
incubation temperature not only influences the embryonic development, incubation period, grow!
rate, sex ratio, hatchinguccessut alsothe size and locomotoperformance of hatchlingdpoth et

al. 2013. Lower incubation temperature <°8produces bigger size hatchlings which are mostly
males whereas higher incubation temperature % 3oduces smaller size femald®o6th et al.
2004; Burgess et aR006; Booth et al. 2008 The hatchlings developed the optimal incubation
temperature range of 28 to 32C shows good locomoty skills, increasingts survival rate in the
open watergBooth. D, 2017). The global air temperature which has increasdasintwo decades
coupled with the shift in the pealesting period extending in summer seasorMaharashtra is a
major concern. Together it would result in fembiased sex ratios, low emergence rate and poor
hatchling locomotor movement. Post TSD pdrie after 23 daysf incubation, theemperature of

the nest could be maintained at optimal range by shading which has shown to be effective as clim
mitigating techniquéHill et al. 2015) This should be restricted to sites and nests showing exceeding

temperature.

The temperature study from three sites shows variation in temperature range during the emerge
period resulting in varying emergence success. This might be due to the sgredgiresent on the
beach. Most of the nesting sites in Maharashtra have big or small estuaries depositing varying pla
minerals on the adjoining beaches. The colouthefsand is responsible for its temperature; dark
colour sand absorbs more heat thghter colour sangMortimer, 1990) The water holding capacity

of the sand is because of the composition of sand, witlpé¢heentageof slt and clay present.
Optimum moisture is required for high hatching success from incubating(klpg3ehee, 1990)
Moisture and temperature are interrelated and showe@mbined effect on incubation process. At
early stages of development temperature plays a major role whereas at later stage during gro
moisture may have a profound effect due to increased rate of metabehsrh utilizesegg yolk
(SifuentesRomero et. al,2018) Moisture has a cooling effect on eggs and keeps them hydrated.
Metabolic moisture of the nest might be keeping the temperature of nest constant and much low
than ambient air temperature (above®@) and upper sand temperature (reachingCh@uring
midday at study sites. Though this natural phenomenon is advantageous during development i
observed that it affects negatively on study sites. Increase in morsakssthe sand hard aome
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placesreducing the gaseous exchangedeveloping embryo anttapping the hatchlings during
emergence. This results neducing thehatching andemergence rate. The unhatched eggs show
growth restricted at 38tage ie 40 daysof incubation resulting in high mortality rate. This is not

observediniformly on all study sitepossibly dudo variation in sand composition.

The project could not collect complete information about incubation temperature due to delaye
installation ofthe datalogger and brief nesting period in last season. It was successful in testing thi
functioning ofcustomisediata logger in the field caitions especially during harsh summer. This
project has the potential to be implemented in phase 2 and 3 for the nes¢d@sansPhase two
would have advance GSM facility and complete incubation temperature data for the season. Ba:s
on data receivedchiphase 2, lmase three wilfocus on developing aanalytical softwarehat can be

easily used by a technical person

FUTURE SCOPE:

1) Temperature data logger with GSM facility should be deployed on the sites at the start of t
season (ie: early Dec). It wifacilitate the reatime data transfer through cloud facilitating
regular monitoring without disturbing the data loggertbafield. In case of data showing
extreme temperatusgmmediate actions can be takésee suggestions)

2) Solar panel fobattery charging can be used as a power source.
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SUGGESTIONS

The following suggestios are meant for the future project and can be implemented with
continued use of data logger having GSM facility.The technicalpersonhandling andnonitoring
the data logger should follow tse suggestiondn case of interventions needed for mitigating the

effect of temperature the technical person should cotineyito the beach managers

1. No mitigation efforts are needed when thest shows an optimum temperature range of
28°C1 32°C. The nest needs to be maintained at this temperature during summer.

2. Any king of manipulation of temperature during TSD period & tay to 2% day of
incubation should be strictly avoided. This would affect the sex determination process.

3. Efforts should be made to reduce the temperature of the nest as soon as the temper:
crosses 3X. It should be done after the'@8ay of incubation. Thisan be achieved by
putting a shade on the hatchery or on the specific nest. Alternatatebywe the nest an
inverted cane basket having wet jute gunny bag over it can be used (This & Mlaiddan by
the beach manager Shri Shyamsunder Gavamikiaifair succesp

4. Post hatching nest should be opened to see the stages of mortality. The observations need
recorded for later analysisAppropriate training needs to be given to beach mandgetke

samein an easy and simple format

16| Page



Report on 6Studying the incubation temperatu
(Lepidochelysolivacea i n t he coast of Maharasht

REFERENCES :

Booth DT, Burgess E, McCosker J, et al. (2004). The influence of incubation temperature-on po:s
hatching fithness characteristics of turtles. International Congress Series 12233226

Burgess E, Booth DT, Lanyon JM (2006). Swimming perforceanf hatchling green turtles is
affected by incubation temperature. Coral Reefs 25,3311

Booth DT, Chu CT, K Ireland, et al. (2008). The significance of incubation temperature to sea turtl
biology. In: Morris S, Vosloo A eds. Proceedings of the 4BBGneeting in Africa: Mara 2008
AMol ecules to migration: the press3d8&es of | i

Booth DT, Feeney R, Shibata Y (2013). Nest and maternal origin can infltreno®rphology and
locomotor performance of hatchling greémrtles (Chelonia mydas) incubated in field nests.
Marine Biology 160,127137.

Crastz, F. (1982). Embryological stages of the marine turtle Lepidochelys olivacea (Eschscholtz).
Rev. Biol. Trop.30(2), 113 120.

Davenport, J. (1997). Temperature and theHittory strategies of sea turtldaurnal of Thermal
Biology, 22(6), 479 488 https://doi.org/10.1016/S038E65(97)00066L

Hill, J. E., Paladino, F. V., Spotila, J. R., & Tomillo, P. S. (2015). Shading and watering as a tool to
mitigate the impacts of climate change in sea turtle nestsS ONE10(6).
https://doi.org/10.1371/jarnal.pone.0129528

McGehee, M. A. (1990). Effects of moisture on eggs and hatchlings of loggerhead sea turtles
(Caretta carettajHerpetologica46(3), 251 258.

Mortimer, J. A. (1990). The Influence of Beach Sand Characteristics on the Nesting Behavior and
Clutch Survival of Green Turtles (Chelonia myd&)peia 199(3), 802.
https://doi.org/10.2307/1446446

SifuentesRomero, I., Tezak, B. M., Milton, S. L., & Wyneken, J. (2018). Hydric environmental
effects on turtle development and sex rafioology 126 (November), 8897.
https://doi.org/10.1016/j.zo0l.2017.11.009

17| Page



Report on 6Studying the incubation temperatu
(Lepidochelysolivacea i n t he coast of Maharasht

Picture 1: a) Datébgger with 8 sensors encased in IP 65 box b) Encased data loggeSitysafeambox before
installation on field.

Picture 2: Installation of data logger a&) Dabhol b) Vayangani ¢) Gaokhadi d) Tambaldeg e) Kolthare.
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Figure3: a) The empty shells from nesb) Un-hatched eggsc) Piped dead hatdhy d) Un-piped dead hatchling
stage 2630 of incubation €) Deadhatchlings.
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Figure 4: The projeatork was presented as a Poster in International Congress for CoiseBialogy
2019 (ICCB 2019peldin Malaysiaon 22 July 2019.
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