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Predicted changes in heat wave amplitude
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Temperature affects TSP length and timing
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Male-producing temperature cue
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Female-producing temperature cue

—H —H
CHs § ' CH; §
aromatase

A 4

Ovarian development

Q



Steroid hormones

_.
-

PERCENT MALE

100

LT

70

C e 4 %
* BB L o
DHT E2 T

TREATMENT

Fold change

8

A.

120

g 8 o x

3

FoxlL2 B.Dmrti
400
weipen FPT 300
e MPT
= 200
100
0 Ol
160
il FPT
-0 - AT
C— .~. /i \ -—
vt MPT
-8 - E2 \
/ .'— — ®
~.d
e e R
St116 17 19 21 23 25 Hatckh St16 17 19 21 23 25 Hatch

Developmental Stages

Crews et al. 1 994; Matsumoto and Crews 2012






Constant versus Fluctuating

* Daily/seasonal fluctuations
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Average temperatures are poor predictors of
sex ratios
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Heat waves affect sex ratios
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Current Understanding
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Biased Sex Ratios

* Mrosovsky and Provancha 1989
* Wibbels et al. 1991

* Mrosovsky and Provancha 1992
* Marcovaldi et al. 1997

* Hanson et al. 1998

* Godley et al. 2001

e Oz et al. 2004

Caretta caretta
(Loggerhead Sea Turtle)

Female biased nests,
juvenile and sub-adult

89-99% females



Potential Responses

* Behavioral Plasticity
* Nesting phenology*

* Chrysemys picta nesting 27 days earlier on average over |3 year period (Schwanz and
Janzen 2008)

* Spatial changes in nesting
* Lacks plasticity (Refsnider and Janzen 201 2; Refsnider 201 3)

* Evolve a sensitivity to a different pivotal temperature

* Migrate to cooler climate to balance sex ratios
* Depends on water body distributions



Overarching Hypothesis

Climate change, in the form of heat waves, will influence
the physiological and endocrinological underpinnings of
TSD in turtles.

) How does TSD operate in the field under natural conditions!?
2) How will climate change affect sex ratios in reptiles with TSD?
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Hypothesis |

Heat wave timing will influence the physiological and endocrinological
underpinnings of TSD.

Prediction I:A heat wave that occurs within the TSP will produce more female-biased sex ratios.

Prediction 2:A heat wave applied during the TSP will trigger relatively higher levels of aromatase
expression and relatively lower levels of Dmrt| expression.

a. Using fluctuating incubation temperatures, when does the TSP occur?

b. How does aromatase and Dmrt| expression respond to a simulated heat wave
during the predicted TSP?



Hypothesis |- Methods

* Male producing condition: shifted to

25 4 30C 295+ 3°C
« “Baseline” Dy 1924
* Female producing condition: Day 17-31 Wmﬂwmwmwmwmmwm
29.5 + 3°C
* “Heat wave”
Day 24-38 NNWWMWWWMWW}MWN
* |5-day heat wave varied temporally
onr 3145 ARV O
* Eggs: gravid female (oxytocin)/nest
* Group eggs to avoid clutch/box/incubator s WWWWNWMWWN
effects CAne

: 0 |=o A— 5=2 Haltch
* 20 eggs per treatment (sex ratio) |5 g
extra eggs in control and 24-38 (qPCR) Day

lllinois Climate Network 2015; Carter et al. 2017



Hypothesis |- Methods (continued)

* Macroscopic gonad examination
after euthasol injection

Matsumoto et al. 2012



Hypothesis |- gPCR

Control

* Sample embryonic tissues on days 38 and
43 in the control and day 24-38 groups

* Gapdh as housekeeping gene

Day 24-38

25.0 £ 3°C
shifted to
29.5 £ 3°C

38 43 Hatch

Day

Primer Name Sequence Reference

Forward Gapdh
Reverse Gapdh

Forward Aromatase
Reverse Aromatase
Forward Dmrt|

Reverse Dmrtl

GGCTTT CCGTGTTCCAACTC
GACAAC CTG GTC CTC CGT GTATC

CGA CAT GGA CTTTGCATCACA

GAA CCATCATCT CCAACA CACACT

GGTTC

CAA CTA CTC CCAATA CCA GAT GGC

GGCTTC GCAGGCTGTTTTTC

Geetal. 2017
Geetal. 2017

Ramsey et al. 2007
Ramsey et al. 2007
Shoemaker et al. 2007

Shoemaker et al. 2007



Sex ratio results: 1.00 - b
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Middle third?

Avg. Middle Third Stat. Differences
0%

Control =28-56

Heat wave 10-24 =24-48 12% a
Heat wave 17-31 =24-48 72% b
Heat wave 24-38 =24-48 89% b
Heat wave 31-45 =25-50 84% b

Heat wave 38-52 ~25-50 6% a



Relative Aromatase expression
(27-dCT)

Aromatase m F value p value

Treatment 11.32 p = 0.003 **
Day I 15.16 p < 0.00] *¥*
Treatment*Day | 11.37 p = 0.003 **
0.010 -
Day
B3 15
B3 20
0.005 -
0.000 - | ‘

Control Heatwave
Treatment



Relative Dmrtl expression
(2"-dCT)

0.005 -

0.004

0.003 -

0.002

0.001 -

—

Control

Heatwave
Treatment

E_

Treatment 30.11 p < 0.00] ¥k
Day I 15.42 p < 0.00] ***
Treatment*Day | 6.53 p=.0193*
Day

B3 15

B2 20
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Hypothesis | Conclusions

* TSP is likely around days 20-40 using these temperature parameters
* Middle three heat waves have similar potency to produce females
* Heat waves induce aromatase expression

* MPTs induce Dmrt| expression

Avg. Middle Third Stat. Differences
0%

Control =28-56

Heat wave 10-24 =24-48 12% a
Heat wave 17-31 =24-48 72% b
Heat wave 24-38 =24-48 89% b
Heat wave 31-45 =25-50 84% b

Heat wave 38-52 ~25-50 6% a



Next Steps: Natural Sex Ratios

* Multi-year T. scripta field incubations
* Eggs: gravid female (oxytocin)/nest
* Individual nests dug for each clutch in nesting area
* iButton data loggers
* Macroscopic gonad examination

a. What sex ratios are being produced in nature!



Next Steps: Hypothesis 2

Heat wave continuity will
influence the physiological and
endocrinological underpinnings of
TSD in turtles.
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Hypothesis 2- Methods

12-day HW

12-day HW

2 6-day HWs

4 3-day HWs

— TSP —i

Days Incubating

Hatch

High Continuity

25.0%3 °C
shifted to
295 %3 °C

Low Continuity

Heat Wave Proportion
Length (Days) | Females

24%

89%
90%
94%
90%
100%
100%
100%

Carter et al. unpublished



Next Steps: Hypothesis 3
Length (Days) | Females

Aromatase and Dmrt| expression will 8 24%
respond differentially to heat waves
of varying lengths.

Prediction I:Longer heat waves will produce 17 89%
higher levels of aromatase expression. 20 90%
Prediction 2: Heat waves will down-regulate .
Dmrt| expression. 23 4%

26 90%
a. How does aromatase expression respond 29 100%
to a heat waves of varying lengths!?

32 100%
b. How does Dmrt| expression respond to .
a heat waves of varying lengths? 35 100%

Carter et al. unpublished



Hypothesis 3- Methods

* Sample on days 30, 33, & 36 i e
-Gy shifted to
* Gapdh as housekeeping gene 29.5%3°C
9-day HW
|2-day HW
| | | | |
I I | | I
0 24 30 33 36

Days incubating Sampling days
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