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¢ >d Sexual Size Dimorphism (SSD) > ¢

Why are females larger than
males in some species ...

.. while males are larger than

females in many others?




¢ >d Sexual Size Dimorphism (SSD) > ¢

How do females become larger
than males in some species ...

.. while males become larger




Natural & Sexual
Selection

Growth
3,2 Adult
Body Size

“Knowledge of the details of growth is essential for our understanding of the
ultimate mechanisms underlying SSD evolution. ... without knowing the details of
ontogeny and of selection during growth, we cannot understand the evolutionary

change of SSD.” Badyaev, A. 2002. TREE. 17(8). P. 371
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How does SSD develop in eastern fence lizards?

« Females grow faster than males

e Testosterone inhibits growth

— Bipotential growth regulation
 Testosterone N growth in male-larger species
« Testosterone ¥ growth in female-larger species

e Direct and indirect effects of testosterone
— Molecular endocrinology
— Energy trade-off
— Ectoparasitism (chigger mites)
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“Knowing natural history allows an investigator R
to phrase questions with precision.”

6. A. Bartholomew, 1986
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Number of Lizards

No Sexual Difference in
Neonatal Body Size
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Haenel and John-Alder, 2002, Oikos.
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How do fe'males of Scelopor'us undulatus become Iar'ger' Than males"

They grow faster befor'e flr'st r'epr'oductlon
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Sexual divergence in growth coincides with:
~

« T Male coloration

« 1T Male aggression

« T Male activity

Correlated effects
of testosterone ??
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Testosterone is implicated in the development of SSD.
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Female Castrated Intact Castrated + T

Scanned images of live
lizards

One Year: ~1ng/h

300 ng
~175 ng

Cox, Skelly, Leo, & John-Alder, 2005, Copeia.



Summary of field experiments:

Testosterone = { growth in @-larger S. undulatus and S. virgatus.

Testosterone = % growth in §-larger S. jarrovii.

S. undulatus S. virgatus S. jarrovii
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Treatment Treatment Treatment



Selection on body size should favor rapid growth.

Female SVL (mm)
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Testosterone stimulates performance measures that may increase reproductive success:

Minutes on treadmill
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Testosterone also introduces costs that may reduce reproductive success and survival:
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Direct and Indirect Pathways of Growth Inhibition

Testosterone may inhibit growth directly through a molecular
mechanism and also through indirect mechanisms involving
growth costs of activity and ectoparasitism.

Activity/Behavior

Testosterone > Growth < Ectoparasitism

N

Immune Function




Direct and Indirect Pathways of Growth Inhibition

Testosterone may inhibit growth directly through a molecular
mechanism and also through indirect mechanisms involving
growth costs of activity and ectoparasitism.
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Testosterone > Growth < Ectoparasitism
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Direct and Indirect Pathways of Growth Inhibition

Testosterone may inhibit growth directly through a molecular
mechanism and also through indirect mechanisms involving
growth costs of activity and ectoparasitism.

Activity/Behavior
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“...the somatotrophic axis may be a major pathway through
which steroids act to produce sex differences in growth.”
Gatford et al. (1998) Sexual dimorphism of the somatotrophic axis. J. Endocrinol. 157:373-389.
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In most species, testosterone stimulates somatotrophic output.



“...the somatotrophic axis may be a major pathway through
which steroids act to produce sex differences in growth.”

Gatford et al. (1998) Sexual dimorphism of the somatotrophic axis. J. Endocrinol. 157:373-389.
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And estrogens inhibit somatotrophic output.
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But in S. undulatus, testosterone inhibits gene expression for IGF-1
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Typically, testosterone increases gene expression for IGF-1.

[ — — — —» Hypothalamus ¢— — —
(= | l©
| SRIF |
|
e\ '
= |
=_ — —> Pituitary (@,
=
I
I
: TESTOSTERONE
: NUTRITION
| INSULIN

IGFBP-1 / :
IGFBP-2 v

IGFBP-3

IGFBP-4 Target Tissues — mTOR — GROWTH

IGFBP-5
IGFBP-6




In S. undulatus, testosterone decreases gene expression for IGF-1.
How does it happen?
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Testosterone may inhibit growth in female-larger species through direct
molecular mechanisms involving the endocrine-growth axis
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Testosterone is a precursor for androgens and estrogens.
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Testosterone may directly inhibit IGF-1 gene expression.
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Testosterone itself leads to an ambiguous outcome.
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Testosterone may be converted into estradiol,
which then may inhibit IGF-1 gene expression.
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Administration of DHT differentiates between
effects of estrogens and androgens.
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Growth Rate (mm/day)
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DHT inhibits growth.
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« DHT ¥ growth rate
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Testosterone directly inhibits IGF-1 gene expression.
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Direct and Indirect Pathways of Growth Inhibition

Testosterone may inhibit growth directly through a molecular
mechanism and also through indirect mechanisms involving
growth costs of activity and ectoparasitism.

Activity/Behavior
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Testosterone > Growth < Ectoparasitism
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The Host & The Parasite
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Quantification of Monthly Mite Loads

» Adult and yearling lizards captured monthly (May to September 2014-2015)
« Sex, SVL, body mass, and mite load recorded
 Unique toe-clips given for ID and repeated measures

« Lizards given paint marking each month

 Flagged capture locations




Quantification of Monthly Mite Abundances

e Carried out during the 2015 field season
» 90-second sample periods

« Sampled once/month at each flagged lizard location




Rankings of Mite Load

Are lizard mite loads consistent from week to week?

 Adult and yearling lizards captured weekly for 5 weeks (June to July 2016)
» Sex, SVL, body mass, and mite load recorded

 Unique toe-clips and paint marks given for ID and repeated measures




Results: Seasonality of Mite Abundance & Mite Load
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Results: Rankings of Mite Load

Week 1 . .
0—-39 mites Rankings of Mite Loads
Kendall W = 0.4851
Week 2 Chi-Square = 106.72
9-153 mites df = 44
P < 0.001
Week 3
9-318 mites
Week 4
10-215 mites
Week 5

19-302 mites | :




Field Data Collection

 Adult and yearling lizards captured monthly (May to September 2014-2015)
 Sex, SVL, body mass, and mite load recorded
 Unique toe-clips given for ID and repeated measures

« Lizards given paint marking each month

Quantification of Growth Rate
 Growth rate (mm/day) = change in SVL/ # of days T




Growth Rate (mm/day)
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Residual Growth Rate

Residual Growth Rate
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Direct and Indirect Pathways of Growth Inhibition

Testosterone may inhibit growth directly through a molecular
mechanism and also through indirect mechanisms involving
growth costs of activity and ectoparasitism.
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How does SSD develop in eastern fence lizards?

« Females grow faster than males

e Testosterone inhibits growth

— Bipotential growth regulation
 Testosterone N growth in male-larger species
« Testosterone ¥ growth in female-larger species

e Direct and indirect effects of testosterone
— Molecular endocrinology
— Energy trade-off
— Ectoparasitism (chigger mites)
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