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Complex Life Cycles & Multiple Exposure Routes




Level Effects

* Effects of maternal Hg exposure on female reproductive success




Individual -
Level Effects

* Effects of maternal Hg exposure on female reproductive success ”

 Latent effects of maternal Hg




Individual -
Level Effects

* Effects of maternal Hg exposure on female reproductive success

 Latent effects of maternal Hg (with and without predators)

 Individual & interactive effects of maternal and dietary Hg
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Individual -
Level Effects

* Effects of maternal Hg exposure on female reproductive success
 Latent effects of maternal Hg (with and without predators)
 Individual & interactive effects of maternal and dietary Hg

 Even more latent effects - terrestrial enclosures




Age / Stage-based Population Model

American Toad (Bufo americanus)

fecundity

Natural Stressors \
Density Dependence Abundance
Stochasticity Population Dynamics

Extinction Probability



Age / Stage-based Population Model

American Toad (Bufo americanus)

fecundity

Sensitivity / Simulation Analyses

v
Su E, 9_3, - Sensitivity to Hg effects

- * embryo, larval, juvenile, adult
o) —- ﬁ

 Simulations:

* maternal & dietary Hg exposure

* Endpoints:

* Quasi-extinction probability

* Mean adult population size

Mechanistic, Discrete-Time, Matrix Model
* 4 age classes
* 1 yr. time-step

* Density-dependence in the larval stage

* Environmental stochasticity

* Hg effects based on results of lab/mesocosm experiments



Age / Stage-based Population Model

American Toad (Bufo americanus)

J1 0 0 (¢A3fo-f )(O-L,r )(JM) (fJE )(JL_r)(JM) J1
J2 o, O 0 0 J2
— X
A3 0 o, 0 0 A3
B 4:4 i I—l B 0 D 6‘43 U.‘i ] | 454 ar;
JI=# age 1 Juveniles Or 1 mnsaa — survival (egg, larvae, metamorph. juvenile, adult)
J2 = # age 2 Juveniles = clutch size
A3=wage 3 sub-adults/adults 4 — probability reproducing at age 3
A =# Adults
L(A. A3 H)= (4, +¢,,43, ) fo;) H = size of breeding habitat (m of shoreline)
e H, L = # of larvae per m of shoreline
o, Ormax — Maximum larval survival at low density
0. (L) = (1+dL) v = density dependence exponent

d = density dependence coefficient



Results: Simulation Analyses

— Reference =0O- Maternal Hg =¥= Larval diet Hg == Maternal + larval diet
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Results: Simulation Analyses
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Results: Simulation Analyses

— Reference =0O- Maternal Hg =¥= Larval diet Hg == Maternal + larval diet
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Results: Simulation Analyses

— Reference =0O- Maternal Hg =¥= Larval diet Hg == Maternal + larval diet
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Conclusions

 Embryonic effects and delayed maturity have minor

population-level effects

 Late-larval and post-metamorphic

effects have serious consequences

 Maternal and dietary Hg alone

minor effects on population dynamics

 Maternal and dietary Hg together
l adult density

T local extinction




The Path Forward:
Implications for Restoration

 Larval stage is a good target for restoration

* Reduce Hg exposure through larval diet

* Residual maternal effects have minor effects

on abundance or extinction rate




The Path Forward:
Landscape Scale Dynamics
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2010- ‘11 Research Ob]ectlves

Bioaccumulation & [
Non-destructive
Techniques

Current Exposure

& Food Web Models
Reproductive
Effects
& Eco-risk
Human
-} Risk
Assessment

& Eco-risk
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Total Captures (2010- ‘11)
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Current Exposure

Current
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Current Exposure

LSM Blood [THg] mg kg1, wwt
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Spatial Patterns in Bioaccumulation

(n= 4-21 per site)
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‘ Adult Bioaccumulation

& Human Exposure?




Spatial Patte
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Demographic Patterns in Bioaccumulation

Muscle [THg] mg kg1, dwt
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Non-destructive Sampling
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Blood serves as great non-destructive
parameter for monitoring
accumulation!



Maternal Transfer

Embryo Exposure
Predator Exposure




Maternal Transfer
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Research Objectives in Progress

Embryo Exposure

Relationships between Hg &
Hatching Success,
Malformation Rates,

& Overwintering Survival??




Biomonitoring

** Human Health
* Aid in assessing risk

‘*Wildlife Health
* Implications for predatory
wildlife

**Turtle Health
* Current exposure a4
= Reproductive effects [F




i
i
-]
N
<+
s
e
-
D
>
-
a'd




Muscle Bioaccumulation
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Individual - fecundity

Level
Effects

* No effects on fecundity

* Dietary Hg alone = minor growth effects
* Maternal Hg alone = growth effects = delayed maturity
« Maternal + Diet Hg + limited food = 1\ 50% larval survival

Embryonic Larval Larval Juvenile Juvenile

Viability Growth Survival Survival  Growth

Maternal -4% to -39% -18% +16% to -17% NE
(annual variation) (ample food) (annual variation)
limited food

Waternal + y y y y -2907%

ar'val Diet iati (limited food)

NE = no significant effect: NA = not a valid exposure route




Quasi-extinction probability

Results: Model Sensitivity
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Simulation Analyses
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Analyses

Simulation

Results
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