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r 2  = 0.809, p  < 0.0001, n = 48
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B. americanus females maternally transfer Hg to their eggs
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Ultimate Goal:  Stage-based Population Model

Embryos Larvae Juvies Adults
G1 G2 G3

P4P3P2P1

fecundity

G – probability of surviving to next stage
P – probability of staying in the same stage

*

*

Spring 2007 * Spring 2008

*
*

*



G1 G2 G3

P4P3P2P1

fecundity

2008 
Objectives

1) Collect 2nd year embryonic development data 
- Relate female [Hg] to hatching success 
- Quantify malformation freq for 2007 & 2008
- Quantify overall viability frequency

2) Determine whether “normal” hatchlings experience      
latent effects of maternal Hg exposure

*
*

*

*

*
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In the field

Collect breeding pairs from
reference and contaminated sites

Breeding pairs lay eggs in 
clean water

Egg masses are counted (548,035 eggs) and 
subsets allotted for: 1) Hg analysis 

2) Developmental Bioassays (28,000 eggs/20,551 hatchlings)
3) hatchlings for exps (2,544 hatchlings)



In the field
• Males are released immediately
• Females are processed (2007 & 2008) 
and released 24 hours after egg laying 
(2008)

- measured and weighed
- blood collected
- individually marked (2008)
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Hatching Success 2007

r2 = 0.472, p < 0.001, n = 23
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ANCOVA

Egg THg
F1,53 = 19.27, p < 0.001

Year 
F1,53 = 0.93,  p =  0.339

Egg THg x Year
F1,53 = 0.13,  p = 0.720
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% MMHg = 53.3 ± 2.3%

= 1,400 ng/g body THg, dry
= 1,000 ng/g blood THg, wet
= 100 ng/g egg THg, dry

15, 29, 32% females > 
Exceed body, blood, egg thresholds, 

respectively (n = 40, 59, 59)

Fathead minnow
Pimephales promelas

Effects of Dietary 
MMHg

on Fish Reproduction

Lowest [MMHg] to produce 
adverse reproductive effects

Whole body
treatment mean =

714 ng/g, dry

(Hammerschmidt et al. ‘02, Drevnick & Sandheinrich ‘03, Sandheinrich & Miller ‘06)

700 ng/g 
body 
MMHg

Bufo americanus
- reduced spawning success
- delayed spawning
- suppressed reproductive

behavior
- suppressed sex hormones
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Determining Malformation Frequency

• 500 eggs per clutch allotted for 
hatching success (28,000 eggs total)

• Successful hatchlings (20,551)
were preserved for blind malformation 
assessment

• Classified each individual as either 
“normal” or malformed based on gross 
morphology



Example Malformations

Dorsal Flexure Ventral Flexure Lateral Flexure

“Normal”

Craniofacial & Axial Shortening Edema Other



Malformation Frequency 2007 & 2008
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1) Collect 2nd year embryonic development data 
- Relate female [Hg] to hatching success 
- Quantify malformation freq for 2007 & 2008
- Quantify overall viability frequency

G1 G2 G3

P4P3P2P1

fecundity

2008 
Objectives

2) Determine whether “normal” hatchlings experience 
latent effects of maternal Hg exposure
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Mesocosms

100 hatchlings/mesocosm

Removed from 
mesocosms

Held individually until
metamorphosis

Survival, 
growth,
time/size  
at meta
determined

12 mesocosms

No Hg added

reference 
< 200 ng/g

high = 
1,000-3000 ng/g

Blood [THg], ww
“normal”

hatchlings



0

10

20

30

40

50

Ref Hg
[T

H
g]

 n
g/

g,
 d

ry

[THg] of “normal” metamorphs

N = 6 replicate mesocosms per treatment
Each replicate = homogenate of 14 metamorphs

[THg] in reference tadpoles (stages 28-32) from the South River =
536 ± 136 ng/g



MANOVA
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Parameters:

• Body Size (svl)
• Body condition (mass/svl3)

• Days to complete metamorphosis
• % metamorphic success

• Days to complete metamorphic climax

21%



Estimating Recruitment

Clutch size
(Range: 

2,410 – 13,689)

*
% Viability

(Based on 500
Egg subset)

*
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r2 = 0.024, p = 0.273, n = 52 r2 = 2.8x10-5, p = 0.970, n = 52
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Conclusions

• Female B. americanus transfer Hg to their eggs

• Hatchling viability is negatively correlated with egg [Hg]
- correlation driven by hatching success, not 
malformation rate

• 19% reduction in viability when using reproductive 
effects threshold from fish literature

• No deleterious latent effects of maternal Hg exposure 
observed in larvae (opposite appeared true!)

• Overall recruitment did not differ when using   
reproductive effects threshold from fish literature



Embryos Larvae Juvies Adults
G1 G2 G3

P4
P3P2P1

fecundity

G – probability of surviving to next stage
P – probability of staying in the same stage

*

*

Spring 2007 * Spring 2008

Spring 
2009

Path Forward - 2009

*

*

*



Individual and interactive effects of maternally and 
trophically derived mercury on larval development

Contaminated Flood Plain

“Uncontaminated” Surroundings

Hg-Contaminated
females

Oviposit in 
Hg- contaminated 

breeding pond

Oviposit in 
“uncontaminated” 

breeding pond

Reference
females

Oviposit in 
Hg- contaminated 

breeding pond

Oviposit in 
“uncontaminated” 

breeding pond



Diet   [THg], dry wt %MMHg
Control   4.96 ng/g 78%
Hg 2,571 ng/g        4%

Ref Larvae

control
diet

Hg 
diet

High Larvae

control
diet

Hg 
diet

Diet Study
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Terrestrial Field Enclosures

Southern toad



Acknowledgements

Hopkins Lab: Sarah Budischak, John Burke
Sarah DuRant, Britney Hopkins, Sarah 
Orlofske, Brian Todd, Haruka Wada 

Dan Cristol and Lab
Heather Brandt, SREL 
Scott Gregory, SRST office
Mike Liberati, SRST
Ralph Stahl, SRST
Erin Mack, SRST
John Schmerfeld, US Fish and Wildlife
Don Kain, VA DEQ

Landowners along the South River 
Waynesboro Parks and Recreation Department



Approaching Toadal Eclipse


