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Introduction

Complex life cycle
 Biphasic life strategy
 Aquatic and terrestrial environments

 Ecological niches
 Tadpoles: mostly herbivores
 Adults: carnivores Adults: carnivores

 Adaptations from the complex cycle
 Caecilians: terrestrial eggs, viviparity
 Salamanders: paedomorphic, direct 

development

 Anurans: direct development

Caecilian Birth

http://news.nationalgeographic.com/news/2012/02/pictures/120221-limbless-amphibians-caecilians-new-species-science/#/new-species-burrowing-caecilian-egg-closeup_48946_600x450.jpg

Video
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Salamander care

http://www.arkive.org/four-toed-salamander/hemidactylium-scutatum/image-G113237.html
http://www.reptileexpert.org/axolotl-care/

Complete Metamorphosis

http://www.visualphotos.com/photo/1x9093654/rain_frog_eleutherodactylus_sp_eggs_froglets_about_to_emerge_complete_metamorphosis_in_egg_cos_510019.jpg

Parental Assistance

http://www.gamersky.us/strange-animals-after-dinner-to-see-help-lose-weight/
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Anuran Metamorphosis
 Complex
 Different for each group of Anurans

 Egg – Tadpole – Juvenile - Adult

http://kids.britannica.com/elementary/art-87945/Through-metamorphosis-a-frog-develops-from-an-egg-to-a

Metamorphic rates
 Under perfect conditions: 
 Bullfrog: 1-3 years (Bruening, 2002)

 African clawed frog: 6-8 weeks (Garvey, 2002)

 American toad: 30-70 days (Grossman, 2002)

 Eastern Spadefoot: 12-40 days (Byers 2000) Eastern Spadefoot: 12-40 days (Byers, 2000)

 Energy allocation  
 Mortality/growth ratio in aquatic lower than 

terrestrial

(Wells, 2007)

Habitats
 Bullfrog: 1-3 years (Bruening, 2002)

Permanent water
 African clawed frog: 6-8 weeks (Garvey, 2002)

Aquatic
 American toad: 30-70 days (Grossman, 2002)

Ponds
 Eastern Spadefoot: 12-40 days (Byers, 2000)

Ephemeral ponds
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Thyroid
 Hormomal control

 Gene expression
 Frogs and salamanders

 Growth and differentiation

S ll i l d l t Small in early development

 Controlled by pituitary, which is controlled by 
hypothalamus

 Amphibian larvae can speed up or slow down 
process

Environmental Impacts

(Shirey, 2006)

Stressor impact

Activates 
d l

Brenes, pers. comm.

adrenal 
and 
thyroid 
hormones
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Stress Response
 Too small at critical point = death

 If close to appropriate size
 Increase foraging

I bili ti Increase mobilization reserves

Video

Metamorphic interruptions
 Pond desiccation

 Predation

 Chemical
 Cattle

A i lt Agriculture
 Medications

 Diseases
 Parasites
 Viruses
 Fungus

 Climate

Current Research
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 Lab tests
 Vertical sides
 Constant temperatures
 Density control

 Needed natural test
 Shoreline recession
 Diverse ponds

http://calphotos.berkeley.edu/cgi/img_query?enlarge=0000+0000+0711+0794

Pond Drying Effects
 Hypotheses 
 Pond drying will increase development rate
 Lower desiccation will yield longer hind-limbs

 Measured juvenile toads at 10 ponds:
 Low: 86 92 days Low: 86-92 days
 Medium: 65-78 days
 High: 51-57 days

(Marquez-Garcia et al., 2009)

Significant Results
 Eye diameter 

 Hind-limb length

 Nose-to-mouth 
distance

 Days until 
development were 
shortest for the high 
desiccation ponds

(Marquez-Garcia et al., 2009)
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Pond-drying effects
 Chemicals from desiccation

 Smaller emergent frogs may 
have lower survival

Water loss Water loss
 Less ability to jump

http://www.skolaiimages.com/stock/displayimage-5684-Drying-pond-on-coastal-plain-ANWR-Alaska.html

 Atrazine toxicity: 0.41 mg/L
 Typical water: 0.20 µg/L
 Sub-lethal concentrations affect:

 Tiger salamanders (75 µg/L)
 Gray Treefrogs (20 µg/L)

 Nitrate toxicity: 90 mg/L
 Typical water: 

 10 mg/L (US) 
 100 mg/L (World) 

 Sub-lethal concentrations affect:
 Litoria caerula (40 mg/L)
 American toad (40 mg/L)

http://www.ruhr-uni-bochum.de/bc1/forschung/index_en.html

Significant Results

 Atrazine alone
 Nitrate alone
 Combination

(Sullivan and Spence, 2003)
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Atrazine and Nitrate Effects
 Smaller size at 

metamorphosis can 
mean:
 Longer prereproductive

periods
 Smaller clutches once S a e c utc es o ce

breeding is initiated

 Atrazine reduced size, 
delayed progression, 
and decreased 
hematocrit

 Direct or indirect 
hormonal effects 

http://www.savethefrogs.com/actions/pesticides/atrazine/index.html

 Plasticity = easily shaped 

 Minimizing predation risk 
crucial for success

 Temperature influence
 Metamorphosis duration
 Body size variation accounted for

 Body condition
 Predator avoidance using 

burst speed

http://www.sciencedaily.com/releases/2006/06/060616130718.htm

Significant results

 Duration 
 Tail length
 Burst speed increased

(Walsh et al., 2007)
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Temperature Effects
 Long metamorphosis: 
 Increases predation risk

 Highest speeds reached 
by metamorphs at 24 Cby metamorphs at 24 C
 Adapted

(Walsh et al., 2007)

Future Research

Future research
 Should include better base metamorphic 

times for comparison

 Compare populations from high and low 
predation areas

 Chemistry associated with desiccation in Chemistry associated with desiccation in 
ponds
 Lab tests to manipulate 

 Body condition and temperature with other 
factors

 Sublethal effects of other chemical mixtures
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Overview

Questions?

http://aws.labome.com/figure/te-151-1.png
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Thank you!


