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“Avian Vacuolar Myelinopathy (AVM) is the most 
significant unknown cause of eagle mortality in the 
history of the United States” Photo by Tom Murphy

1994/95 DeGray Lake, Arkansas 
29 bald eagle mortalities

1996/97 DeGray, Ouachita, Hamilton, AR
26 eagle mortalities, disease confirmed in 
American coots



Vacuolar Myelinopathy

Normal

AVM 
Positive

• 1994-1996, large die offs of Bald Eagles 
in Arkansas.  Confirmed they had 
Vacuolar Myelinopathy.

• Also confirmed in American Coots

• 1997, eagles started dying on Lake J. 
Strom Thurmond.

Lesions: white matter of the central nervous 
system, specifically an intramyelinic edema
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Animals become neurologically impaired 
including “drunken” gait and inverted 
swimming.



“Avian” Vacuolar Myelinopathy
• 1998, eagles started dying on Lake J. Strom Thurmond



• Also affected are Mallards, Ring-necked 
ducks, Buffleheads, American wigeon, 
Canada geese, Great Horned owls, and 
Killdeer



How can you tell that a coot has AVM?



Aquatic Plant Invasions
• Aquatic systems including freshwater 

wetland, ponds and lakes are prone to 
invasion

• Generally, plant invasions are a 
nuisance, but effects on wildlife are 
mixed, often benign.

• Effects can be direct, bottom up effects 
via water quality or resource availability; 
or…

• indirect via effects on habitat structure  
and species interactions.

• Plant invasions can facilitate the spread 
of other invasive species.

• Examples of direct negative effects from 
consumption of nonnative plant species 
are rare.
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• Aetokthonos hydrillicola
• Previously undescribed cyanobacterium
• Grows as an epiphyte on hydrilla and other 

invasive exotic aquatic plants in ALL AVM SITES
• Neurotoxin production

• (uncharacterized)

A. hydrillicola 100X



(the eagle-killer living on Hydrilla)



http://www.washingtonpost.com/news/ener
gy-environment/wp/2015/02/18/the-eagle-
killer-the-name-of-a-new-scary-red-bacteria-is-
well-earned/

Bald eagles are 
starting to flourish 
again — but hold 
the confetti
by  Darryl Fears  February 18, 2015

http://www.washingtonpost.com/news/energy-environment/wp/2015/02/18/the-eagle-killer-the-name-of-a-new-scary-red-bacteria-is-well-earned/




• Can the AVM toxin effect other herbivores and transferred to 
their predators?

Albert
Shelley



Amphibian and Reptile Vulnerability to Hydrilla Invasions 
and the Spread of Aetokthonos hydrillicola

John C. Maerz, Susan B. Wilde, Vanessa Kinney Terrell,
Sonia M. Hernandez, Albert Mercurio, Clay Trimmer, 

Rebecca K. Boyd, Erin Cork, and Brigette Haram



Vacuolar Myelinopathy

Established that food linkage between 
herbivores and predators.

As part of intensive surveys and 
monitoring beginning in 2001, noted 
dense aquatic macrophytes associated 
with sites.
• Three most abundant species were 

all nonnative.
• Most abundant plant at all sites was 

non-native Hydrilla verticillata.
• Heavily colonized by epiphytic 

algae.



Hydrilla verticillata • Introduced to US in 1950s from Asia or 
Africa.

• Has broad distribution in U.S., but 
densest populations currently 
concentrated in the southeastern U.S.

• Forms dense mats of submerged 
vegetation

invasives.org 2015





Avian Vacuolar Myelinopathy 2014

Hydrilla & 
Aetokthonos hydrillicola

AVM confirmed birds AVM+, Hydrilla & 
A. hydrillicola

20 sites30 sites 166 eagles(+5 FL)



Taxa affected by ingesting Aetokthonos positive Hydrilla

Salamanders

Frogs

Caecilians

Mammals

Turtles

Crocodiles, Alligators, Caimans
Birds

Tuataras
Lizards, Snakes

Fish
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• Southeastern U.S. is a global hot spot of freshwater 
turtle diversity.

• Most species are omnivorous or herbivorous.
• ~85% of adult diets are composed of aquatic plants and 

algae.
• Hydrilla commonly reported as a dominant plant in turtle diets 

in SE US.





Methods
• Ten turtles from a local pond

• 5 treatment, 5 control
• Maintained at Whitehall Herpetology Laboratory

• Standard husbandry protocols (Johnson 2004)
• Hydrilla offered in two forms for 90 days 

• Gelatin capsules
• Floating Hydrilla
• Supplemented diet with Reptomin

• Monitored 2X/day for
neurologic signs and 
general well-being

• Performed a complete 
physical and neurologic
workup every 10 days



Methods
• Humanely euthanized and performed a complete necropsy
• Organs in 10% formalin
• ½ brain stored in EM fixative
• Histology on major organs
• Electron microscopy on CNS



Key Findings
Between days 80 and 90, all turtles fed Aetokthonos positive
Hydrilla exhibited associated clinical signs of VM

Weakness
Lethargy
Anorexia
Floating abnormally
Ataxia



Key Findings



Key Findings



Taxa affected by ingesting Aetokthonos positive Hydrilla

Salamanders

Frogs

Caecilians

Mammals

Turtles

Crocodiles, Alligators, Caimans
Birds

Tuataras
Lizards, Snakes

Fish



• Southeastern U.S. has a rich diversity of amphibians.
• Species breed in a range of water bodies including ponds and the 

littoral zones of lakes.
• Anuran [frogs and toads] have an aquatic tadpole stage that feeds on 

epiphytic biofilms on aquatic plants.



Methods
• 7-10 replicate aquaria containing 5-10 tadpoles [depending on size]
• Tested three species at various stages using fall collected 

Aetokthonos positive or negative Hydrilla
• Monitored survival and behavior daily



Results
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Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

Risk = Sensitivity + Exposure



So, what now?  What next?  Is it all bad?

Najas guadalupensis



• What are effects of Aetokthonos positive Hydrilla
exposure on turtle fitness?  Can they tolerate or 
recover?

• Do effects of Aetokthonos positive Hydrilla exposure carry 
over to terrestrial amphibian stages among surviving 
tadpoles?
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So, what now?  What next?  Is it all bad?



AVM sites (avian lesions, hydrilla + A. hydrillicola
Suspect sites  (Hydrilla + A. hydrillicola)



Lake J. Strom Thurmond

83 Dead Bald Eagles
1998-2015





Brigette Haram photo

Thurmond nestling April 3, 2015

Libby Mojica

Craig Koopie



• Solar powered PTT/GPS 70g units (Microwave Telemetry 
Inc)

• Transmit to Argos
• Programmed for the winter risk period (Nov-Jan) and sends a 

UHF signal during daylight hours



Thurmond Juvenile Eagle Locations; October 6, 2015



Are Fish susceptible to 
AVM?

Triploid Chinese Grass Carp:

Effective control of submerged aquatic plants

Disease susceptibility?

Vector potential?



Davis Pond Field Trial

Photo:  Larry McCord



Triploid Chinese Grass Carp:

Effective control of submerged aquatic plants

Disease susceptibility?

Vector potential? Vacuolar lesions in grass 
carp feeding on hydrilla

Yes

No

Yes

Haynie, R.H., Bowerman, W.W., Williams, S.K. Morrison, J.R. Grizzle, J.R. Fischer, 
J.R. & Wilde S.B. (2013) Are triploid grass carp suitable for aquatic vegetation 
management in systems affected by Avian Vacuolar Myelinopathy? Journal of 
Aquatic Animal Health 25: 252–259.



Sentinel birds 
Fall 2012

All sentinels with access
to hydrilla-- AVM positive

w/o Hydrilla: AVM negative



Sentinel Mallard: Longbranch Reservoir December 2012



Hydrilla               High coot densities

Eagle sightings             Eagle nests

Eagle mortalities  

Brigette Haram, UGA 
Eagle mortality & hydrilla data provided by Ken Boyd & 
Allen Dean, COE
Eagle nest data provided by Jim Ozier, GADNR

J. Strom Thurmond Reservoir



Pilot Study Fall 2015:
Grass Carp Stocking in J. Strom Thurmond Reservoir

Bussey Point region:  dense hydrilla, sick waterfowl, and eagle mortality (1998-2015)
• 15 acres plots
• High density:  ~10 acres hydrilla, grass carp, & grass carp/herbicide
• Low density ~5 acres hydrilla

High density hydrilla CARP

Low density hydrilla  CARP

High density hydrilla CARP/herbicide



• 24 grass carp will be fitted with body implant radio transmittors to 

assess movement.

• We will use electroshocking boat to collect a small subset of stocked 

grass carp and other fish species for:

• Health assessments (including vacuolar lesions)

• Laboratory feeding trials (to test for risk of AVM toxin transmission)

Pilot Study Fall 2015:
Grass Carp Stocking in J. Strom Thurmond Reservoir
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