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S|gn|f|cant unknown cause of eagle mort
history of the United States” Photo by Tom Murphy




Vacuolar Myelinopathy

e 1994-1996, large die offs of Bald Eagles
iIn 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

AVM
Positive




Vacuolar Myelinopathy

Positive

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

e 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

Animals become neurologically impaired
including “drunken” gait and inverted
swimming.



“Avian” Vacuolar Myelinopathy

1998, eagles started dying on Lake J. Strom Thurmond
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» Also aﬁected are I\/IaIIards Rlng necked
— ducks, Buffleheads, American wigeon,

Canada geese, Great Horned owls, and
 Killdeer







Aquatic Plant In

vasions

T Yl
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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.



Aquatlc Plant Invasions

Can secondary compounds of an invasive plant affect
larval amphibians?

Freshwater Biology

Does detritus quality predict the effect of native and non-

native plants on the performance of larval amphibians?

Traits, not origin, explain impacts of plants on larval amphibians

Aquatic systems including freshwater
wetland, ponds and lakes are prone to
invasion

Generally, aquatic plant invasions are a
nuisance, but effects on wildlife are
mixed.

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.



“ Aetokthonos hydirillicola
» Previously undescribed cyanobacterium
Grows as an epiphyte on hydrilla and other
‘invasive exotic aquatic plants in ALL AVM SITES
Neurotoxin productlon
g (ur]characterlzed)

A. hydrillicola
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Article

http://dx.doi.org/10.11646/phytotaxa.181.5.1

Aetokthonos hydrillicola gen. et sp. nov.: Epiphytic cyanobacteria on invasive
aquatic plants implicated in Avian Vacuolar Myelinopathy
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Bald eagles are

starting to flourish
. again — but hold
', the conietti

BbY 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/

Novel cyanobacterium killing eagles

Bald eagles across the Southeastern U.S. are succumbing to a
neurotoxin generated by a blue-green algae
that is new to science.

RN
\ -
- S\« Hydrilla
Aetokthonos Coots eat Hydrilla An eagle feeding on
hydrillicola grows on and accumulate a dead coot might
the underside of the cyanobacterium consume the
leaves of Hydrilla, an neurotoxins in neurotoxins and
exotic invasive their tissue. develop a deadly
aquatic plant. neurological disease.

Source: Phytotaxa PATTERSON CLARK/THE WASHINGTON POS



e Can the AVM toxin effect other herbivores and transferred to

their predators? ' ___




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

; o7 stablished that food linkage between
t" " 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.
e 13 Heavily colonized by epiphytic

_ E_ = | algae.




Hydrilla verticillata e |ntroduced 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



h)'d rilla USDA PLANTS Symbol:HYVE3

Invasive Plant Atlas

ijdﬂ”ﬂ verticillata (L. f.) HDY'E Species Information

States Counties GIS List
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Hydrilla & » AVM confirmed birds AVM+, Hydrilla &
Aetokthonos hydrillicola A. hydrillicola




Taxa affected by ingesting Aetokthonos positive Hydrilla

Fish

Salamanders

Frogs

Caecilians

VETRINEUS

Turtles

Crocodiles, Alligators, Caimans
Birds

Tuataras
Lizards, Snakes
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Taxa affected by ingesting Aetokthonos positive Hydrilla

Fish

Salamanders
Frogs
Caecilians
Mammals
Turtles

N\ A

Crocodiles, Alligators, Caimans
Birds

Tuataras
Lizards, Snakes

/



Taxa affected by ingesting Aetokthonos positive Hydrilla

Fish
Salamanders
Lesions,/
Frogs At
Caecilians  [REESE I
4.5 - AVM Positive.
"":-._ / . -
Mammals (Haynie, et al 2013)

Birds

Tuataras
Lizards, Snakes

Turtles
A -
\ “ Crocodiles, Alligators, Caimans



Taxa affected by ingesting Aetokthonos positive Hydrilla

Fish

Salamanders
Frogs
Caecilians
\
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VETRINEUS

Turtles

Crocodiles, Alligators, Caimans
Birds

Tuataras
Lizards, Snakes
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Methods

Ten turtles from a local pond

« b5 treatment, 5 control

Maintained at Whitehall Herpetology Laboratory

« Standard husbandry protocols (Johnson 2004)

Hydrilla offered in two forms for 90 days bt groti
Exp:rlmental Feledigg of gya:‘trﬂfa :fegrfcfﬂa:? Colclmized 1)
tigonematales Cyanobacteria Induces Vacuolar =
* Gelatln CapSUIeS M,;ellr?opathy in Palrfted Turtles (Chrysemys p.fcra}
° Floatlng Hydrl”a :I 1t D, *, Soni ernandes’™, €. Maerz', Michael J. Yabsley

 Supplemented diet with Reptomin
Monitored 2X/day for
neurologic signs and
general well-being
Performed a complete SRON
physical and neurologic .. =
workup every 10 day§#




Methods

 Humanely euthanized and performed a complete necropsy

 Organs in 10% formalin

e 1% brain stored in EM fixative

» Histology on major organs
Electron microscopy on CNS

2 PLOS | o

Experimental Feeding of Hydrilla verticillata Colonized ()




Key Findings

Between days 80 and 90, all turtles fed Aetokthonos positive

Hydrilla exhibited associated clinical signs of VM
Weakness
Lethargy
Anorexia
Floating abnormally

2 PLOS | o

Experimental Feeding of Hydrilla verticillata Colonized ®
by Stigonematales Cyanobacteria Induces Vacuolar .
Myelinopathy in Painted Turtles {Chrysemys picta)

Albert D. Mereurie™®, Sonia M. Hernandez', John C. Maerz', Michael J. Yabsley'”, Angela E. Ellis",
Amanda L. Coleman’, Leslie M. Shelnutt®, John . Fischer’, Susan B. Wilde'




Key Findings

Figuse 3. Histopathological slide of the optic tectum of a
- ‘*ﬂd turtle (Chrysemys picta), brain: white matter,
appearS normal with no evidence of

Figure 1. Histopathological slide of the optic\) an. H&E, 100X. Scale bar is 100 pm.

painted turtle fed toxic Hydrilla material. Painted tulf§
picta), brain: Mumerous clear vacuoles (black arrowy
myelin degeneration and dilation of axonal sheaths
white matter of a turtle treated with toxic hydrilla. H&

is 100 pum. ;}ii‘i"?‘: - e : B M\some variation in distribu-

doi:10.1371/journal.pone.0093295.g001 o Pty : U8 crebellar lesions, this did
S =gy =i

. o ies in the clinical signs.

= hirds with VM

-
.



Key Findings

SINE

Figure 2. Electron Micrograph of central ne
painted turtle fed toxic AHydriffa material. El
painted turtle (Chrysemys picta), brain: Axg

intramyelinic vacuoles [orange stars). In les
splitting can o seen to occur at the intraperi




Taxa affected by ingesting Aetokthonos positive Hydrilla

Fish

Salamanders

Frogs

Caecilians

VETRINEUS

Turtles

Crocodiles, Alligators, Caimans
Birds

Tuataras
Lizards, Snakes



« 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

o 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
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Taxa affected by ingesting Aetokthonos positive Hydrilla

Fish

Salamanders

Frogs

Caecilians

VETRINEUS

Turtles

Crocodiles, Alligators, Caimans
Birds

c Tuataras
Lizards, Snakes



Risk = Sensitivity + Exposure

Jan




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?

e Do effects of Aetokthonos positive Hydrilla exposure carry
over to terrestrial amphibian stages among surviving
tadpoles?




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

Fish

Salamanders

VETRINEUS
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Broad Rn.rir Mest

R / lrisbon Pt Nest
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. Strom Thurmond Reservoir. Green shoreline with hydrilla, active nest,

@ inactive nest, ' trap site, @ roost site, @ eagle mortality
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Thurmond Juvenile Eagle Locations; October 6, 2015

Googleearth







Davis Pond Field Trial

P 15
)

o Pt
W

Photo: Larry McCord



Iplerd CnINESe GraSs Eara:

_NO = Vacuolar Iesmnp‘ in grass
it S i o A BT O carp feedlng ori hydrllla

. Haynie, R.H., Bowerman, W.W., Wllllams S.K. Morrlson J.R. Grlzzle J.R. Flscher
— J.R. & Wilde S.B. (2013) Are trlpI0|d grass carp suitable for aquatic vegetation
| management in systems affected by Avian Vacuolar Myelinopathy? Journal of
~ Aguatic Animal Health 25: 252-2509.




Sentinel birds
Fall 2012

All sentinels with access
to hydrilla-- AVM positive

w/o Hydrilla: AVM negative
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F Pilot Study = 2015:
Grass Carp Stocklng |n J Strom Thurmond Reservoir

. & R \\\M
. i - e 5 ; \
{4 B | ”High/density hydrilla CARP/herbicide
High density hydrilla CARP S
18 Low d\é/risity hydrilla CARP \A
- g

| T T T \
Bussey Point region: dense hydrilla, sick waterfowl, and eagle mortality (1998-2015)

B 15 acres plots
* High density: ~10 acres hydrilla, grass carp, & grass carp/herbicide

* Low density ~5 acres hydrilla



Pllot Study FaII 2015
Grass Carp Stpckﬁ g if

—

'as’sess movement

: - e
f = -

AT - : — A % P Tk M
7 ey e T,

. We W|II use electroshocklng boat to coIIect a small Subset of stocked
~grass carp and other fish species for: e S e
« _Health assessments (lncludlng vacuolar IeS|ons)

. Laboratory feedlng trials (to test for rlsk of AVM toxm transmlssmn)



[ AN INVASIVE PLANT LIKE
KUDZU CAN BECOME A
NUISANCE AS IT GROWS
OVER EVERYTHING IF

OTHER PLANTS SUCH AS
POISON OAK OR POISON
IVY HAVE PROVEN TO &
BE AN ANNOYANCE /- o>
AS WELL, WITH

SKIN CONTACT

OFTEN RESULTING
IN BLISTERING,
ITCHING AND
BURNING

A BIRD-KILLING
TOXIC ALGAE
LINKED TO THE

{ POPULAR AQUARIUM

PLANT HYPRILLA &
HAS EMERGED

IN LAKES
8 THROUGHOUT THE [
8 SOUTHEASTERN U.S.

MIGRATING WATERFOWL SUCH AS COOTS
FEED HEAVILY ON HYPRILLA AND ARE

AN 0PTION BEING CONSIDERED
| TO CONTROL THE ALGAE AND
B\ PREVENT MORE EAGLE DEATHS
15 GRASS-EATING CARP ...

- ™
e

v e
"

ALTHOUGH GRASS CARP ARE
CONSIDERED AN INVASIVE
SPECIES IN NORTH AMERICA,
THEY ARE STILL STOCKED IN
MANY STATES AS A HIGHLY
EFFECTIVE BIOCONTROL FOR

UNWANTED AQUATIC VEGETATION,

MANY SPECIES OF WHICH
ARE THEMSELVES INVASIVE

et

GRASS CARP, OR WHITE AMUR,
ARE TORPEDO-SHAPED FISH THAT |
CAN GROW UP TO 3 FEET LONG |

| W

by Jack Elrod
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