g
e -

-,J,. : ;
7

ding aquatic plants

— "
st N
— \ e __ui -
e
)’ ~ 3
S

ic cyanobacteri

’/fs' ¥ o :
" \ . -
/ ¢ 4 \
7 & k; A
. R
4 -
.
) -
™ ""“.I:
Gb, -
vk,
'(:-_;g: F
f
#58
- - g
" R -l
: 1 KA
- LS |

5

a and



- -
e

Y

.
A

\/

.

R
T e g

[

tati
i

an

Pl

ynolas

n~e

n

ou

L

ent” th

L

cauii

- LL 4
_IJ/_:
-




E e o N s & Fi v e e At s R
oy a4 &y . Ls [ . ¥ -
o TN, o i Y " L i A e SN S LS.

Drought Conditions

T

YPT W TR LN, ) R R T o b U, v AL W L e 5 SN e W T
l“h. A : "“‘l‘:l& Rt %0 g “\- By f‘.!‘.‘,‘chb,_o\‘»‘;‘,\ ' .{‘M“‘..‘. ‘-h.-’:_t‘ e B VA N s bt

-~ as .4

8/7/2012

o

= Intensily:

;' D) Abnormmalty Dry - 03 Drowght - Exireme : - : : 3 e

9 01 Drowghit - Mederate - [ Orosghd - Exceptional R v «
. f 02 Drowsghit - Severs »

USDA (droughtmonitor.unl.edu) )




onalsonville ,

Ly
’@nnth Church

'l!

January 2022 7 cattle deaths, Seminole County









Clhronie healh efiects at lower
concentrations,
Acute at high conceniration
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A pet owner’s warning: Beloved dog dies after
swimming in lake fed by Chattahoochee River

I
e Rl

b -chattahoochee river W6NHKPE4NNHYZHTD7PJ2RBIKDA

AT&T/DIRECTV WILL EXPIRE AT 2:59AM EASTERN TIME ON TUESDAY 2/2, AND YOU MAY NO LONGER BE


https://www.wsbtv.com/news/local/north-fulton-county/pet-owners-warning-beloved-dog-dies-after-swimming-lake-fed-by-chattahoochee-river/W6NHKPE4NNHYZHTD7PJ2RBIKDA/

0.5 Miles

You Are Here
Maps
Trails

Parking

- Park Land

Park Rules

Biking on trails is not permitted in this unit.

Pets must be on a leash.
It is your responsibility to clean up after your pet.

Please pack out all trash

Park Address

5690 Lower Roswell Road
Marietta, GA 30068

View Park Online
Visit http://go.usa.gov/DNad

or scan the code to view map.

In Case of Emergency Call 911 or 770-952-0370
Note the Number on the nearest Trail Marker
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Neurotoxins
“nerve toxins”
Anabaena
Osclillatoria,;Planktothrix

< Anatoxin-a

Bt AR
Acute at relatively low concentrations

P




Nutrients: TN & TP

Microscopy: FlowCam:

Extraction: SPATT, snails, mussels,
sediment, water

ELISA: initial screening to detect risk of
algal toxins

HPLC/MS: specific determination of
algal toxins

Bioassay: test for relative toxicity of
extracts on brine shrimp and/or larval
zebrafish

- )

,

BenthoTorch
Measurement of Phytobenthos Fluorescence



Avian Vacuolar Myelinopathy (AVM)

The beginning: 1st disease locations
Disoriented birds and brain lesions
Food chain transfer

Invasive aquatic plants/cyanobacterial
monitoring

Field sentinel trials

Laboratory toxin trials
Expanding locations - =~~~
Expanding taxa TN

Management solutions F e



Back to the beginning .
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“AV|an Vacuolar Myellnopathy (AVM) is the most
significant unknown cause of eagle mortallty in the
history of the United States”

Photo by Tom Murphy; SCDNR



« Eagle with drooping wings

—

* Unresponsive coot e

g~

l

-~ » Waterfowl and eagles wobble in flight

—~ + Birds observed stumbling on land

~ + Coots may dive and then not right themselves
7;?.:-'.«‘1‘3 » Eagles may overshoot perches or fly into objects
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Diagnosis: Unigue brain lesions

National Wildlife Health
Center

Southeastern Cooperative
Wildlife Disease Study

Normal

AVM

Open spaces in: Positive
white matter of the central
nervous system, specifically an

intramyelinic edema

Thomas, NJ, CU Meteyer, and L Sileo, 1998. Epizootic vacuolar myelinopathy of the central
nervous system of bald eagles (Haliaeetus leucocephalus) and American coots (Fulica
American). Veterinary Pathology 35:479-487



9

FuII dlagnostlc examlnatlon g

S S el

* No conS|stent gross abnormalltles

4

No infectious disease agents or toxins found

(including those known to produce intramyelinic edema)

2 I NS L P R Vi N S LN 4 R
[ ]

Braln IeS|ons only conS|stent flndmg

Thomas, NJ. et al, 1998. e | | e D N

Dodder, NG, B Strandberg, T Augspurger, and RA Hites. 2003. Lipophilic organic compounds in ‘
lake sediment and American coot (Fulica americana) tissues, both affected and unaffected by avian
vacuolar myelinopathy. Science Total Environment 311:81-89.




Novel cyanobacterial species growing on
mvaswe aquatlc plants aII AVM S|tes

| ° Prewously undescribed cyanobacterlal species
'« Cyanobacteria (or blue-green algae) are photosynthetic
. bacterial species that can produce liver and nerve toxins
« Grows as an epiphyte on hydrilla and other invasive exotic
aquatic plants in all AVM sites




Food Chain Transfer, Part |
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Transfer of AVM from affected coot tissue to red-tailed hawks

Established food chain link between coots and eagles __;)

\,.ﬂ“)

fe

Fischer, J, LA Lewis-Weis, and CM Tate. 2003. Experimental vacuolar
myelinopathy in red-tailed hawks. Journal of Wildlife Diseases 39:400-406.
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Bird species with AVM brain lesions

4 g‘;%anada geese -
i) /“.‘"-‘*f f &‘,

agles

at

Mallards, Ring-necked ducks
Buffleheads, American wigeon

-

e Killdeer

Augspurger, T, JR Fischer, NJ Thomas, L Sileo, RE Brannian, KJG Miller, and TE Rocke. 2003.
Vacuolar myelinopathy in waterfowl from a North Carolina impoundment. JWD 39:412-417.

Fischer, J, LA Lewis-Weis, CM Tate, JK Gaydos, RW Gerhold, RH Poppenga. 2006. Avian vacuolar
myelinopathy outbreaks at a southeastern reservoir. JWD 42:501-510



All AVM Sites
 Man-made ponds/reservoirs
* Nutrients low to moderate
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Submerged non-native aquatlc plants

1994 DeGray Lake, AR
1996 Quachita, AR

1998 Woodlake, NC

1998 Thurmond, SC/GA
1998 Lake Juliette, GA
1998 Par Pond, SC

1998 L Lake, SC

1999 Lake Murray, SC
1999 Sam Rayburn, TX
2003 Davis Pond, SC
2003 Emerald Lake, GA
2005 Lake Horton, GA
2005 Smith Reservoir, GA
2005 Coachmans Trail, NC
2007 Lake Varner, GA
2010 Upper Towaliga, GA
2011 Longbranch, GA
2012 Lake Tohopekaliga, FL
AN Lake Istokpoga, FL
2016 Kerr Reservoir, NC/VA
2018 Lake Tussehaw, GA

AR

1 Hydrllla ven‘:c:llata 0




. Eurasian watermilfoil

1997 Hamilton, AR

1998 SRS- L Lake, SC
1998 SRS-Par Pond, SC
1998 Lake Juliette, GA

#3
= = Brazilian waterweed
" Egeria densa

¥ i
f
F

LAY
Brazilian waterweed "

Egeria densa e
PhoobyWTaler L
2003 Center for Aquatic and Invnsivﬂ'h%

1994 DeGray Lake, AR
1996 Lake Ouachita, AR
1998 Lake Juliette, GA



Harmful cyanobacteria growing on
mvaswe aquatlc plants-- AVM sites

| ° Prewously undescribed cyanobacterlal species
'« Cyanobacteria (or blue-green algae) are photosynthetic
. bacterial species that can produce liver and nerve toxins
« Grows as an epiphyte on hydrilla and other invasive exotic
aquatlc plants |n aII AVM S|tes




Food Chain Transfer Hypothesis

Potentially toxic cyanobacterial colonies
on hydrilla and other aquatic plants in
AVM sites

& Aquatic plants and
epiphytic algae are
primary food source for
coots

Sick waterfowl are
consumed by Bald Eagles .
¥hoto: Tom Murphy




Harmful cyanobacteria growing on
Invasive aquatic plants-- AVM sites

Aetokthonos h ydrllllcola
(eagle klller living on Hydrllla)

Wilde SB, Johansen JR, Wilde HD, Jiang P, Bartleme BA, Haynie RS. 2014. Aetokthonos
hydrillicola gen. et sp. nov.: Epiphytic cyanobacteria associated with invasive aquatic plants and

lmpllcated in bird deaths from Avian Vacuolar Myelinopathy. Phytotaxa 181:243-260.
A B e nr = SR \




Map Source: U.S. Geological Survey, Nonindigenous Aquatic Species Database, Gainesville, FL. October 2016

Hawaiian
Islands

U.S. Virgin
Islands

Puerto Rico

Hydrilla verticillata
Distribution by drainage (HUC 8)~

States Established biotype Eradicated biotype N

<> With records @D Dioecious Dioecious A

> Without records @ Monoecious Monoecious
@» Both Kilometers
@» Unknown 0 250 500

I I




“Avian” Vacuolar I\/Iyelinopathy 2021
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Expanding Food Chain

animals at risk




Management solutions
Triploid Chinese Grass Carp
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Journal of Aquatic Animal Health

IS5N: 0B9S-TE50 (Print) 154B-8867 (Online] jJournal hamepage: hiipcfwaw tandfonline comiloiieahhai

Triploid Grass Carp Susceptibility and Potential
for Disease Transfer when used to Control Aquatic
Vegetation in Reservoirs with Avian Vacuolar
Myelinopathy

Rebecca 5. Haynie , William W. Bowerman , Sarah K. Williams , John R.
Maorrison , John M. Grizzle , John M. Fischer & Susan B. Wilde

% First AVM study with grass carp  Exposure type n Fish with lesions
(field and lab trials)
Lab Treatment 20 11
<» No mortality or abnormal Lab Control 20 0
behavior found in treatment or
Field 23 Vi

control fish in laboratory study

% Chickens consuming grass carp did
not develop AVM lesions.



Consistent histology, Vacuolar myelinopathy
Grass Carp VM Lesions

J. Strom Thurmond Control
Hydrilla + Aetokthonos hydrillicola Hydrilla

Dr. Alvin Camus, UGA Veterinary Pathologist



VM Confirmed

Fish

Salamanders

Frogs

AIIigator§

S




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 aptlc on. HE:E 100X. Scale bar is 100 pm.

palnted turtle fed toxic Hydrilla material. Painted tul}
picta), brain: Mumerous clear vacuoles (black arrow
myelin degeneration and dilation of axonal sheaths 3
white matter of a turtle treated with toxic hydrilla. HE:

is 100 pm. o5 *.Jni. ome variation in distribu-

doi:10.1371/journal.pone.0093295.g001 k> = X _,erehellar lesions, this did
i Pt L] . " . -

L T T - LR s in [hE clinical signs.

L s e T A i W ;birds with VM



Consistent clinical impairment

80-90 days, all turtles fed Aetokthonos positive Hydrilla exhibited
associated clinical signs of VM

Off balance swimming, floating
Weakness

Lethargy g comis @
Anorexia

Myelinopathy in Painted Turtles {Chrysemys picta)



Amphibians
Impairment, mortality, VM lesions

wa

ma

Trial 1

No. tadpoles alive
No. tadpoles alive

Bullfrog (Lithobates catesbeianus)
10 days post hatching

23]
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Frog ( s sphenocephalus)
post hatching




Trophic Transfer of Aetokthonos
hydrillicola in Mole Salamanders
(Ambystoma talpoideum)

Hunter Smith
John Maerz and Susan Wilde




Objectives

» Determine whether
paedomorphic mole
salamanders are affected
by Ah by consumption of
an Ah+ gut-loaded
intermediate food source.




Righting Response Results
R

Other signs noticed:
e Seizures

* Total paralysis

* Partial paralysis
* Head twitching

* Muscle atrophy



Trophic transfer, Water snakes (Nerodia spp.)
Melissa Martin, Audrey , Heather Fenton




¥
4
s
>
o

2

| 'mVa




Expanding Food Chain

Lethargic beaver recovered from AVM positive
site during late fall

ibution - 2014

Mount Carmel

McCormick

Plum Branch

¥

L %’ﬂ, \

)
‘
L
’
nton

Lincoll
Y _Parksville

Pollards Corner

%

Hydrilla Distribution J. Strom Thurmond Lake

US Army Corps of Engineers J. Strom Thurmond Reservoir

Date: 1/12/2015

1in =4 miles
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White matter vacuolation

cerebrum

cerebellum




Normal beaver histology cerebrum
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HPLC chromatograms (UV detection at 210 nm) methanol extracts
27 unique peak shown in the top panel

November collection JSTL hydrilla + Aetokthonos hydrillicola

AVM positive

Toxic to Cerlodaphnlaz & Zebrafish

300

August collection JSTL hyd r|IIa + Aetokthonos hydrillicola

AVM negative

2604

200 4

150

100

504

-

300

2604

Wylie, SC hydrilla without A. hydrillicola  wyeria without A. hyariticola

150

100

50
04




Histology results: May 2019 chicken gavage trial

Solvent Control AVM Toxic Hydrilla Aetokthonotoxin

Optic Tectum

Cerebellum

Brain Stem




$15
26 MARCH 2021
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Science:

Steffen Breih;l\inger and Tabitha J. Phillips
Timo Neidermeyer and Susan B. Wilde

AV AAAS

 DEADLY
CASCADE
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» Please help expand AVM survey efforts
« Send hydrilla for screening during October-December
« Email swilde@uga.edu for collection and shipping information

Susan B. Wilde

Warnell School of Forestry and Natural Resources

180 East Green Street Office: 706-542-3346
University of Georgia Cell: 706-247-5912

Athens, GA 30602-2152 swilde@uga.edu
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