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Type E Botulism Type E Botulism 
Large Die Off  in 2006 Large Die Off  in 2006 



SLBE DieSLBE Die--off 2006off 2006
Nearly 3,000 birdsNearly 3,000 birds
–– RingRing--billed Gullsbilled Gulls
–– Herring GullsHerring Gulls
–– DoubleDouble--crested Cormorantscrested Cormorants
–– Horned and RedHorned and Red--necked Grebesnecked Grebes
–– MergansersMergansers
–– Common LoonsCommon Loons
–– ScotersScoters

Scores of fishScores of fish
–– Lake trout, carp, and round gobiesLake trout, carp, and round gobies

Cause of death = botulism type E Cause of death = botulism type E 

Photo: Alice Van Zoeren, SLBE



AmericaAmerica’’s North Coasts North Coast

20% of the World20% of the World’’s Freshwaters Freshwater
Ecologically, Culturally, commercially Ecologically, Culturally, commercially 
importantimportant
Lake MichiganLake Michigan
–– 44thth or 5or 5thth biggest in the worldbiggest in the world
–– Only Great Lake entirely within U.S.Only Great Lake entirely within U.S.



Birds and Fish InvolvedBirds and Fish Involved



Sleeping Bear Dunes - 2007 Bird Die-off Totals
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2007 2007 -- 17 Species of Birds, 8 Fish17 Species of Birds, 8 Fish



Preliminary 2007 Great Lakes Carcass Count = 8319Preliminary 2007 Great Lakes Carcass Count = 8319

Lake Huron (Sep – Nov 2007)
44 reported (CCWHC)

Lake Erie (July – Dec 2007)
3237 reported
17 (CCWHC)
~220 (Presque Isle State Park)
3000 (NY DEC; waiting on final NY counts)

Lake Ontario (June – Dec 2007)
1787 reported so far
332 Jefferson County transects
1399 Little Galloo Island (Aug–Sep)
Waiting on NY DEC for final NY counts
56 (CCWHC)

avian mortality 
reported

orLake Michigan (June – Dec 2007)
3238 reported
13 (WI DNR)
1135 (Hyde et al)
2090 (Common Coast)



FishFish--eating Birds, Diving Ducks, and Shorebirdseating Birds, Diving Ducks, and Shorebirds



2007 Piping Plovers lost 2007 Piping Plovers lost -- 2 Adults & 2 Chicks2 Adults & 2 Chicks



BotulismBotulism’’s Additional Impacts in Lake Michigans Additional Impacts in Lake Michigan

Human FoodHuman Food……..Visitor Experience..Visitor Experience……..Toxin Longevity..Toxin Longevity



Type E BotulismType E Botulism

Toxin produced by vegetative form of C. Toxin produced by vegetative form of C. botulinumbotulinum
under anoxic conditionsunder anoxic conditions
Different than type C botulismDifferent than type C botulism
–– Affects mainly fish and fishAffects mainly fish and fish--eating birdseating birds
–– Occurs mainly in Great LakesOccurs mainly in Great Lakes

Potent toxinPotent toxin
–– Prevents nerve transmissionPrevents nerve transmission
–– Dizziness, disorientation, neck or wingDizziness, disorientation, neck or wing--droop droop 
–– Leads to death via drowning, water deprivation, Leads to death via drowning, water deprivation, 

electrolyte imbalance, respiratory failure, predationelectrolyte imbalance, respiratory failure, predation



Probable role of invasive species…



Zebra and Zebra and QuaggaQuagga MusselsMussels



The The QuaggaQuagga Invasion Invasion 
Thomas F. Thomas F. NalepaNalepa slides; Great Lakes Environmental Research Laboratory, NOAAslides; Great Lakes Environmental Research Laboratory, NOAA



Round Gobies eat Zebra & Round Gobies eat Zebra & QuaggaQuagga Mussels, Mussels, 
Crayfish, Copepods, MacroCrayfish, Copepods, Macro--Invertebrates Invertebrates ––

All Type E Toxin AccumulatorsAll Type E Toxin Accumulators



Major Round Goby Population Increase Since 2005Major Round Goby Population Increase Since 2005

1 gazillion
(J. Glase, pers. comm.)

Photo: J. Sieracki (GLKN, 2006)



Summertime Summertime -- Dense Algae, Mussels Dense Algae, Mussels 
and/or Gobies on the Beach and/or Gobies on the Beach 

NPS Photo



Possible Food Chain RoutesPossible Food Chain Routes

Diving Ducks Diving Ducks –– Dive to feed on Mussels, Dive to feed on Mussels, 
crayfish, aquatic insects.crayfish, aquatic insects.
Piscivorous Piscivorous WaterbirdsWaterbirds –– Sick Round Sick Round 
Gobies and other FishGobies and other Fish
RingRing--billed Gulls billed Gulls –– Sick fish & CarrionSick fish & Carrion
Shorebirds Shorebirds –– Macroinvertebrates in algae,  Macroinvertebrates in algae,  
dead Mussels in shells, small dead Mussels in shells, small ‘‘TidbitsTidbits’’ of of 
Carrion, Maggots in bird & fish carcassesCarrion, Maggots in bird & fish carcasses





QuestionsQuestions

Are anoxic conditions present?Are anoxic conditions present?
Is type E toxin present in key benthic food Is type E toxin present in key benthic food 
web components?web components?
Is type E toxin present in dead fish and Is type E toxin present in dead fish and 
birds?birds?
What have affected fish and birds What have affected fish and birds 
consumed?consumed?



2007 Study Sites2007 Study Sites

Rocky (2)
(Dreissenids)

Sandy (2)
(No Dreissenids)

All Sites 25’ Deep



Study SitesStudy Sites

Rocky Sandy



Additional Light, Mussels, & Phosphorus Additional Light, Mussels, & Phosphorus 
Cycling in NearCycling in Near--Shore Areas = Dense AlgaeShore Areas = Dense Algae



Amazing Water Clarity Amazing Water Clarity 
NPS Probe at 7m depthNPS Probe at 7m depth



Dissolved Oxygen: SummaryDissolved Oxygen: Summary
No evidence of oxygen No evidence of oxygen 
depletion at continuous depletion at continuous 
monitoring sites; monitoring sites; 
however,however,
Anoxic conditions Anoxic conditions 
present in depositional present in depositional 
areas, andareas, and
Evidence of high Evidence of high 
oxygen demand from oxygen demand from 
Cladophora Cladophora in the dark.in the dark.
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Trophic Linkages: Stable IsotopesTrophic Linkages: Stable Isotopes
-- H. H. BootsmaBootsma UWUW--Milwaukee Great Lakes WATER InstituteMilwaukee Great Lakes WATER Institute

Mussels Mussels 
consuming consuming 
mainly mainly 
phytoplanktonphytoplankton
Gobies Gobies 
consuming consuming 
more than just more than just 
musselsmussels
Gobies feeding Gobies feeding 
differently at SM differently at SM 
and  PB sitesand  PB sites
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Trophic Linkages: Gut Contents Trophic Linkages: Gut Contents 
-- J. Leonard, R. Holman, Northern Michigan UniversityJ. Leonard, R. Holman, Northern Michigan University

58 birds analyzed58 birds analyzed
Fish and bird bones, insects, Fish and bird bones, insects, 
crayfish, gastropods, crayfish, gastropods, 
dreissenids, etc. distinguishabledreissenids, etc. distinguishable
17% had identifiable gobies; 17% had identifiable gobies; 
33% had clear evidence of 33% had clear evidence of 
dreissenidsdreissenids
Horned Grebes (9), RedHorned Grebes (9), Red--
necked Grebes (3), & Herring necked Grebes (3), & Herring 
Gulls (3), did NOT have  gobies Gulls (3), did NOT have  gobies 
in gut contentsin gut contents



BotBot--E Toxin Analysis: E Toxin Analysis: 
-- J. J. CzarneckiCzarnecki, US Naval Medical Research Center, US Naval Medical Research Center

Cladophora
(live)

Mussels

GobiesSubstrate

CrayfishCladophora
(sloughed)

Toxin presence assessed using ELISA and QPCR



ConclusionsConclusions

D.O. depletion uncommon in D.O. depletion uncommon in nearshorenearshore, , 
except in depositional areasexcept in depositional areas
BotBot--E toxin present in dead fish and birdsE toxin present in dead fish and birds
Goby and Goby and dreisseniddreissenid remains present in remains present in 
some birdssome birds
In general, some support for hypothesized In general, some support for hypothesized 
toxin pathwaytoxin pathway



Future DirectionsFuture Directions
Expand D.O. monitoring Expand D.O. monitoring 
Expand toxin detection & Expand toxin detection & 
monitoring monitoring 
Conduct intensive studies Conduct intensive studies 
(2009(2009--2011)2011)
–– MappingMapping
–– Food websFood webs

Create image databaseCreate image database
–– MonitoringMonitoring
–– OutreachOutreach Photo: T. Lafrancois
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