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Type E botulism:

what are the food-web pathways?
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Common to all photosynthetic algae
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Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)
spring Lake Erie 93.%  Aulacoseira islandica (centric)
spring Lake Ontario 78.%  Aulacoseira islandica (centric)
summer Lake Erie 32.% Fragilaria crotonensis (pennate)
summer Lake Ontario  7.%  Fragilaria crotonensis (pennate)
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Cryptophytes
alloxanthin C,oHs,0,

lycopene CoH:

Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)

spring Lake Erie 5.2%
spring Lake Ontario  13.%
summer Lake Erie 17.%

Rhodomonas minutae
Rhodomonas minutae

Rhodomonas minutae

summer Lake Ontario 23.%

Cryptomonas erosa

http://huey.colorado.edu/LTER/images/pictures/lakes/plankton/rhodomonas/Rhodomonas_891204_T2D.html
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Chlorophytes
violaxanthin CoH5604
antheraxanthin C,yHs¢04

lutein C40H560,

HO'

OH

HO'

Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)

spring Lake Erie not abundant
not abundant

36%

spring Lake Ontario

summer Lake Erie

Pediastrum simplex, Pediastrum spp.

summer Lake Ontario 19%

Staurastrum gracile, Oocystis borgei, tetraedron min.

Epilithic chlorophytes _ ??%

Cladophora glomerata, C. vagabonda
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Cyanobacteria
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echinenone C,oH5,0 .
Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)

spring Lake Erie 1% Anacystis montana

summer Lake Erie 10% Microcystis spp

Yuuiji Tsukii: Zenko-ji Nagano 2003 http://protist.i.hosei.ac.jp/
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Chrysophytes

diatoxanthin C4oH540,

HO'

Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)

spring Lake Erie not abundant

spring Lake Ontario not abundant
summer Lake Erie not abundant

summer Lake Ontario  5.5% Dinobryon divergens

© Michael R. Martin 2002  http://www.cedareden.com/micro/diatom.html|
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Dinoflagellates

OH

peridinin C3oH5,04 T,

CH,C00! ‘OH

Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)

spring Lake Erie not abundant
spring Lake Ontario 8.9% Gymnodinium helveticum
summer Lake Erie 4.9% Ceratium hirundinella

summer Lake Ontario 46.%  Ceratium hirundinella

Yuuji Tsukii: Daidarabotchi-ike, lizuna-kogen, Nagano 2003

http://protist.i.hosei.ac.jp/ U at ALBANY .ﬂ“
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Euglenophytes

neoxanthin C4oH5604 g LY

Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)

spring Lake Erie not abundant
spring Lake Ontario not abundant
summer Lake Erie not abundant

summer Lake Ontario  not abundant

Yuuji Tsukii: Sugadaira, Nagano, 2001  http://protist.i.hosei.ac.jp/
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Seasonal changes: Lake Erie

Phytoplankton spring®*  summer* pigments expected in diet
diatoms 93% 32% fucoxanthin C4oHs004
diadinoxanthin ~ C,,H;,04
diatoxanthin C4oHs,0,
cryptophytes 5% 17% alloxanthin C4oHs,0,
lycopene CaoHse
chlorophytes - 36% violaxanthin C4oHs60,
antheraxanthin  C,,H;;0,
lutein CuoHs60;
cyanophytes 1% 10% myxoxanthophyll C,Hs,0-,
zeaxanthin C4oHz60,
canthaxanthin ~ C,,H;,0,
B-cryptoxanthin  C,,Hg,O
echinenone CyoHs,0
* Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)
sl . I
Seasonal changes: Lake Ontario
Phytoplankton spring* summer* pigments expected in diet
diatoms 78% 7% fucoxanthin C,,Hs004
diadinoxanthin ~ C,,Hg,0,
diatoxanthin C,oHs5,0,
cryptophytes 13% 23% alloxanthin C,oHs5,0,
lycopene C,oHse
chlorophytes - 19% violaxanthin C,oHs60,
antheraxanthin =~ C,,Hz,0,
M C40H5602
chrysophytes - 6% diatoxanthin C4oHs,0,
dinoflagellates - 46% peridinin CyoH5,04
* Lake Guardian phytoplankton survey 1998 (Barbiero, Tuchman 2000)
s%ﬂ’b?d’ﬂl U at ALBANY .QI‘I
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Carotenoids found in the food web

Se 1 ¢ D GG

diatoms & fucoxanthin C,,Hg,Og 3k x
chrysophytes diatoxanthin C,,H.,0, b b
cryptophytes  alloxanthin  C,,Hg,0, o e
chlorophytes lutein CoHz60, (k) *x *x x
cyanobacteria zeaxanthin C,Hg,0, % b < 3
cantha- C4oHs,0, x x
B-crypto-  C,H5c0O S %
echinenone C,H;,0 3¢ b *
euglenophytes neoxanthin  C,,H;;0, *
dinoflagellates peridinin CyHs,0;, NF NF NF NF
crustacean  astaxanthin C,,Hg,0,
metabolism B R
sl sanswy DOH
Biomarkers and time: prey vs predator profiles
food resources: present past and future
biomarkers of prey biomarkers of predator
and past ingestion
tissue analyzed: recent ingestion long-term accumulation
stomach liver
intestines muscle
(spleen) integument (skin)
eye
brain
gonads, eggs
sl i St osoties acuatcanmalshoundgepyindes il v ey DH
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Sample collection: Lake Erie (Lake Ontario)

EPA GLNPO: late 2003
Culligan (NYDEC)
Getchell, Bowser (Cornell)
Fynn-Aikins, Trometer, Goehle (FWS)
Fish 2003
smelt Oct
round gobies Sept - Oct
smallmouth bass Sept
rock bass Sept - Oct
A. Perez Fuentetaja (SUNY-Fredonia) black crappie Sept
Macroinvertebrates 2003 sheepshead
Sept - Oct
diptera weekly (Aug) white perch Sept - Oct
oligochaeta weekly (Aug) yellow perch Sept
dreissenids June, Aug (6) spottail shiner Sept
U at ALBANY .QI’I

Sample preparation: pigments in tissue specimens

Precautions
* Specimen storage: - 80 °C, dark (use dry ice in field)
** Biological safety cabinet (level Il) including chemical fume hood

* protect pigments ** protect analyst - C. b. type E toxin, pathogens

Procedures

i dissect specimen
ii homogenize tissue
iii freeze dry and determine percent dry weight
(mussels ~ 5% dw; fish ~ 20% dw)
iv weigh specimen to be extracted: 75 - 300 mg dw (1500 mg ww)
v solvent extract in acetone, sonnicate in dark, cold
vi saponify KOH, methanol; solvent exchange, cleanup, dry
vii concentrate extract: dry N,
viii filter extract, 0.2 um, into screw-cap vial

U at ALBANY .g“
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HPLC-photodiode array analysis

Chromatograms: retention times, peak areas
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Lake Ontario samples, Aug 2002*
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NY Sea Grant 2004-6
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: Lake Erie (Lake Ontario)

Culligan (NYDEC)

Getchell, Bowser (Cornell)

Fynn-Aikins, Trometer, Goehle (FWS)

Fish collection

smelt summer, fall
| _round gobies summer, fall

smallmouth bass summer, fall
_ sheepshead summer, fall
yellow perch fall

A. Perez Fuentetaja (SUNY-Fredonia)
Macroinvertebrates  collection
diptera weekly
oligochaetes weekly
guagga mussels weekly

walleye fall
white perch fall
trout ?2???

Birds

gulls

long-tailed ducks
loons

grebes

Others of interest
crayfish
mudpuppies
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Crustaceans: astaxanthin; fatty acid (FA) esters

FAs saturated

C14:0, C16:0,
C18:0, C20:0
‘free’ astaxanthin

C16:0 monoester

monounsaturated
C18:1n9

CaoHs204
CssHg205 o (T Y
A~~~

PUFAs
C18:3w3, C18:206, C20:503
C20:4m6, C22:£50)3

C16:0-C18:1 diester C,,H,,,0,

A~~~ A
mollusks, fish, birds - also possible

C40H56()2

‘free’ lutein

\\\\\

C16:0 mono- CgeHgeO3 ¢ S
C16:0 diester C,,H,,,0,

(helenien)

S brt

Ny York

Whitney Stocker: http://webby.cc.denison.edu/~stocker/limosus.html
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