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Hypoxia in the central basin—
mussel caused?



Microcystis plume in Maumee Bay, western Lake Erie

Are they responsible for Microcystis blooms and 
will they continue?



Lake Erie, Put-In-Bay, 
Sept 2006, 
Juli Dyble, NOAA-GLERL

Microcystis in a glass
Tom Bridgeman, U. of Toledo



Lake Erie, Put-In-Bay
August 2004
Juli Dyble, NOAA-GLERL

Lake Erie, South Bass Island
August 2004
Juli Dyble, NOAA-GLERL



The extent of the muck along shoreline at Bay City State Park

Are they responsible for muck on beaches?



Diver in Cladophora bed off Sleeping Bear Dunes, 20ft
Photo by B. Lafrancois



Bird die-offs from botulism— is this 
mussel related?

More than 1300 loons died during 2006–2007 from type-E botulism poisoning along
the shores of northern Lake Michigan 



Tom Bridgeman of the University of Toledo holds up toxic algae found 
on the swimming beach at Maumee State Park. 
( THE TOLEDO BLADE/DAVE ZAPOTOSKY ) 

Big mats of filamentous toxic 
algae—mussel caused?



What zebra & quagga mussels do



What Mussels 
Do:
Some interactions 
of mussels with 
other members of 
the food web



The Microcystis story started on Saginaw Bay
in 1996:
1) Vic Bierman said water quality models and P 
reduction are not consistent with blooms in 1994. 
2) Hank blamed mussels.
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Saginaw Bay Story
•Mussels knock down chlorophyll in Spring
•Chlorophyll & Microcystis increase during summer



The Beginning of the story:
Mussels and Lake Erie Microcystis bloom 

of September 1995, Hatchery Bay

The selective rejection paradigm: large toxic colonies are rejected 
while small algae are ingested (Vanderploeg et al. 2001)



Original paradigm details

• Abundant dreissenids clear a significant 
fraction of the water column per day

• Large toxic (or unpalatable) Microcystis are 
easily sorted from smaller phytoplankton and 
rejected as pseudofeces

• Pseudofeces are loosely aggregated with 
Microcystis returned to water column

• Nutrients from “processed” algae returned to 
water column to “feed” Microcystis



Possible challenges of Microcystis
to grazers & experimenters

• Colony size range ~20 µm - 2 mm (most > 
53 µm)

• Microcystins and other toxins in cells
• Irritants/toxins in mucilage
• Viable gut passage?



Gilkey Lake (no mussels present) strain —
no feeding on any size category

Note symptoms of 
distress: siphon 
not fully open & 
weak expulsion 
response

Fraction  Initial chl  (µg/L) Microcystin / chl F A (mL/cm 2/h) 

>53µm 1.96 0.099 -10.53 

<53µm 0.84  -1.90 

Total 2.79  -8.20 
 



Gilkey Lake strain plus Cryptomonas

Note rejection of individual colony 
as it enters siphon



More evidence and puzzling results

Microcystis increased in low TP lakes (<25 µg L-1), but not in 
high TP lakes (>25 µg L-1) invaded by zebra mussels 
(Raikow et al. 2004)
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Graduate student Geoff Horst with his 30 
mesocosms at Gull Lake—each with 

different nutrient and mussel concentrations
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L   =  no P addition
M  = medium P (15 ug/L)
H  = high P (30 ug/L)
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TREATMENTS

Enclosure diameter = 2 m

22 23 24

25 26 27

28 29 30

Enclosure Mussel Nutrients
1 2.5 High
2 2.0 Low
3 1.5 Medium
4 2.0 High
5 2.0 Medium
6 3.5 High
7 1.0 Low
8 0 Medium
9 0 Low

10 0 High
11 4.0 High
12 3.0 Low
13 4.0 Low
14 0 High
15 3.0 Medium
16 0.5 Low
17 1.5 High
18 2.5 Medium
19 0 Medium
20 2.5 Low
21 0 Low
22 1.0 Medium
23 1.0 High
24 1.5 Low
25 0.5 Medium
26 3.0 High
27 4.0 Medium
28 3.5 Low
29 0.5 High
30 3.5 Medium



Clearance rate as a function of microcystin content in 10 
enclosures on day 31 (3rd trip)



-0.3 ± 0.3-0.5 ± 0.45.0<53 µm

2.9± 1.21.1 ± 0.421.1Total

3.2 ± 1.01.6 ± 0.516.1>53 µm16h

8.2 ± 4.53.8 ± 2.022.4Total

-1.9 ± 1.6-3.9 ± 3.44.9<53 µm

10.1 ± 4.86.0 ± 2.817.5>53 µm2 h

A
(% C/d)

FA

(mL/h/cm2)
Chl conc.

(µg/L)FractionDuration

Clearance rates (FA) and assimilation rates (A) of mussels on Lake Erie seston on 
8/29-30/2006 for short and long feeding bouts—Microcystis dominating



0.070 ± 0.0020.200 ± 0.0100.39 ± 0.012.76 ± 0.14Final quaggas (4)

0.052 ± 0.0030.165 ± 0.0110.34 ± 0.022.78 ± 0.18Final controls (3)

0.058 ± 0.0030.170 ± 0.0140.29 ± 0.022.97 ± 0.24Initial quaggas (4)

0.060 ± 0.0010.192 ± 0.0070.30 ± 0.013.09 ± 0.11Initial controls (3)

< 53 µm>53 µm<53 µm>53 µmSample

Microcystin:Chl (weight ratio)Microcystin conc. (µg/L)

Microcystin concentration (by ELISA) in seston measured at beginning and end of 
long term (16 h) feeding bout on Lake Erie seston 8/29-30/2006.



7/25/2007, Mesocosm #22
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� Growth requirements

� Benthic

� Hard substrate for attachment
� High light intensity (300-1200 uM/m2/s)
� Moderate temperatures (18-24 C)

� Blooms usually associated with PO4
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� Horizontal
� Substrate limited

� Vertical 
� Light limited 

� P stimulates growth

� Growth begins at 40°F, 
dies off at 75°C

Scott Higgins, University of Waterloo



Scott Higgins, University of Waterloo



Scott Higgins, University of Waterloo



Scott Higgins, University of Waterloo



Are there enough mussels to do the job?
Fraction of water column cleared (FC) depends on mussel 

biomass and water depth for a given filtering rate
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If FC is large then they will remove algae at a fast enough rate to remove good 
algae and make the water clear



Mussels are patchy—
2002 data from 
Patterson et al. (2005)



Dreissenid Abundance and Impact
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Impacts could be greatest at middle to offshore depths—
depending on substrate deph

Fig.2. Hypothetical distribution and impacts of 
zebra and two morphs of quagga mussels along a 
nearshore-offshore transect and how P transport is 
related to site and mussel abundance.   

The eastern basin could take the biggest hit



Some patterns from Lake Michigan 
relevant to eastern basin of Lake 

Erie



Chlorophyll a  at M110, the offshore station               
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We knew this and that quagga mussels had been rapidly expanding into deep water in 
2003, when we shut it down—would have been interesting to know dynamics in 
2004-2006.



Thermal structure and chlorophyll
in early August 2000 observed with
PSS.



Late June 2007 LPSS test cruise along
Muskegon transect—note chlorophyll 
distribution (ignore PAR, its garbage)



Chlorophyll a                
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Offshore site (110 m) near Muskegon, MI
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Grazing experiments with 
cultures can lead us astray
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Mussels respond differently to 
different Microcystis culture strains



Innovative experiments at Gull Lake
• Standard 2-h feeding and nutrient 

excretion.
• Long-term feeding to see what Microcystis

strains (genotypes) remain and their 
toxicity and toxic gene expression.

• Exam of pseudofeces to see what 
morphotypes and genotypes are rejected


