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• PART 1 

• Geographic and geologic setting 

• The Mississippi’s first Dead Zone and the race 

against an exploding human population 

• An urban river’s redemption – boosted by two 

angry women and a lot of science!  

• PART 2 

• What are native mussels - and why care? 

• Gone for a century - endangered mussels 

return with a little help from an unlikely source 
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• An urban river’s redemption – boosted by two 

angry women and a lot of science!  



Population Growth 

 

Minneapolis/Saint Paul Area 
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1917 - Ford Dam 

constructed 
 1900 – mussels 

reported gone 
 



Sewage Mats on the Mississippi: May 1933 



Sewage Mats on the Mississippi: May 1933 

“The Betsy-Nell,” Clarence Jonk wrote 
in 1933, “has been lowered into the 
sewage-laden water where fish die, bloat 
and turn idly about in the eddies, 
showing their worm-infested bodies like a 
curse to the men who infected their 
world. Continuously their white mouths 
nudge the manure of humanity, the off-
wash of the streets and gutters; and here, 
curling under our starboard side, a 
brown foam bubbles and steams. Such is 
our baptism into the Great River.” (River 
Journey) 



Mississippi River: 1926 

 

Mean August Dissolved Oxygen Concentration* 

*Mean of all August observations for the time period 
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Coliform Bacteria Concentrations 

 

Mississippi River: August 1926 

 Coliform Bacteria 

Site (No. /100 ml.) 

St. Paul (UM 839) 296,400 

Newport (UM 831) 75,500 

Hastings Dam (UM 816) 275,000 

Red Wing Dam (UM 797) 14,700 

State Water Quality Standard               < 200 

 



Mississippi River Fish: 1926 

 

Sampling Site (UM River Mile) 

0

2

4

6

8

10

12

14

16

Total Taxa 

St. Paul 

UM 839 

Metro WWTP 

UM 835 

Newport- 

Hastings 

UM 832-816 

Spring Lake 

UM 820 

Red Wing 

Dam 

UM 797 

Stickleback 
Common 

Shiner 
Short-nosed 

Gar 

1 1 1 0 



Mississippi Macroinvertebrates 

 

Ponar Grab Sampling: 1926  
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1926         Clean-Water 
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Pollution-Tolerant and Clean-Water Organisms 



Metropolitan Wastewater Treatment Plant: 1942 



Research in 1959 identified the location of sludge deposits from the Metro 
Plant in the Mississippi River above Lock and Dam 2. 

 

Metro Plant  

 

 

 

 

 
Lock &  

Dam #2 

 



Metropolitan Wastewater Treatment Plant: 1966 



Population Growth 
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Mississippi River 

 

Compliance With Water Quality Standard 

Dissolved Oxygen (5.0 mg/l) 

 

Grey Cloud Island (UM 827) 

 

1976: 53% 



1976 

Dorothy Hill, Pepin Wisconsin, 

started a group known as Citizens 

for a Clean Mississippi River 

 3,000 members outraged at the Twin 

Cities use of Lake Pepin as their 

defacto sewage treatment plant for 

the past 100 years! 

 



“Carpopolis” Photo courtesy of CitiPages – Mike Mosedale 

Carp do well in polluted and impounded rivers 



Metropolitan Wastewater Treatment Plant: ca. 1982 



Combined storm and sanitary sewage  

discharge into the river depressed  

oxygen and limited life.  By the early  

1980’s several billion gallons of raw  

sewage bypassed via the storm  

sewers into the river each year.   

In the mid 1980’s separation of these  

  systems improved water quality. 



Coliform Bacteria Concentrations 

 

Mississippi River 

 Aug., 1926 Aug., 1987 

 Coliform Fecal 

 Bacteria Coliform 

Site (No. /100 ml) (No./100 ml) 

St. Paul (UM 839) 296,400 722 

Newport (UM 831) 75,500 442 

Hastings Dam (UM 816) 275,000 46 

Red Wing Dam (UM 797) 14,700 32 

State Water Quality Standard                                                                   < 200 

 



Mississippi River: 1988–1997 

 

Mean August Dissolved Oxygen Concentration* 

*Mean of all August observations for the time period 
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Water Quality Standard 



 

Chronic Ammonia toxicity threshold 

proposed for mussels (EPA, 2009) 

 

 

Chronic Ammonia toxicity threshold 

Based on fish  (EPA, 1999) 

 



Total Taxa 

Mississippi Macroinvertebrates 

 

Ponar Grab Sampling: 1926, 1959, 1985  

 
 

1959         Pollution-Tolerant   
1926         Clean-Water 
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1985         Clean-Water 

1985         Pollution-Tolerant  
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Pollution-Tolerant and Clean-Water Organisms 



Mississippi River Fish: 1926, 1981 

 

Sampling Site (UM River Mile) 

 1926             Gamefish 
1981             Gamefish 
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Smallmouth Bass 
Walleye 
Sauger 
Flathead Catfish 
White Bass 

Yellow Perch 
Smallmouth Bass 
Sauger 
Northern Pike 
Flathead Catfish 
White Bass 
Green Sunfish 
Bluegill Sunfish 

Smallmouth Bass 
Sauger 

Channel Catfish 
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Green Sunfish 
Bluegill Sunfish 
Hybrid Sunfish 



Walleyes Return to the Mississippi River 



Minnesota Fishes of the Above

Mississippi River The

Falls
No. of families 18

No. of genera 47

Total no. of species 75

No. of introduced species 10

No. of native species 65

No. of ETS species 2

 

Minnesota Fishes of the Below

Mississippi River The

Falls
No. of families 26

No. of genera 69

Total no. of species 126

No. of introduced species 7

No. of native species 119

No. of ETS species 16
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• PART 2 

• What are native mussels - and why care? 



What are native mussels 

and what do they do? 

SO….. 



Meet your “animal part” mussels - 

pigtoe 

Round pigtoe 

deertoe 

elktoe 

fawnsfoot 

sheepnose 

elephant ear 

monkeyface Higgins’ eye 



snuffbox 

Purple wartyback 

pistolgrip 

pocketbook 

butterfly 

fat mucket 









©M. C. Barnhart 
©M. C. Barnhart







Conglutinates of  
Obliquaria reflexa 

Conglutinates of  
Fusconaia flava 

©M. C. Barnhart 







A STORY OF RIVER 

REDEMPTION 

 

 

 

 

• PART 2 - Native Mussels 

 

• Gone for a century – Why Care? 
 

• 42 species once lived in the Metro river 

• By 1900 clammers could not find live mussels 

• In a 1978 survey 7 live species were found in 
the Ford dam tailwaters, 0 in Pool 1 and 0 
between St. Paul and Hastings  



By 1900 clammers seeking shell for the button 

industry noted that only old empty shells could be 

found between Hastings and the mouth of the 

Minnesota River 

Ebonyshell 

mussel bones 







Six Reasons Mussels 

Are Important To 

River Health 

1. Sessile, obligate consumers of FPOM 

2. Long lived (10 – 100+ years) 

3. Shell deposits reveal evidence of past existence 

4. Contaminants accumulate in shell annuli 

5. Mussel aggregations form habitat 

6. Fish love mussel beds  

 

 



Each annulus 

incorporates materials 

Ingested during that 

years growth 

  

 

A record of contaminant levels passing through 
the stream may accumulate in shell 



Mussel Bed – Sunrise River, MN 

  Aggregations of mussels create habitat in rivers.  

 



Hydra 

Snail 

Caddisfly 

Mussel 



Mussel bed at foot of Lake Pepin, Mississippi River 

Fish are attracted to mussel beds and 

serve as hosts to their larvae 
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• PART 2 

• Gone for a century – Endangered mussels 

return  



USFWS Jeopardy Decision 

April 2000 – Lampsilis higginsi 
Jeopardized by upriver transport of invasive zebra mussels – 

reasonable and prudent measures identified as remedies 

included reintroducing L. higginsii to areas within its former 

range that were not heavily colonized by zebra mussels.  This 

to be accomplished by moving adults and through artificial 

propagation of juveniles 



Mussel surveys on Mississippi River Pools 1, 2 and 3 

began in the summer of 2000 .   



18 species 



September, 2000 

Adult Higgins's eye were 

Rescued from a zebra mussel 

Infested area in Wisconsin and 

Moved to the urban river 



Ft Snelling 

 

Higgins’ eye transplant site 2000: 

100-years after Harder reported all 

Mussels were dead in 1900! 



Propagation: 

Collect gravid female Higgins’ eyes 



Harvest glochidia 



Infect host fishes gills 



Caged fish are held in cages on river bottom until 

mussel larvae have transformed into juveniles 



Lake Pepin, August 1919 

Mussel propagation cages 
  

Photo courtesy of Milwaukee Public Museum  



65 



Lake Pepin 

10/09/1919 

Lake Pepin  

9/24/2002 

(83 years later) 



Frontenac cage propagation site – cage fouled with zebra 
mussels  



Many individuals from the 2006 year-class were smothered by zebra 
mussels and died  



69 



Gravid!   Higgins’ eye females transplanted in 2000 show 

conclusive evidence of reproduction at reintroduction sites 

 in Pools 2&3 - September 2002 - 2006 

Gill “marsupium” 

Filled with glochidia 



Gill chamber full of glochidia

September 2005 

 

Juvenile propagated in 2001 

Reintroduced to river in 2003  
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#

#

#

# St. Croix R.

Mpls.

St. Paul

LD 2

LD 3

LD 1

Minnesota R.

Pool 2

Pool 3

Pool 4

Lake Pepin

371 adults 
placed in 
2000,01 

101 adults 
placed in 

2000 

 

 

9,365 sub-adults 
02, 03, 04, 05, 06, 07, 

08 cohorts. 

 

1,344 sub-adults 
02, 03 cohorts. 

 
6,823 sub-adults 

01,03, 04, 05, 06, 08 
cohorts. 

5,777 sub-adults 
00, 01, 02,03, 05, 

06, 08 cohort 

 

 

Higgins eye placement 
in Pools 2, 3, 4 through 
2010. 

Sturgeon Lake 

Hidden  

Falls 

Sub-adult Total UMR Pools 2-4 = 41,721 – 7 cohorts  

Adult Total = 472 – multiple cohorts (females gravid every year)  









Pool 2 

Area (m2) 

(Millions) 

# of 

samples 

# of 

samples 

with live 

mussels 

# of live 

mussels 

collected 

Mean Density 

(#mussels/m2) 

Populatio

n Mean 

(millions) 

Lower 95% 

confidence 

interval 

(millions) 

Upper 95% 

confidence 

interval 

(millions) 

# of  

live 

species 

All 

sites 

570,975 219 162 

(73.9%) 

494 9.02 5,150,000 4,410,000 5,890,000 16 





FRESHWATER MUSSELS OF MINNESOTA:  
  

A PLAN FOR CONTROLLED PROPAGATION, REINTRODUCTION AND 
AUGMENTATION WITHIN THE MISSISSIPPI RIVER FROM ST. ANTHONY FALLS 

TO LAKE PEPIN.  
  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared by: 

  

Mike Davis, MN DNR  

Minnesota Department of Natural Resources 

  

  

March 2005 

 













MN T&E 

Mussel 

Species 

Released 

into Gorge 

2007 2008 2009 2010 2011 Total 

Epioblasma 

triquetra 

(snuffbox) 

94 74 954 580 428 2,130 

Actinonaias 

ligamentina 

(mucket) 

61 0 0  1,826 1,577 3,464 

Lampsilis 

higginsii  

(Higgins’ 

eye) 

41,721 



Moving on – 
opportunities for other mussel species  

reintroductions!  



Quadrula fragosa – winged maple leaf 

Propagation efforts are underway now 

Fish hosts –  

blue catfish 

channel catfish  







Hidden Falls Park, Pool 2 Mississippi River – 2050? 

Mussel Redemption 42 species back in the River –  

HALLELUJAH!!!! 
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Potential future feature 

restoration? 

 

 

 



Modern Day Pool 1 Gorge 
Looking Upstream 

Lock and 

Dam 1 

Ford Parkway 

Lake Street Marshall Street 



 



Changes in the Pool 1 Gorge of the Upper Mississippi River 

A Preliminary Hydrologic Analysis 

 



Lower St Anthony Falls Pool, 1987 

The ancient rapids was briefly exposed in 1987 



Cap rock excavated from the rapids still line the 

shores of the gorge – putting them back could 

recreate whitewater features. 



  

LD1 LSAF 

 

  

 
Project Pool 

0.14 ft/mile 

 Flow 
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Project Pool 

 

 

cobble 

 
1.5 million cubic yards 

sand and silt 
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LET THE RIVER RUN by Mike Mosedale 

 

Should the Mississippi 

River gorge be restored? 
by Lorna Benson, Minnesota Public Radio 

July 2, 2004  

http://news.minnesota.publicradio.org/tools/search/author/author_collection.php?id=3
http://news.minnesota.publicradio.org/play/slideshow.php?feature=2004/06/28_bensonl_riverrestoration&slide=11


What might a restored gorge look like one day? 

Who would go there and what might they do? 

 

Could the gorge become an alternative for those that head up 
North every weekend?   “Hey, let’s get on our bikes and take 
the kids fishing and swimming in the gorge this weekend!”  



Seven miles of white-water rapids - might catch on with the kayak crowd 



Paddleford Rafting 

Mississippi Gorge Regional Park 
Beneath the Stone Arch Bridge, 2020 

I’d be willing to pay for rafting near home! 



New challenges in  

river management 

 

Mississippi Gorge 

International Kayak 

Competition – 2025? 

Giant spawning sturgeon killed 

by reckless kayaker 

Below falls 

 – Mpls trib. April, 1 2025 





Our Lost Gorge – a sleeping treasure 

ready to  be awakened 


