
Lake Superior Ciscoe Recruitment Dynamics

Data from USGS (historic), WI DNR (recent)
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Satellite images from UW-Madison. Ice data from NOAA GLERL. Fish data from USGS Lake Superior nearshore fish surveys

Cisco-1
Anybody out there?

Lake Superior Ice 

Cisco Recruitment 



Lake Superior Ciscoe Population Dynamics

Data from USGS Lake Superior nearshore fish surveys
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Maximum Lakewide Ice Cover, Percent

Lake Superior data from USGS Lake Superior nearshore fish surveys, Canadian Ice Service. Lake Mälaren data from Nyberg 2001. 
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Lake Superior Ice Cover and Ciscoe Recruitment Relationship



Lake Superior Cisco

Cisco

Mark VinsonGL Fishers Kiyi New York Deli’s TNC Lake Trout Mysis

Relationship Status

Family Members

Bloater Kiyi Shortjaw Blackfin 

Relationship with Ice Cover

Partnership
Separated
Divorced
It’s complicated



Can we develop a model that identifies what factors 
underlie the variability in survival to age-1?

Adult Spawning
• Population size
• Health / fecundity

Egg Incubation
• Ice Cover
• Temperature
• Predation

Larval stage
• Growth
• Predation
• Temperature



Lake Superior Ciscoe age-1 Recruitment Predictive Model

Data from USGS Lake Superior nearshore fish surveys

Recruitment group Years Index value

None-Low 19 <2 fish / ha

Measurable 12 3-33 fish / ha

High 7 68-750 fish / ha

Possible factors explaining 
recruitment

low medium 
& high

Factor 1

yes no

medium high

yes no
Factor 2



Typical lakewide 15% January ice cover

Causal Factors Influencing Cisco Recruitment
Regression tree analysis of the annual recruitment index over 38 years

19 12 7

None-Low recruitment Low-moderate recruitment High recruitment

100 m depth zoneKnown Ciscoe
spawning sites

FACTOR 1: Early Ice  January ice cover <15%                         January ice cover >15%

90% of measurable 
recruitment events



Cisco age-1 Recruitment and Ice Cover



Why would ice be important?



Ice and light

Images from USGS LandSatLook. Light data from Sand Island, Lake Superior, Taylor Stewart University of Vermont
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Two Potential Mechanisms Between Ice and Recruitment
Light – development rate and energy storesTemperature – development rate

Egg development curve from Colby and Brooke 1973. Yolk-sac area and images from Taylor Stewart, University of Vermont
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Trend in January Ice Cover

Satellite image from UW-Madison. Ice data from NOAA GLERL

January ~15% ice cover

15%



Causal Factors Influencing Cisco Recruitment
Regression tree analysis of annual recruitment over 37 years

FACTOR 1: Early Ice January ice cover <15%                         January ice cover >15%

19 12 7

None-Low recruitment Low-moderate recruitment High recruitment

FACTOR 2: Spring warming      July >7°C          July <7°C

90% of measurable 
recruitment events



Cisco age-1 Recruitment and Water Temperature



Trend in July Water Temperature

Ice and water temperature data from NOAA GLERL

7° C



Forecast

Ciscoe populations will continue to decline without successful recruitment

Current climate trends may increase ice cover variability

Can intermittent polar vortex years sustain ciscoe populations?

Cisco recruitment data from USGS nearshore surveys. Ice data from NOAA GLERL. Temperature forecast from Environmental Law and Policy Center

Years with >15% January ice 
decreased over the past 50 years

~30 day reduction in the number of 
days <32°F over the next 50 years

The past The future?
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