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Landscape perspective 



What is a watershed? 
Surface water and ground water flow into a receiving water body 

https://mwmo.org/learn/stormwater-101/what-is-a-watershed/



Why is Connectivity Important?

• Nutrients can travel off the 
land and among waterbodies

• Individuals and materials 
move between lakes, 
streams, and wetlands

• Provides food for organisms, 
spawning habitat for fish, and 
habitat refuge

• Distributes contaminants and 
invasive species 

https://dissolve.com/



Monitoring
helps understand
connections 

allows us to have 
big datasets to 

analyze ecosystem 
health 

track trends over 
space and time 

report on water quality, 
highlight sites or regions for 
further agency assessment, 

track invasive species, 
develop watershed 

management plans, and set 
fishing regulations



Connectivity 
provides 

food

• Food can drift down

• Nutrients between water 
bodies delivered to aquatic veg

•  Some organisms can move 
within or among a lake or 
stream to find food

https://www.eekw
i.org/great-
lakes/ecosystems

Fieldandstream.com

Engbreston Underwater Photography

Phil Velasquez Chicago Tribune



Connectivity 
provides 

habitat refuge

• Temperature 
• Seasonal migration – access to deeper water or 

cooler water in the summer 
• Long-term shifts in response to warming 

climate 

• Oxygen 
• move into a stream or connecting lake during 

periods of low oxygen in the winter

nsta.org

Ravi Pinisetti 



Connectivity for 
spawning
• Shallow portion of a lake, 

stream, or wetland provides 
habitat for spawning 
• Some species move from lakes 

into streams to spawn
• Currents are important in 

transport from spawning 
habitat to nursery habitats

USFW

Pikecaster.com

Minnesota DNR

walleye

northern pike 

sturgeon



Examples 



How do different factors affect lakes, streams, and wetlands? 

King, Cheruvelil, Pollard. 2019.

EPA 
assessments



Total Phosphorus  

https://www.diffen.com/difference/Minerals_vs_Rocks

Total Nitrogen  



Regardless of freshwater 
type, agricultural and 
forested land within the 
watershed were the most 
influential on TP and TN

King, Cheruvelil, Pollard. 2019.



Forest  

wetlands 

lakes 

streams 

Total Phosphorus 

King, Cheruvelil, Pollard. 2019.



Agriculture 

Total Phosphorus 

wetlands 

lakes 

streams 

King, Cheruvelil, Pollard. 2019.



Agriculture 

Total Phosphorus 

wetlands 

lakes 

streams 

King, Cheruvelil, Pollard. 2019.



King, Cheruvelil, Pollard. 2019.

Future land use 
intensification is likely to 
similarly negatively impact 
nutrients in all three 
freshwater types

Powerful to integrate 
across freshwater types at 
the macroscale 

Implications for management 



Soranno et al. 1999.

How does connectivity affect water quality? 

1

2

3

USGS

Secchi depth decreased along the lake chain

Lake chain number 



How does connectivity affect fish diversity in 
lakes and streams? 

Why is diversity important? 

• Less vulnerable to invasive species
• More productive or stable ecosystem 
• More ecosystem services 





Many fish species are found in 
both lakes and streams/rivers 

King, Bremigan, Infante, Cheruvelil. 2021. CJFAS.



Types of connectivity 

King, Bremigan, Infante, Cheruvelil. 2021. CJFAS.

less connected more connected 

isolated 
lakes

headwater 
lakes

drainage 
lakes

lakes with 
upstream lakes

riversheadwater 
streams

headwater 
streams with a 
downstream 

lake

Mid order 
streams



Lakes and streams with high connectivity support many species

King, Bremigan, Infante, Cheruvelil. 2021. CJFAS.
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• connectivity can help explain 
species composition across lakes, 
streams, and rivers

• lakes and rivers have similar 
assemblages

• isolated lake assemblages are a 
subset of connected lakes 

• mid-order streams overlap 
headwater and river

River

MID_stream

HW_stream

HW_lake

DR_lake

ISO_lake
HW_stream_lake

King, Bremigan, Infante, Cheruvelil. 2021. CJFAS.

DR_lake_lake

Species composition across LAKE & STREAM connectivity



Implications for conservation 

Understanding connectivity & fish biodiversity patterns in lakes & streams can help:

• Include both lakes and streams in management decisions 

• Plan protected areas - need a range of connectivity

• Broad-scale management – watershed approach

http://www.divephotoguide.com/user/websidive/gallery/lake-gr-bl/photo/22515/



Volunteer
Monitoring 

allows us to have 
big datasets to 

analyze ecosystem 
health 

track trends over 
space and time 

report on water quality, 
highlight sites or regions for 
further agency assessment, 

track invasive species, 
develop watershed 

management plans, and set 
fishing regulations



Volunteers help us have big datasets 



zooniverse.org



We currently 
have historical 
records 
matched to 
about 1/3 of MI 
lakes

The fish collection 
data range from 
1921-1991



• Most lakes showed relatively 
stable long-term water clarity

• lakes at more southern 
latitudes generally had trends 
of long-term decline in water 
clarity

• lakes situated at more 
northern latitudes showed a 
shift towards long-term 
increases in water clarity



Connections in MiCorps



Connections in MiCorps



Conclusions 

• Lakes and streams are a 
part of the terrestrial and 
aquatic landscape 
• Not to think of streams and 

lakes as separate entities
• Future directions for 

MiCorps- collaboration 
between programs 
• Monitoring helps report on 

the quality of Michigan 
waters

www.iwla.org/



Questions? 

Dr. Katelyn King

Email: kingkb@umich.edu

@katelyn8king


