
Terrestrial-aquatic 
connections: 

Plastic distribution, 
degradation, and impacts on 

macroinvertebrate 
communities

Rae M. McNeish and Amy K. Fetters
California State University, Bakersfield



Massies Creek
Indian Mound Reserve, OH









Consequences 
of AL & 

Microplastics

Accumulation & Persistence Ingestion & 
infiltration into 

food webs

Entanglement & 
digestive blockage

Toxins & 
Chemicals

https://www.fws.gov/refuges/

https://oceanservice.noaa.gov/ Plasticscore.co

www.plasticsoupfoundation.org

Istockphoto.com



Plastic interacts with multiple 
levels of ecology

Zettler et al. 2013 Blight & Burger 1997; Moser 
& Lee 1992

Moos et al. 2012; Miranda & 
Carvalho-Souza 2016

Cole et al. 2013; Setala et al. 
2013

Plastic - Microbes Plastic – Terrestrial Biota Plastic – Aquatic Biota

McCormick et al. 2014
McCormick et al. 2016

Hoellein et al. 2017
MacIvor & Moore 2013



Research Knowledge Gaps
Colonization
Entanglement
Ingestion
Other

http://litterbase.awi.de

http://litterbase.awi.de/


Research Knowledge Gaps
Colonization
Entanglement
Ingestion
Other

http://litterbase.awi.de

Study anthropogenic litter similar to 
any material that is part of the 
environment
 

Collaborations!

http://litterbase.awi.de/


Anthropogenic 
Activities

Environmental 
Conditions

Organismal 
Interactions

Landscape 
Features



Kern River 
Bakersfield, CA USA



Debris Dams
• Ecologically important in freshwater

– Retain organic matter
– Serve as habitat

• Typically made of organic debris

• Now made of organic  AND anthropogenic materials

Photo: Amy Fetters



Water 
Flow

Image sources: 1) https://www.plasticfreejuly.org/ 2) https://creazilla.com/nodes/76512-water-bottle-clipart  3) https://pixabay.com
vectors/can-dose-metal-packaging-tin-2022623/ 4) https://commons.wikimedia.org/wiki/File:Clothes_hanger_icon_3.svg 5) 
https://freesvg.org/plastic-shopping-bag

Photo: Amy Fetters

Photo: Amy FettersHow do road bridge impacts 
anthropogenic litter distribution and 
‘community’ composition in rivers?



Upstream

Downstream

Under the Bridge

Amy Fetters
M. S. Student

How do road bridges impact anthropogenic litter 
distribution & ‘community’ composition in rivers?
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Photos: A Fetters



Anthropogenic infrastructure can impact AL distribution in rivers

Aquatic vegetation can serve as accumulation zones for AL in rivers

Water Hyacinth Patches Riparian Vegetation Mangrove Forests

van Emmerick et al. 2019 Cesarini and Scalini 2022 do Sul et al 2014

Trash Racks Dams Bridges

Honingh et al. 2020 Lebreton et al. 2017 Tasseron et al. 2020

Usda.govUSU.eduDreamstime.com

Theconstructor.org Southeattennessee.com https://www.bbc.co.uk/

Habitat 
complexity

Photos: A Fetters
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AL Relative Abundance – Functional Categories 
χ2

[18] = 27.83 
P < 0.05

χ2
[9] = 24.82 

P < 0.05

Total AL

Plastic 
only AL



AL ‘Community’ Dynamics Stress = 0.042
F = 2.78
df =  3
P < 0.001

Upstream

Downstream

DD

Image sources
Photos: A Fetters
https://www.plasticfreejuly.org/ 
https://pixabay.com/vectors// 
https://freesvg.org/plastic-shopping-bag
https://www.iconfinder.com



Bridges and Debris Dams Alter AL in Rivers

Spatial Patterns?Biotic Communities?

Anthropogenic Litter Management

Fetters et al. (In Prep)



How do environmental conditions 
impact AL degradation and 

colonizing macroinvertebrate 
communities?



How does anthropogenic litter affect ecosystem process 
and macroinvertebrate communities?

Mix

Plastic

Plantanus sp.  
Leaves



Depth

Pond 
Physiochemical 

Parameters

Nutrients

Light Intensity & 
UV A/B



Observations: 8 months
Pond Grassland

Natural

Plastic

Photos: A Fetters



Observations: 12 months
Pond Grassland

Natural

Plastic

Photos: A Fetters

Microplastics released from 
leaf packs were cleaned up 
after the experiment ended!



How do environmental conditions impact plastic 
degradation compared to natural leaves?

Pond



Grassland

How do environmental conditions impact plastic 
degradation compared to natural leaves?



Grassland 
117× faster

How do environmental conditions impact plastic 
degradation compared to natural leaves?



How do environmental conditions impact plastic 
degradation compared to natural leaves?

Pond 1.7× 
faster



Bugguide.net

Macroinvertebrate Families

Macroinvertebrate Functional Feeding Groups
Herbivores and predators 
dominated in the grassland

Detritivores dominated 
in the pond

Yum!

χ2
[40] = 337.91 

P < 0.05

χ2
[10] = 582.78 

P < 0.05

Plastic may be an alternative habitat 
resource for macroinvertebrates

Wilson et al. 2020
Garcia-Vasquez et al. 2018



Plastic Degradation was Impacted by 
Environmental Conditions

Plastic Habitats and Microplastic Pulses?

Fetters & McNeish. (In Prep)

Potentially Unique Macroinvertebrate Communities



Fate of anthropogenic materials in the environment

Impact anthropogenic pollution dynamics

Abundance

Distribution

Degradation

Transport

Sources

Varying environmental conditions 

https://www.fishforgarbage.org/

Anthropogenic 
Structures Habitat Conditions
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Next Talk!



      Comments?

Thank You!

     
rmcneish@csub.edu 

Questions? 
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