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ADVANCING KNOWLEDGE & STEWARDSHIP OF

FRESHWATER SYSTEMS THROUGH GLOBAL RESEARCH, 

EDUCATION, AND WATERSHED RESTORATION

Est. 1967
Avondale, Pennsylvania



Stroud Water Research Center

Staff

• ~50 full-time employees
– 10 Ph.D. scientists/educators

• +10 part-time employees

• 20-30 undergrad interns 

annually

• Volunteer corps

2019

An independent, third party, non-advocacy, 501(c)3 non-profit 



Stroud Water Research Center 
Avondale, PA

Stroud Preserve 
West Chester, PA

Maritza Biological
Station, Costa Rica

Our Flagship Research Sites



Watershed 

Restoration

Aims to re-establish normal rates and magnitudes of physical, chemical, and 

biological processes that create and sustain river and floodplain ecosystems

Photo: Marissa Morton



Watershed 

Restoration

Channel and reach focus not producing the desired recovery of ecosystem functions and 
biodiversity (e.g. Bernhardt et al. 2005; Palmer 2009)

Fundamental disconnect between watershed science and restoration practice 

Photo: Marissa Morton



We Need To Reduce:
• Stormwater runoff & flooding
• Sediment
• Pathogens
• Nitrogen and phosphorous
• Other “stuff” coming off of our landscapes
• Water temperature 

To Get Cleaner, Healthier Waterways:



Streams are dynamic 
systems

Streams are not static in 
place, time, hydrology or 

ecosystem function



Watersheds
are dynamic
in 4-dimensions



Climate and weather drive 
variations through time

Hydrology (and weather) 

dominates our 
perspectives of temporal 
dynamics (but people and 

biology matter too)
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Flood plains are
expanding and

contracting 
ecosystems
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Recognizing the importance of scale in 
understanding river and watershed ecology

Catchment System



Geology

Hydrology

Temperature

Geomorphology

Climate

Inputs from 
uplands

Chemistry

Flow
Conditions

Substratum

Primary 
producers

2o

Consumers

1o

Consumers

Feedback +/-

The Riverine Habitat Template
Humans

can influence
all of these

components

Dimensions
Longitudinal
Lateral
Vertical
Temporal

Scale
Macro to micro
Coarse to fine
Broad to narrow



Bottomland wetland forests in 
the Mississippi River floodplain

1600 1992
Mississippi 

Floodplain Loss



Land Use Impacts 
on Hydrograph



Balancing watershed production of water and 
sediment with dynamics of stream geomorphology

Changes in the watershed 
that lead to more runoff and 
stream discharge or more 
sediment delivery will result 
in stream channel 
adjustments



Natural 
Watershed

Restored
Watershed

Altered
Watershed

Driving 
Processes Restoration

Solutions

Science

Watershed Restoration



National Rivers and Streams Assessment 
2008-2009 Report

US EPA – https://www.epa.gov/national-aquatic-resource-surveys/national-rivers-and-streams-assessment-2008-2009-results

• 56% of the nation’s river and stream miles do not 
support healthy populations of aquatic life 

Good
21%

Fair
23%

Poor
56%

WHY?
Chemical stressors

Total phosphorus, total nitrogen, 
salinity, acidification, 

Physical stressors
Excess streambed sediments, in-
stream fish habitat, riparian 
vegetative cover, riparian 
disturbance

https://www.epa.gov/national-aquatic-resource-surveys/national-rivers-and-streams-assessment-2008-2009-results


Leading problems (from 2012-13): nutrient 
pollution and habitat degradation

• 40% of miles w/ high phosphorus

• 27% with high nitrogen

• 24% poor vegetative cover

• 20% high levels of human disturbance nr stream 
banks

• 15% have excess levels of streambed sediments

• All can be addressed by riparian buffer restoration, 
soil health improvements, and whole farm 
management plans (to varying degrees)

US EPA –Report: National Rivers & Streams Assessment 2008-2009



We Need To Reduce:
• Stormwater runoff & flooding
• Sediment
• Pathogens
• Nitrogen and phosphorous
• Other “stuff” coming off of our landscapes
• Water temperature 

To Get Cleaner, Healthier Waterways:



Land cover/use in United States (2017)

https://www.visualcapitalist.com/america-land-use/

https://www.usgs.gov/media/images/map-croplands-united-states

U.S. croplands in a nominal 30-m resolution derived primarily with 
Landsat imagery for the year 2015. The United States has 166 million 
hectares of net cropland area and is ranked second in the world after 
India, which has 180 million hectares of croplands.

https://www.visualcapitalist.com/america-land-use/
https://www.usgs.gov/media/images/map-croplands-united-states


Stroud Center’s Farm Stewardship Program

Bud and Marilyn Miller
Stroud Partner Farm
Berks County, PA



Thus, farms are a 
great opportunity 
for:

- scale of work
- pace of work
- impact of work

Many Partners!



Replace Near-Stream Pollution with Forest
[building buffer zones also may treat pollution from upland areas]

Before After



Before After

Before After



Planted Apr 2007
Photo Aug 2008



Planted Apr 2007
Photo Aug 2008



Spring 2014







Buffer Effectiveness
Results (1998-2006)

(Newbold et al 2009)

Nitrogen: 26% removed

Suspended sediments: 43% removed

Total phosphorus reduction was 
inconclusive… 

22% reduction in particulate P, but 
buffer released compensating  quantity 
of dissolved P (likely after 
decomposition of particulate material)

Results required 10 yr minimum



Aguiar Jr., T. R., F. R. Bortolozo, F. A. Hansel, K. Rasera, and M. T. Ferreira. 2016. Riparian buffer zones as 
pesticide filters of no-till crops. Environ Sci Pollut Res 22:10618–10626.

Buffer Effectiveness

Other pollutants are also 
removed/retained/treated by 
riparian buffers



75 acres of riparian forest buffers 1.5 acre floodplain wetland
44 swales, totaling 3 miles 4 miles of stream enhanced with large wood

Restoring Flood Attenuation and Ecological 

Resiliency in the Mid-Atlantic Piedmont
East Br. White Clay Creek





2 inch 24-hr storm yields approximately 37,000 m3 of runoff

Installed level spreader capacity to capture minimum of 5,150 m3 

of runoff (>10% of total) and 590 kg of fine sediment



Large Woody Debris

• Slow stormwater flow 
and downstream 
sediment movement

• Improve in-stream 
habitat

• Alter channel shape







Floodplain Wetlands
• Provide Flood Storage
• Capture Sediment
• Provide Critical Habitat

Pre-construction

During-construction

Post-construction



Beyond the Riparian Corridor, 
What is the Watershed Context?

How much can you impact Water Quality and Water 
Quantity with Watershed Management?

What impact will that have on the stream system?



Fix All Runoff Problems

Farm
Stewardship
Program:

Whole Farm 
Conservation

Conservation Plan

Forested Stream Buffer Soil Health



Soil health principles

Photo: Marissa Morton

Funded by:





Soil Health Principles

Photo: Marissa Morton



Agricultural soils are part of a complex ecosystem

Ecosystem services:
 Nutrient cycling and mineralization
 Sequestering carbon & building organic matter
 Disease & pest suppression
 Building soil structure

Living roots feed the soil biology



Living plants & soil microbes build soils

Improved soil structure and increased soil organic matter

Photo: Marissa Morton

For every 1% increase in soil organic matter, soils can have an additional 17,000 –
25,000 gallons of available water per acre



“We don’t have a runoff problem, we have an 

infiltration problem”

– Ray Archuleta

Improving Infiltration

Double Ring
Infiltrometer



Photo: Marissa Morton

From Union of Concerned Scientists, 2017. “Soils as Sponges”



Less runoff = less flooding

Photo: Marissa Morton



Sediment transport

Excess sediment leads to:
Loss of habitat 
Changes in stream morphology dynamics
Delivery of nutrients and sometimes pesticides and other potential contaminants

Photo: Marissa Morton



Groundwater recharge

Improved soil infiltration rates allow for more groundwater recharge and increases base 
flow conditions in the streams. Groundwater flow paths can help process nutrients, filter 
some pollutants, and can help provide cool stream water in summer months

Photo: Marissa Morton

Created by Stroud Water Research Center



Cover crops can capture nitrates

Harborview Farm data collected by Ray Weil, University of Maryland, 2020. 

Photo: Marissa Morton



Nutrient loss to the environment

● Only about half of the nitrogen 
fertilizer applied is absorbed by the 
crop

● Some farmers are applying N based 
on 50+ year old research

● Phosphorus is bonded to soil 
particles and enters waterways via 
soil erosion

● Biologically active soils retain and 
cycle nutrients so less fertilizer is 
required

*Insert photo/graphic 
here, then delete this 
text and the gray box



Field 6.1 
No cover crop

Field 6.2 
Yes cover crop



Boulton’s branch 
weir -->

Archie’s branch 
weir 

Yes 
Cover

No 
Cover

Yes 
Cover

No 
Cover

Evaluating How Conventional, Conservation, and Organic Farming 
Management Practices Enhance Soil Health and Improve Water 

Quality



Boulton’s branch 
weir -->

Archie’s branch 
weir 

No 
Cover

Yes 
Cover

No 
Cover

Hay

Hay

Hay

Hay

Conservation
No-Till

Conventional
Till

Organic
Till

Organic
No-Till

Hay

Morris RunReducing 
Pollution from 
Agriculture in 
the Delaware 

River Watershed 

Research, outreach 
and education to 

identify and 
encourage the most 

effective “water-
friendly” agricultural 
production methods 



Field 6.1 
No cover crop

Field 6.2 
Yes cover crop







No 
Cover Crop

Cover Crop



No 
Cover Crop

Cover Crop



.org &
Open-Source Systems for Low-Cost, Realtime Monitoring

U build & deploy

Web software for 
data capture/visualization



& .org

Webinar Specific Online Resources

https://WikiWatershed.org/ http://MonitorMyWatershed.org/

https://www.EnviroDIY.org/

https://wikiwatershed.org/
http://monitormywatershed.org/
https://www.envirodiy.org/


What is                     ?
A community of enthusiasts sharing do-it-yourself 

ideas for environmental science and monitoring

• open-source compatible hardware/software

• web-based forum for users to help each other

• web-based mapping and data capture/visualization  

• workshops for training (researchers, citizens 

scientist, educators, students)



EnviroDIY promotes do-it-yourself environmental 
monitoring and sells electronic hardware



Solar panel

Decagon CTD-10 sensor –
Conductivity, 
Temperature, Depth

Mayfly data 
logger board

Campbell OBS-3+ 
Turbidity sensor

Solar panel and 
logger box

Sensor bundle (sensors, hose clamp, 
PVC sheath, mounting pin)

Mounting pin – remove to take 
sensor bundle out of stream

Staff gauge – for on-
site reference and 
use in developing 
hydrologic rating 
curves

Full station – sensors and 
logger box with solar panel

Logger box

Sensor Station



The Mayfly Datalogger connects to water 
sensors and transmits data via 4G cell network



Monitor My Watershed is a web-based data 
sharing app (an environmental IoT technology)



Campbell OBS3+ Turbidity 
sensor

Meter Hydros 21 CTD sensor 
(formerly Decagon CTD-10)

Sensor Station



TU Chapters utilizing 
EnviroDIY/Monitor My Watershed

50+ sites belonging to various TU Chapters or individuals working with TU Chapters



Valley Creek, PA installation with 
TU members

Bear Creek, Michigan installation with 
Jake Lemon 2019

Rum Creek, Michigan installation 
during TU workshop 2019



Workshops

½ to 3 days long, 

hands-on (usually), all 

audiences



The                    Workshop
Hardware 

Components
and Sensors

Building Monitoring 
Stations

Programing with Open 
Source Software

Strategies for 
Deployment

Online System
for Data Capture and 

Visualization

Data Management, 
Analysis, and Interpretation

Quality Assurance and  
Control

	



User group support workshops and small group trainings

• For individuals who are already using sensor stations

• Time for discussion, networking, and updates; topics:

– Maintenance/upkeep

– Field procedures

– Quality control procedures

– Data analysis – usage of MonitorMyWatershed

– Defining/refining goals for data usage



Hardware



Forums

https://envirodiy.org

https://envirodiy.org/


Hardware

https://envirodiy.org

https://envirodiy.org/


Arduino Code

GitHub

Users share code here:
https://github.com/EnviroDIY

https://github.com/envirodiy


https://www.instagram.com/stroudcenter/

https://www.facebook.com/StroudCenter/

https://www.linkedin.com/company/stroud-water-research-center

https://www.youtube.com/StroudCenter

https://stroudcenter.org/

Connect with Stroud Center?

https://twitter.com/stroudcenterhttps://stroudcenter.org/events/

https://www.instagram.com/stroudcenter/
https://www.facebook.com/StroudCenter/
https://www.linkedin.com/company/stroud-water-research-cente
https://www.youtube.com/StroudCenter
https://stroudcenter.org/
https://twitter.com/stroudcenter
https://stroudcenter.org/events/




https://stroudcenter.org




