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Delaware River Watershed Initiative 
“Ensuring Sufficient Clean Water Through 

Healthy Watersheds and Human 
Communities”

Targeted Funding: Restoration and Preservation

Working Through “Grasstops” Organizations

• Not top down, 50+ organizations
• Many Partners
Continual Evaluation of Program Value and Transferability 
(lessons learned)

• Use data to inform next steps



Coordinated Actions Throughout The Basin

Targeting land use-water quality relationships

Restoration projects
• Agricultural runoff
• Stormwater
• Aquifer overexploitation & contamination

Land preservation
• Protect against development threats
• Connect adjacent parcels to maximize connectivity
• Parcels with connections to surface and groundwater 

quality 
Monitoring before and after

Let’s work together!!



Science-based 
focus areas

Key data:
•Physical
•Biological
•Development 
trends
•Protected lands
• Ground water

5 to 12 
clusters of 

watersheds 
with 

greatest 
potential

Feasibility Screen – Led by 
Open Space Institute in 
consultation with ANS and key 
experts

Science screen
– Led by Academy of 
Natural Sciences

Develop scale-
appropriate indicators 

linked to specific 
strategies

Ranking of 
watersheds by 
conservation / 

restoration need

Capacity

Impact/investment

Measurability

Targeting: Subwatershed Cluster & Partner 
Selection Process

2012-2013



What Are Our [Scientific] Objectives?

Globalflyfisher.com Troutnut.com

Connect to theories: nutrient reduction  stream ecosystem integrity
Inform on effectiveness of single or suite of agricultural BMPs and land 
preservation



What Are Our [Scientific] Objectives?
Build up baseline data on current ecosystem conditions
To gauge response, lag time, and changes over time

Mancini et al., 2005 Meals et al., 2010 Sweeney & Newbold, 2014
Xie et al., 2015,  Palmer 2014, 
Withers et al., 2014

INDICATORS OF ECOSYSTEM RECOVERY AT DIFFERENT STAGES



Underlying Questions
How are in-stream ecosystems 
responding to on-the-ground actions? 

Which indicators best respond to current 
stressors and conditions, as well as changes in 
water (and ecosystem) quality over time?

How can monitoring results inform the 
DRWI and similar work in the future?



Phase I: 2014-2016

Little scientific input on 
strategic project locations 
or types

Following work in progress 
by partners

Emphasis on collaboration

Phase I Focus Areas



2013-2015
ANS & partners

Investment in 
monitoring: Over 
200 sampling sites 
and counting!
$4 million+ to date



Indicators

Hering et al. (2004)
Flinders, Horwitz, Belton (2008)

Use of multiple indicators can increase 
clarity regarding stressor impacts,  but  
can also yield confusing correlation 
patterns



Three Tiered Sampling Approach

Tier Chemistry Chemistry 
Lab

Macroinver-
tebrate

Sampling, 
ID level

Fish
Sampling

Habitat
Assessment Algae

1

ANS or 
other 

designated 
lab,

YSI sonde

Low 
detection 

levels

Surber
sampler

Genus/ 
species

Quantitative, 
multiple pass 

depletion 
sampling

EPA WSA,  
Habitat Index,

Riparian 
Index

Multi-
habitat 

(SWAMP 
Protocol)

2

Hach kit or 
other kit; 

non-
designated 

lab

Higher 
detection 

levels

Kick nets

Family

Single-pass,
trout 

presence/ 
absence

Habitat Index None

3

Hach kit or 
other 

chemistry 
kit

No 
laboratory 

analysis

Kick nets

Family, order None
Habitat Index,

None
None

TRAINED VOLUNTEERS, QA/QC

ANY VOLUNTEERS, NO QA/QC



Macroinvertebrates: Spring

Fish & algae: Summer



Getting Monitoring Data Back to 
Partners: Integrated Spatial Database

Bring data from DRWI 
and other sources into 
one platform

Provide assessment 
output that stakeholders 
can understand and use

Encourage sharing to 
reduce duplication of 
effort



Open Source Software, Uses for All 
Skill Levels



Phase II: More Science
• Project Planning for the Potential 

Impact of BMPs: Stream Reach 
Assessment Tool

• Tools and datasets developed by 
collaborators

• Watershed ecologists weigh in on 
proposed projects for funding 
decisions



Related Tools and Outputs of the DRWI

• Faster river routing code to analyze data throughout network 
-ANS

• “Phase II” Stream Reach Assessment Tool-ANS & Barry 
Evans (Penn State)

• SLEUTH Land Use Change Model-Shippensburg U & USGS

• High resolution LiDAR imagery of 7 land use/land cover 
categories -UVM

• Connections/ impediments to water quality-related policies –
DVRPC

• Alternative Funding Strategies – Univ. MD ERC

• SWAT Model for the whole Delaware River Watershed - CNA



Applicationsof a Nested Set Index  For 
River Routing

1) Aggregating upstream pollutant 
loads

2) Aggregating upstream 
demographic datasets

3) Ecological connectivity (Wiener 
index) 

4) Simulation models ( Monte Carlo ) 
and machine learning techniques.



National Pollutant Discharge Elimination System (NPDES) n = 1,188

Stream Reach Assessment Tool



Draft
distribution of 
Total Nitrogen

from
MapSheds

model

Stream Reach Assessment Tool: Nutrient 
Loading Using Mapsheds Model



Results & Interpretation



Indicator Group Ordinations

100 taxa: Fish, macroinvertebrates, diatoms
Combined MDS with land use, habitat, chemistry ordination scores

Agriculture & low density 
development

Forested region, some low 
development or agriculture

High development density

Forested region



POCONO KITTATINNYUPPER LEHIGH

MIDDLE SCHUYLKILL

SCHUYLKILL HIGHLANDS

BRANDYWINE CHRISTINA

UPSTREAM SUBURBAN PHILADELPHIA

NEW JERSEY HIGHLANDS

• Scoring system:

Good
Fair

Poor





POTENTIAL CHANGE



Cluster

Now Future Now Future Future

New Jersey 
Highlands

All sites dominated by  
high nutrient and 

pollution-tolerant taxa

Reduce dominance by 
tolerant taxa, increase 
from "poor" to "fair"

Greater diversity, 
more cool water 

fishes

Brandywine-
Christina

All but 1 site "poor," 
high percentage of 
indicators of high 
nutrient and ion 
concentrations

"Fair" IBI scores, with 
fewer nutrient-tolerant 

taxa

Middle 
Schuylkill

High nutrient and ion-
tolerant taxa

Higher index values 
(fair-good) with lower 
nutrient-tolerant taxa

Upstream 
Philadelphia

All but 1 site "poor," 
high percentage 

indicators of high 
nutrient and ion 
concentrations

"Fair" IBI scores, with 
fewer nutrient-tolerant 

taxa
All metrics low

More diversity, 
stable functioning 

and biomass

Kirkwood-
Cohansey

Not analyzed; to be 
included in 2015

Not analyzed; to be 
included in 2015

Some sites low 
diversity

Not analyzed; to be 
included in 2015

Schuylkill 
Highlands

Range of percentages of 
tolerant taxa, some sites 

low quality

Low quality sites: 
higher index range, 

Good sites: maintain 
quality

Tolerant, few 
“flow-

sensitive” taxa, 
low diversity

More trout & other 
cool water fishes

Upper Lehigh 
All sites have high 

scores for nutrients and 
ions

Maintain high  scores

La
rg

e 
st

re
am

s No eels, lamprey, 
some warm water 

fishes (ponds)

Maintenance of 
communities, more 
reproducing trout

Poconos-
Kittatinny 

Range of percentages of 
tolerant taxa, some sites 

low quality

Low quality sites: 
higher index range, 

Good sites: maintain 
quality Sm

al
l s

tr
ea

m
s

Sculpin, natural 
and stocked trout

Maintenance of 
communities, more 
native Brook Trout, 

more pollution-
intolerant fish

Now
Fish

Greater diversity, 
decreased biomass, 

more cool water 
fishes, more 

reproducing trout, 
increases 

inpollution-
intolerant 

insectivores

Higher in nearly all 
metrics

Pr
ot

ec
tio

n
Algae

Tolerant, low 
mayfly, low 

diversity, low 
“flow-

sensitive”

R
es

to
ra

tio
n

Low % EPT, 
mayfly, 

relatively high 
pollution 
tolerant 

Improve in EPT, 
lower pollution 

tolerant, maintain 
overall

Higher in nearly all 
metrics

Maintain high diversity 
in good sites, increase 

diversity in others

Fewer pollution-tolerant 
taxa, higher diversity

Le
hi

gh
 &

 P
oc

on
os

 (f
or

 fi
sh

)

Macroinvertebrates

Not analyzed; to be 
included in 2015

Trout in few sites, warm 
water fishes

No eels, lamprey, warm 
water fishes

Warm water 
assemblages, site-

dependent, some cool 
water fishes (reproducing 

and stocked trout)

Low diversity
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		Restoration		Cluster		Algae				Macroinvertebrates								Fish

						Now		Future		Now		Future				Now				Future

				New Jersey Highlands		All sites dominated by  high nutrient and pollution-tolerant taxa		Reduce dominance by tolerant taxa, increase from "poor" to "fair"		Tolerant, low mayfly, low diversity, low “flow-sensitive”		Higher in nearly all metrics				No eels, lamprey, warm water fishes				Greater diversity, more cool water fishes

				Brandywine-Christina		All but 1 site "poor," high percentage of indicators of high nutrient and ion concentrations		"Fair" IBI scores, with fewer nutrient-tolerant taxa								Warm water assemblages, site-dependent, some cool water fishes (reproducing and stocked trout)				Greater diversity, decreased biomass, more cool water fishes, more reproducing trout, increases inpollution-intolerant insectivores

				Middle Schuylkill		High nutrient and ion-tolerant taxa		Higher index values (fair-good) with lower nutrient-tolerant taxa

				Upstream Philadelphia		All but 1 site "poor," high percentage indicators of high nutrient and ion concentrations		"Fair" IBI scores, with fewer nutrient-tolerant taxa		All metrics low		Higher in nearly all metrics				Low diversity				More diversity, stable functioning and biomass

				Kirkwood-Cohansey		Not analyzed; to be included in 2015		Not analyzed; to be included in 2015		Some sites low diversity		Maintain high diversity in good sites, increase diversity in others				Not analyzed; to be included in 2015				Not analyzed; to be included in 2015

		Protection		Schuylkill Highlands		Range of percentages of tolerant taxa, some sites low quality		Low quality sites: higher index range, Good sites: maintain quality		Tolerant, few “flow-sensitive” taxa, low diversity		Fewer pollution-tolerant taxa, higher diversity				Trout in few sites, warm water fishes				More trout & other cool water fishes

				Upper Lehigh 		All sites have high scores for nutrients and ions		Maintain high  scores		Low % EPT, mayfly, relatively high pollution tolerant 		Improve in EPT, lower pollution tolerant, maintain overall		Lehigh & Poconos (for fish)		Large streams		No eels, lamprey, some warm water fishes (ponds)		Maintenance of communities, more reproducing trout

				Poconos-Kittatinny 		Range of percentages of tolerant taxa, some sites low quality		Low quality sites: higher index range, Good sites: maintain quality								Small streams		Sculpin, natural and stocked trout		Maintenance of communities, more native Brook Trout, more pollution-intolerant fish
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Cluster Report Cards, 2015



“Cluster” Characterization
An Assessment of Existing IBIs by Agencies



Translating and Reporting
• Reports
• Newsletter
• Web-Mapper
• Database
• Government Relations
• Tapping Our Watershed Seminars



Challenges

• Format of output
• Uncertainty and nature’s timelines
• Legacy sources of contaminants
• Spatial distribution of willing landowners
• Data unavailable from NRCS
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Thank you!

Questions?

sak345@drexel.edu
@ANSStreamTeam
www.ansp.org/drwi

mailto:sak345@drexel.edu
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