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USGS Chesapeake Science Themes

Align CBP needs and
USGS capabilities

1. Stream health, fish
habitat and aquatic
conditions

2. Coastal habitats and
waterbirds

3. Land change and
watershed health

4. Integrate science
and inform
decisions

CONCEPTUAL DIAGRAM OF CHESAPEAKE BAY ECOSYSTEM

POPULATIONS

CONDITIONS

INTERVENTIONS

DRIVERS OF
ECOSYSTEM
CHANGE

FISHERIES WILDLIFE PEOPLE
* Crabs *  Waterbirds * Stewardship
* Oysters (Black Ducks) *  Access
* Finfish * Literacy
* Freshwater * Diversity
(Brook Trout)

|

WATER QUALITY HABITATS LANDS

*  Oxygen/Clarity * Wetlands * Healthy

* Nutrients = SAV Watersheds
* Sediment * Streams * Protection
+ Contaminants * Forests * Land Use

MANAGEMENT STRATEGIES/PRACTICES

|

CLIMATE CHANGE AND VARIABILITY

POPULATION GROWTH: CONSUMPTION AND LAND CHANGE

a USGS

science for a changing world



Theme 1: Stream Health, Fish Habitat, and Aquatic
Conditions
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Theme 1A: Focal Studies, Explain factors and changes in stream health, fish habitats,
and aquatic conditions.

« Streams
» Summarize what is known about the stressors and drivers affecting stream health in
the Watershed

» Determine effects of BMPs on instream conditions at a variety of settings, scales and
temporal resolutions.

« Cold headwaters
» Understanding effects of non-native removal on brook trout and synthesis of findings
for the 2025 Brook Trout Outcome
» Improve prediction of stream temperature in Karst streams
* Rivers

» ldentification of factors driving fish populations
» BMPs effects on fish health and water quality
» Ecosystem services and economic support

« Watersheds & Estuaries

» Explaining Water-quality trends and response to BMP
» Understanding tidal-system response to changing watershed conditions %
g tidak-syster fesp aing =ZUSGS
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Theme 1B: Regional Assessments, Quantitative Stream Condition, Fish
Habitat and Fish Health Assessments.

« Assess relationships, identify stressors affecting stream health and freshwater
fish habitats at 1:100K

» Regional stream health (Chessie BIBI) and fish habitat assessments with
BMPs; evaluate and incorporate additional predictors and biological metrics.

» Forecasting future climate and land-use scenarios.

» Incorporate metrics into Healthy Watersheds Assessment (HWA).

« Refine Assessment Methodology

» Evaluate technical approaches and refine assessment methodology in test
areas

» Develop and evaluate high-resolution data for benthic and fish habitat
assessments

» Joint Planning with NOAA

« Collaborate with partners and stakeholders to better understand science
needs related to aquatic invasive species (AlS) and pre-listing/species of
listing concern in the Chesapeake Bay and surrounding watershed. 2ZUSGS

science for a changing world



Theme 1C: Status and Trends, Data compilation, integrated monitoring networks and
monitoring and computation of status and trends for relevant topics.

Domains:

Aquatic communities

Flow

Water temperature

Water quality — nutrients and suspended sediment
Toxic contaminants

Conductivity and associated ions
Hydromorphology

NOoOORAWDNME

Analyses:

1. An evaluation and test of USGS national study of hydrologic alteration

2. Predictive models for Cond. and geomorphic variables at the 1:100,000
scale.

3. Identify variables suited to a S&T analysis and of interest/need to

stakeholders.

Develop S&T methodology for each variable.

Initiate preliminary S&T analyses for variables appropriate to do so.

Data sharing and visualization activities. =~ USGS

o 01 A



Theme 1C: Status and Trends, Data compilation, integrated monitoring
networks and monitoring and computation of status and trends for relevant topics.

Variables:
1. Aguatic communities

C2. Flow D
3. Water temperature

4. Water quality — nutrients and suspended sediment
5. Toxic contaminants

6. Conductivity and associated ions

7. Hydromorphology

Analyses:
<I—_An evaluation and test of USGS national study of hydrologic alteratl

2. Predictive modelsTor cond. and geomorpnic variables at the 1:100,000
scale.

3. Identify variables suited to a S&T analysis and of interest/need to
stakeholders.

4. Develop S&T methodology for each variable.

5. Initiate preliminary S&T analyses for variables appropriate to do so.

6.

Data sharing and visualization activities. 2~ USGS



Linking altered flow regimes to stream
biological condition in the Chesapeake Bay
watershed

16 October 2020

Chesapeake Bay Program Stream Health Working Group

Kelly O. Maloney, Daren M. Carlisle, Claire Buchanan (ICPRB), Jennifer L. Rapp,
Samuel H. Austin, Matthew J. Cashman, John A. Young




Overall Objectives

1) Develop a model to predict flow status
(altered or non-altered) for all reaches in the

Chesapeake Bay watershed.

2) Link these predictions to a biological
endpoint to evaluate iIf degraded biological
stream conditions are more likely in a flow-

altered reach.

aUSGS



USGS National Effort (Eng et al. 2019)

« Quantitative and categorical estimates of
hydrologic alteration for twelve HMs for 3,355
USGS gages aCross ContlgUOUS US Table 1. The 12 hydrologic metrics assessed in this study.

« Observed (O,,,) metric values were calculated
from daily flow data (1980-2014) from each

gage.
Description
. Low flows
- Predicted expected natural value of each HM pemde DA
(E,,) using natural landscape variables and Froquency v o put

climatic conditions at 848 USGS gaging stations [

Timing/seasonality Seasonal distribution of flows < P10*

In hydrologically least disturbed watersheds. High flows

* For each of the 3,355 gages, the ratio O,/ E;,, [N |
was used to categorize hydrologic alteration as |
“indeterminant” (O, / E,,, within range of site- | e
specific model error), “inflated” (O,,,, / E;,, >1 Daily rises
and outside of model error), or “diminished”
(Oym ! Efy <1 and outside of model error).

ZUSGS

total mumber of days™

Eng et al. 2019



%USGSApplying USGS National Effort in the

Chesapeake Bay Watershed
Methods

 We used a subset of 1,235 gages that were located in four aggregated
Level Il ecoregions within the Chesapeake Bay watershed.

* We built random forest models for each HM that predict the hydrologic
alteration category using drainage area and previously summarized
upstream catchment accumulated values (NHDPIus v2.1, 1:100,000
scale) for 15 landscape variables that describe anthropogenic stress
related to urban development, agriculture, water usage and
augmentation.

 We then used these models to predict hydrologic alteration category
for all Chesapeake Bay watershed stream reaches in the NHDPIlus

v2.1 data set.



Applying USGS National Effort in the
Chesapeake Bay Watershed

Methods

For every reach, each HMs was classified as altered (1) if the model
predicted a diminished or inflated flow class, else non-altered (0).

Flow alteration intensity (FAI) was the sum of these 12 classification
and ranged from O (no altered HMs) to 12 (all altered HMSs).

12
FAI = ZHM_ClaSS
1

ZUSGS



“USGSApplying USGS National Effort in the

Chesapeake Bay Watershed

Results - Flow alteration intensity
All but one model were moderately accurate (Kappa > 0.40)

Preliminary Information-Subject to Revision. Not for Citation or Distribution



guSGS,A\p,:)lying USGS National Effort in the

Chesapeake Bay Watershed
Results - Flow alteration intensity
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%USGSAppIying USGS National Effort in the

Chesapeake Bay Watershed

Land Use Setting

B | 0] I O g y - M et h O d S —Agriculture and —Urban

—Agriculture

« We paired the FAI score to a measure of —Ufban
stream health as defined by benthic Entire
macroinvertebrates (Chessie-BIBI).

« We examined if stream reaches with
predicted altered flows are more likely to
have degraded biological condition in four
data sets:

1. Entire,
2. Subset w/o urban sites,

3. Subset w/o agriculture sites,

4. Subset w/o both urban and agr. sites.



%USGSApplying USGS National Effort in the

Chesapeake Bay Watershed
Analyses

with odds ratios (Fisher’s Exact Test for Count
Data) stream condition (Poor or Fair/Good) and FAI score (altered or
not-altered) separately for each of the 12 levels for each data set.

using the entire data set with the 12 Level FAI
score, 15 predictor variables used in HM models, bioregion where the
Chessie BIBI site resided, and 11 geospatial indicators of natural
factors that characterized topography, climate, soil and lithology.

» Coefficients expressed in terms of odds ratios.

Odds ratios for categorical predictors indicate how much more likely a degraded condition
is in each category relative to a baseline category, and for continuous predictors they infer
the number of times more likely a degraded condition is given a unit increase each
predictor variable



%USGSApplying USGS National Effort in the

Chesapeake Bay Watershed
Analyses

with odds ratios (Fisher’s Exact Test for Count
Data) stream condition (Poor or Fair/Good) and FAI score (altered or
net-altered) separately for each of the 12 levels for each data set.

using the entire data set with the 12 Level FAI
score, 15 predictor variables used in HM models, bioregion where the
Chessie BIBI site resided, and 11 geospatial indicators of natural
factors that characterized topography, climate, soil and lithology.

» Coefficients expressed in terms of odds ratios.

Odds ratios for categorical predictors indicate how much more likely a degraded condition
is in each category relative to a baseline category, and for continuous predictors they infer
the number of times more likely a degraded condition is given a unit increase each
predictor variable



HM
Cutoff Flow

Not
1Altered
Altered

Not
2Altered

Altered

Not
12Altered
Altered

Stream
Condition

Not
Degr Degr

2252 924
528 818

2390 1067
390 675

2680 1483
100 259

Applying USGS National Effort in the

Chesapeake Bay Watershed
Results — FAI, BIBI Contingency Tables

Entire

Fisher's Exact Test
Odds Ratio
p-value  (95% Cl)
<2.2e-16 3.8
(3.3-4.3)

<2.2e-16 3.9
(3.3-4.5)

<22e-16 47
(3.7-6.0)

—Agriculture

Stream
Condition Fisher's Exact Test

Not Odds Ratio
Degr Degr p-value (95% Cl)

862 239 <2.2e-16 8.0

83 185 (5.9-10.9)

<2.2e-16 9.5
(6.9-13.2)

<2.2e-16 9.7
(6.3-15.0)

—Urban

Stream
Condition Fisher's Exact Test

Not Odds Ratio
Degr Degr p-value (95% Cl)

0042 1.7
(1.0-2.8)

1532 549
45 27

1.4
(0.02-26.3)

—Agriculture and Urban

Stream
Condition
Not Odds Ratio
Degr Degr p-value (95% Cl)

Fisher's Exact Test

0.002 3.0
(1.5-6.2)

738 196
21 17

2604 4.8
(2.0-11.8)

0524 1.8
(0.03-34.4)

aUSGS
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Results — FAI, BIBI Contingency Tables
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%USGSApplying USGS National Effort in the

Chesapeake Bay Watershed
Analyses

with odds ratios (Fisher’s Exact Test for Count
Data) stream condition (Poor or Fair/Good) and FAI score (altered or
not-altered) separately for each of the 12 levels for each data set.

using the entire data set with the 1z ievel FAI
sceie, 15 predictor variables used in HM models, bioregion whera.the
Chessie BIBI site resided, and 11 geospatial indicators of natural
factors that characterized topography, climate, soil and lithology.

» Coefficients expressed in terms of odds ratios.

Odds ratios for categorical predictors indicate how much more likely a degraded conditie
is in each category relative to a baseline category, and for continuous predictors they infer
the wumber of times more likely a degraded condition is given a unit increasa~cach
predictor variasie



%USGSApplying USGS National Effort in the

Chesapeake Bay Watershed
Results — LogiStiC regreSSion The best logistic regression model

consisted of 15 predictors, a Nagelkerke R? of 0.35, and non-significant Hosmer and
Lemshow GOF (p = 0.60) indicating a good fit of the model.

95% Confidence
Interval Odds Ratio

Variable Estimate Std. Error Lower Upperzvalue Estimate LowerCl Upper Cl p-value
Intercept 2.0710 0.3725 1.3403 2.8024

Flow alteration intensity 0.0420 0.0177 0.0073 0.0766 . 1.043 1.007 1.080
Bioregion: Central Appalachians -0.1365 0.3389 -0.7973 0.5334 . 0.872 0.451 1.705
Bioregion: Lower-Northern Piedmont -0.5069 0.3171 -1.1262 0.1189 . 0.602 0.324 1.126
Bioregion: Middle Atlantic Coastal Plain -2.8117 0.4031 -3.6038 -2.0222 . 0.060 0.027 0.132
Bioregion: Northern Appalachian Plateau and Uplands -2.0018 0.2902 -2.5679 -1.4278 . 0.135 0.077 0.240
Bioregion: North Central Appalachians -0.8195 0.2780 -1.3601 -0.2674 . 0.441 0.257 0.765
Bioregion: Northern Ridge and Valley -1.4928 0.2834 -2.0452 -0.9317 . 0.225 0.129 0.394
Bioregion: Piedmont -0.4500 0.3227 -1.0805 0.1866 . 0.638 0.339 1.205
Bioregion: Southeastern Plains -2.6732 0.3392 -3.3383 -2.0065 . 0.069 0.035 0.134
Bioregion: Southern Great Valley -0.6595 0.3557 -1.3542 0.0424 . 0.517 0.258 1.043
Bioregion: Southern Ridge and Valley -1.2489 0.2775 -1.7880 -0.6976 . 0.287 0.167 0.498
Bioregion: Upper-Northern Piedmont -1.4209 0.3215 -2.0496 -0.7872 g 0.241 0.129 0.455
Drainage area (km2) -0.0017 0.0011 -0.0038 0.0004 . 0.998 0.996 1.000
Average elevation (m) -0.0014 0.0004 -0.0022 -0.0007 . 0.999 0.998 0.999
Estimated mean depth to water table (m) 0.0189 0.0038 0.0116 0.0264 d 1.019 1.012 1.027
Percent Calcium Oxide in lithology 0.0586 0.0083 0.0424 0.0749 . 1.060 1.043 1.078
Total freshwater withdrawal (megaliters y-1 km-2) -0.0013 0.0005 -0.0023 -0.0002 . 0.999 0.998 1.000
Density of NPDES "major" point locations (No. per 100km-2) 0.0621 0.0404 -0.0002 0.1739 . 1.064 1.000 1.190
NHD "canal" or "ditch" or "pipeline" segments (%) -0.0209 0.0142 -0.0528 0.0042 . 0.979 0.949 1.004
Percent open water 0.1190 0.0542 0.0264 0.2317 . 1.126 1.027 1.261
Percent barren land 0.1345 0.0412 0.0559 0.2185 . 1.144 1.057 1.244
Percent grassland/herbaceous 0.0339 0.0193 -0.0036 0.0720 . 1.034 0.996 1.075
Percent development 0.0165 0.0046 0.0076 0.0258 . 1.017 1.008 1.026
Percent wetlands 0.0169 0.0072 0.0028 0.0313 . 1.017 1.003 1.032
Percent forest -0.0168 0.0027 -0.0221 -0.0115 . 0.983 0.978 0.989

Preliminary Information-Subject to Revision. Not for Citation or Distribution




Applying USGS National Effort in the

Chesapeake Bay Watershed
Results — LogiStiC regr933i0n The best logistic regression model

consisted of 15 predictors, a Nagelkerke R? of 0.35, and non-significant Hosmer and
Lemshow GOF (p = 0.60) indicating a good fit of the model.

95% Confidence

Interval Odds Ratio
Variable Estimate Std. Error Lower Upperzvalue Estimate LowerCl UpperCl p-value

Intercept 2.0710 0.3725 1.3403 2.8024 5.559
Flow alteration intensity 0.0420 0.0177 0.0073 0.0766 2.379 1.043 1.007 1.080

The flow alteration intensity score had a significant coefficient of
0.0420 and an odds ratio of 1.043 which indicates, controlling for
all other predictors, the odds of a degraded macroinvertebrate

condition increased 4.3% for every increase in the flow alteration
intensity score.

aUSGS
a Preliminary Information-Subject to Revision. Not for Citation or Distribution



%USGSAppIying USGS National Effort in the

Chesapeake Bay Watershed

Stream Condition

© Non-degraded
® Degraded

Flow Alteration Intensity Score
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%USGSApplying USGS National Effort in the

Chesapeake Bay Watershed

Gages

« Ofthe 247 gages used in Eng et ® Goges
al. 2019, 50 were in small streams O Paired Gages B8
and confidently matched with a
BIBI point.

« Spatially clustering was apparent
(27 within Maryland).

« Limited sample size resulted in
weak contingency tables and lack
of samples in each bioregion
precluded use of logistic
regression.

Preliminary Information-Subject to Revision. Not for Citation or Distribution



Conclusions

« We built separate random forest models to predict flow status (inclined,
diminished, or indeterminant) for 12 published hydrologic metrics
(HMs) that characterize main components of flow regimes (duration,
frequency, magnitude, timing, and rate of change).

 We used these models to predict each HM status for each stream
reach in the watershed, and linked predictions to macroinvertebrate
condition samples collected from small streams (<200 km? drainage).

* Flow alteration was calculated as the number of HMs with inclined or
diminished status and ranged from O (no HM with inclined or
diminished) to 12 (all 12 HMs with inclined or diminished).

aUSGS
a Preliminary Information-Subject to Revision. Not for Citation or Distribution



Conclusions

 When focused solely on the stream condition and flow alteration
relationship, degraded macroinvertebrate condition was more likely in a
flow-altered site for four datasets but depended on number of HMs
used (entire: 3.8-4.9, agriculture-removed: 8.0-11.5, urban-removed:
1.7-4.2, and both agriculture and urban removed: 3.0-5.9).

« Logistic regression analysis using the entire dataset showed for every
unit increase in flow alteration intensity the odds of a degraded
condition increased 4.3%.

« Our results support the importance of flow alteration in small streams
and could aid managers challenged with conserving and restoring the
multitude of streams without observed flow data.

« Few paired gage and biological samples.

aUSGS
a Preliminary Information-Subject to Revision. Not for Citation or Distribution
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Fairfax County Department of Public Works and Environmental
Services

Howard County Department of Public Works
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Susquehanna River Basin Commission

United States Environmental Protection Agency

USDA Forest Service

United States Geological Survey

Virginia Department of Environmental Quality

Virginia Commonwealth University

West Virginia Department of Environmental Protection



