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Objectives

Report on assessment of fish habitat condition for all
non-tidal reaches in the Chesapeake Bay watershed

Get feedback and thoughts on web interface tool to
present results

Contents lists available at

Ecological Indicators

Original Articles

Using fish community and population indicators to assess the biological
condition of streams and rivers of the Chesapeake Bay watershed, USA
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History of Assessment Project

e Recognized national efforts (NFHP) were
limited

e More relevant information is available for
the watershed

e USGS/NOAA inventoried available data
and developed concepts

e 2018 Workshop presented ideas and
gather feedback

Factors Influencing the Headwaters, Nontidal,
Tidal, and Mainstem Fish Habitat Function in the
Chesapeake Bay Watershed: Application to
Restoration and Management Decisions

STAC Workshop Report
April 25-26, 2018
Richmond, VA

STAC Publication 18-006




History of Assessment Project

Factors Influencing the Headwaters, Nontidal,
Tidal. and Mainstem Fish Habitat Function in the

Chesapeake Bay Watershed: Application to
Restoration and Management Decisions

 Eventual assessment a fine spatial scale
(1:24,000 map scale)

e Data gathering (2018-2019)
* Qutreach and Training (2018-present) STAC Workshop Repor

April 25-26, 2018
Richmond, VA

» Assessment metrics (2021) stac
 Pilot assessment (Patuxent 2022-2023) &

STAC Publication 18-006

e Research (communicate research needs)



Non-tidal Assessment: Two main approaches

Community

Metrics often rolled into
Measure multimetric indices

Represents community -

richness, diversity,

abundance and functional
Breadth aspects

Strength  Useful for overall condition

Limited insight into
Weakness individual species

Species

Key species or set of species

Single or few species

Detailed insight into key species

Limited evaluation of overall
condition
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Non-tidal Assessment: Integrated approach
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2 USGS
Data

e 56 uncorrelated landscape
predictors (upstream accumulated)

e LULC, climate, topography, geology, soils,
human impact

e From US EPA StreamCat (Hill et al. 2016)
and USGS NAWQA (Wieczorek et al. 2018)

e Next move to 1:24,000 as data become
available




Non-Tidal Fish Database

* Over 20 separate data
sources/sampling programs

e Over 30,000 sampling events

 Summary metrics used by NRSA
(EPA, 2020), NFHP (2016), and
others of interest calculated for
Community samples (Krause
and Maloney 2021)

e Spatially linked samples to
NHDPlus V2.1 where
appropriate (Krause et al. 2021)

L L L
0

25 50

100 Kilometers




Predicted Community

Predictive
Models

Communlty Data ' /

Predicted Occurrence

Presence/Absence
- \

Fish Habitat
Condition?




Methods - Species

Examined species if:

* > 100 occurrences

* USEPA identified as sensitive or were gamefish
of interest

Random forest models built for
each species

Modeling extent set by native range
and habitat size

Models for species selected if:

* Kappa and TSS >0.40 (training and test)
» Specificity and sensitivity >0.70 (training and test)
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2 USGS

Results — 4 Species met all criteria

Brook Trout Northern Hog Sucker Smallmouth Bass Torrent Sucker
(Salvelinus fontinalis) (Hypentelium nigricans) (Micropterus dolomieu) (Thoburnia rhothoeca)
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Bri;m Gratwicke (‘commons.wikimed;.org;@) . ) U.S. Fish and Wildlife Ser U.S. Fish and Willjlife Service
Kappa Sens. Spec. TSS Kappa Sens. Spec. TSS Kappa Sens. Spec. TSS
0.58 0.80 0.81 0.61 0.71 0.74 0.94 0.68 0.54 0.82 0.72 0.54

Predicted probability of occurrence (present, absent, uncertain)
to unsurveyed reaches (2001, 2006, 2011, 2016)

Kappa Sens. Spec. TSS
0.85 0.91 0.94 0.86
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Results — Species (2016 only) e Ak
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* Brook Trout (BRT) predicted to
smaller systems in the NAP and SAPNW

* Northern Hog Sucker (NHS) predicted
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* Torrent Sucker (TRS) — predicted
for smaller habitats in HUC8 in the
southwest portion
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Methods - Community

* Separate analyses by aggregated ecoregion
e Evaluated > 200 metrics
 Unable to develop MMI

 Random forest models built for metrics
with sufficient range and variability
(screening criteria used by USEPA 2020)
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Methods - Community

* Separate analyses by aggregated ecoregion
e Evaluated > 200 metrics

 Unable to develop MMI

e Random forest models built for metrics

with sufficient range and variability
(screening criteria used by USEPA 2020)

* Selected metrics for ecoregion if:

e Metric was uncorrelated
* Model had R? > 0.40 (training and test)

* Relationships with development and agriculture
were “uni-directional”

* Predicted metrics to unsurveyed reaches (based

on 2001, 2006, 2011, 2016 LULC)

% Lithophilic Taxa in NAP Headwaters

Q
S
c .
w Q
©
c
)
Q
QD s
(@]
8
-
G o
Q.

15

10 20
Development Agriculture

Predictor



a2 USGS
Results - Community

Num. Pattern with Pattern with
Metric description Trainn ind. vars. R2 (OOB) Testn R2Test Development Agriculture Num.
Number of intolerant lotic 585 47 0.48 147 0.52 to > Jto-> Trai ind. R2  TestR2 Pattern with Pattern with

taxa Region Metric description nn vars. (OOB)n Test Development Agriculture
Number of distinct 585 47 0.48 147 052 to- v to > NAP  Number of Cyprinidae taxa 252 44 0.43 63 0.56 1 0
intolerant taxa

Number of native 585 47 0.49 147 0.531™to > ™ % lithophilic taxa 252 44 0.46 63 0.53 N
Cyprinidae taxa

% native taxa as intolerant 585 a7 0.41 147 0.42J to > % large river taxa 252 44 0.73 63 0.741 ™

lotic

% Intolerant native taxa 585 47 0.41 147 0.42 to > Number of native benthic 252 44 0.51 63 0.58 1 ™

invertivore taxa
% native taxa as intolerant 585 47 0.45 147 0.43J to >
rheophilic % native individuals as 252 44 0.55 63 0471 P

Number of distinct 585 47 062 147 0611 Centrarchidae
Tolerant taxa % native individuals as 252 44 0.72 63 0.56 J to> to P at

coldwater extremes

% native individuals as 252 44 047 63 0434 N
% large river taxa : 0.54rapid I to > to { at rapid 1 then slow intolerant rheophilic

extremes N

Number of native . 0.53 1 a»
rheophilic taxa
Number of distinct ’ 0.49rapid | to ™
Tolerant native taxa

Number of native 252 44 0.44 63 0.571 ™
invertivores taxa
Number of native lotictaxa 252 44 0.50 63 0.57 1 ™

Number of native non- 252 44 048 63 0.641 P
tolerant benthic taxa

Number of lithophilic taxa . % native individuals as 252 44 0.45 63 0.56¢ J toslight 1M to
rheophilic

L AR e % native taxa as rheophilic 252 44 0.57 63 0.601 ¢

Number of native benthic

invertivore taxa

Number of native ; rapid ¢, then P
Cyprinidae taxa
Number of distinct
Tolerant taxa

% native taxa as salmonid 252 44 0.65 63 0.81 to - to light T J to>to P at
extremes

Number of distinct Tolerant 252 44 0.48 63 0.531 ™

2 taxa




Methods - Community

* Unable to develop MMI NAP Headwaters

* Developed different method: More disturbed Less disturbed

e Metric relationship with
development and agriculture
* Binned each metric into deciles
(within habitat size class)
» <10t decile = lowest metric values
« >90t decile = highest metric values
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Methods - Community

* Unable to develop MMI

* Developed different method:

e Metric relationship with
development and agriculture
* Binned each metric into deciles
(within habitat size class)
» <10t decile = lowest metric values
« >90t decile = highest metric values

10th Zoth 3oth 40th 50th 60th 70th 80th 90th

More dlsturbed % '—'thoph"'c Taxa Less dlsturbed
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Methods - Community

* Unable to develop MMI Decile
Region Metric description Decile osition
* Developed different method: T
_ . ) _ NAP Number of Cyprinidae taxa 20 —-30 3
* Metric relationship with development and i
agriculture % lithophilic taxa 40 -50
. . . . . . . th th
* Binned each metric into deciles (within % large river taxa 20 —30

habitat size class) Number of native benthic invertivore taxa 20" — 30"

. th ile = ' . . h h
<10™ decile = lowest metric values % native individuals as Centrarchidae 60t —70t

« >90'™ decile = highest metric values S T T
% native individuals as coldwater 70 —-80

_ a . : . th _ th

e Calculate mean of decile scores across % native individuals as intolerant rheophilic 40 h 50 h
. . . . . t t
suitable metrics Number of native invertivores taxa 50 -60

e h h

e Used as condition indicator Number of native lotic taxa 50" — 60

. . h h

Number of native non-tolerant benthic taxa 40t - 50t

% native individuals as rheophilic 50th — 60th

% native taxa as rheophilic 40th — 50th

: : h h
% native taxa as salmonid 40t — 50t

co UL U1 OO0 U1 OO O U1 00 N W W UL

Number of distinct Tolerant taxa 70th - 80th



Mean of metric
deciles for each
aggregated
ecoregion

Lower deciles =
poorer relative
condition

Higher deciles =
better relative
condition

80°W 79°W

Decile

78°W 77°W 76°W 75°W

B <10th

20-30th

40-50th

60-70th B 80-90th

B 10-20th

30-40th

50-60th

70-80th W >90th



Mean standard
error of metric

Mean of metric
deciles for each

aggregated deciles for each
ecoregion aggregated
Lower deciles = ecoregion
poorer relative Lower deciles =
condition lower SE

Higher deciles = ' iles =
better relative Eilgfr\]eerr gEeuIes

condition

80°W 79°W 78°W 77°W 76°W 75°W 80°W 79°W 78°W 77°W 76°W 75°W
B <10th 20-30th 40-50th 60-70th B 80-90th

Decile § {020th = 30-40th  50-60th M 70-80th M >90th



43°N- A) 2001

Results — Community (4 years)

Have predicted values and uncertainty (SEs)
for 4 periods where NLCD were available P

80°W 79°W T78°W T77°W 76°W 75°W

Latitude

43°N- C) 2011

Allows a change between periods analysis

B <10th 20-30th 40-50th 60-70th W 80-90th

Declle § 1o20th © 30-40th ~ 50-60th M 70-80th M >90th

80°W T79°W T78°W T77°W 76°W 75°W
Decile | 5190, ¥ 2330  dosan | eoTon B so.o0m
10-20th 30-40th 50-60th W 70-80th >90th

43°N| B) 2006

80°W T79PW T78°W T7°W 76°W T75°W

D) 2016

80°W 79°W 78°W T77°W 76°W 75°W
Longitude




Results - Community

When displayed spatially
results can be used to identify
locations with changes

Those with a large positive
change may be areas that have
responded to management
actions (future research need)
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Those with large negative
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better management or
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Predicted Community

Predictive
Models

| Community Data /

Observed Biological Data

| Predicted Occurrence Fish Habitat
Condition?
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Results — Community vs. Species

* Do community and species predictions
align?

* Expect mean metric decile and sensitive NEESSIE
species to align

Community Species

Metrics often rolled Key species or set of
into multimetric indices species

Represents community
- richness, diversity,
abundance and
functional aspects

Single or few species

Useful for overall Detailed insight into
condition key species

Limited insight into Limited evaluation of
individual species overall condition



* Do community and species predictions
align?
* Expect mean metric decile and sensitive
species to align

* Brook Trout predicted presences were
in reaches with a higher mean deciles
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* All other three species showed opposite
pattern with predicted presences being
higher in reaches with lower mean
deciles

Occupancy



2 USGS

Comparison to NFHP
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Community vs NFHP
Mean decile and NFHP ratings generally agree but high variability
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Species vs NFHP

Brook Trout (BRT) agrees with NFHP, other sensitive species do not, all show high variability
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a2 USGS
Summary

 Examined individual species habitat suitability

 Developed approach to identify habitat condition for 4
regions based on community metrics and mean deciles

* Community and species levels agreed for one sensitive
species (Brook Trout); other two species may be less sensitive
than USEPA suggests

* Using both approaches simultaneously may offer more
insight into reach conditions

e Results from both approaches generally agree with the NFHP, but
lots of variability was found



2 USGS
Future Work

 Migrate to a 1:24,000 map scale framework

* Investigate finer resolution land use (e.g., 1 m) and
summarization methods (e.g., distance-weighting)

* Incorporate future climate and land use scenarios



2 USGS
Future Work

 Migrate to a 1:24,000 map scale framework

* Investigate finer resolution land use (e.g., 1 m) and
summarization methods (e.g., distance-weighting)

* Incorporate future climate and land use scenarios
 Develop a data visualization web-based application

Request feedback on development of this
application to increase usefulness/relevance



2 USGS
Data Visualization

e Static Storymap — only narrative with embedded figures and
tables

* |nteractive Dashboard — users can query and select data that
figures and tables display


https://storymaps.arcgis.com/stories/8884effb2d804ac899bcc900a5505d29
https://www.usgs.gov/apps/ecosheds/

ZUSGS
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