S

FlowFish Richness Relationships

Pee Dee RBC, March 28, 2023




ted uses

designa

1N

Monitoring helps susta

b VR

*&.\
LR LYT, S

SR




Too much water to monitor!

A >28,000 segments in SC
A >15,000 river miles
AAnd thatés just wadeable streams



Too much water to monitor!
%peop/e (o




Bio-assessment: using aguatic
organisms to learn about river health

ASSESSMENT OF BIOTIC INTEGRITY USING FISH
COMMUNITIES

James R. Karr

ABSTRACT

Man's acthites have had profound, and wsually negatve, mfluences on frestwater fishes from the smallent sreamrs 1o the
largest rivers. Some negatve effects are due to contaminanis, while others are asseclaied with changes In watershed hydmlogy,
habitat modifications, and alteration of energy sources upon which the aquatic biota depends. Regretsably, past ellorts to evaluate
effects of man’s activities on fishes have attempéed to use waber quality as a surrogate for mone compeehensive bioic assessmer.
A mape refined bios: assessmeent program s required for elfective protection of ieshwater fsh resources. An assessment systemn
propased here uses a series of fsh commurity attribuies related to spedes composision and ecalogical structure to evaluste the
quality of an squatic biata. [n prabiminany risls this systemn accurately refected e siatas of fsh communities and the environmert

supporting them.

assage of the Water Quality

Act Amendments of 1972
(PL 92500} stmulated many
efforls 1o mondtor the quality of
water resource systerrs. Undor-
runately, these efforls concen-
trated on development of
thresholds and criteria levels for
specific contaminants, often
besed on scute soaicity bests
The use of these criteria has L)
been aftacked on numerous I\
grounds [Thurston et al. 1979,
tor example, they hawe not
taken into sccount naturally occurmng geographic vanaton of
contaminants [eg , ashestos, ron, zinc), considered the syner-
gistic effects of numerous consaminants, nor considered suble-
thal effects {e.g., reproduction, growth] of most contamanants.
In addiion, monitonng of water quality paramaters (nutients,
D03, temperature, pesticides, heavy metals, and other toxics)
often misses shor- ferm events that may be critical o assessment
of biotie impacts. Finally, #t is impossible to measure all factors
that may impact beotic integrity. In fact, much litersture on chem-
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Icad contaminanis ts of questonable value for seting water qual-
ity standards for aquatic orgarisens (Gose 1980). Chermical mon-
Itoring misses many of the man-indeced perlurbations that
impair use. For example, flow alterations, habitst degradation,
heated effiuents, and uses for poswer generation are nof detected
in chesrical sammpling In shor, edteria that emphasize physical
and chemical attributes of water are ursuccesshul a5 sumcgates
fior measuring blote integeiny (Kar and Dudley 1951).

Recent begislation (Clean Water Act of 1977, FL 95-217)
deary calls for a more refined approach when pollution is
defined as “the manmade or man-induced alteration of the
chemical, physical, biologeal, and radiclogical Integrity of
water."” Despite this refnement, requlatory agencles have been
sl to réplace the classical approach {unlform standards focus-
ing on coniaminant levels) with 2 more sophisticated and envi-
ronmméntally sound approach

The integrity of waler resousces can best be assessed by
evalusting the degree to which waters provide for beneficial
uses. Important uses as defined by society may include water
supply, recreational, and sther uses as wall as the preservation
af fuluse options for the wse of the resource. Since an abiliyy to
sustain a balanced biotic community i one of the best Indicators
of the potential for beneficial use, sophisticated monitoring pro-
grams should sesk to assess “hiotic integrity."

This paper describes a procadure for monitordng water
resources using fish, My contention Is that by carefully mondtor-
ing fishes, one can rapidly assess the health | “biotic integrity”')
ot a local water resource. In shor, carefully planned monitoring
and assessment can rapidly and relatvely inespensively senve
as an explorony assessment of water resource quality. Where
impaired use 5 suggested by biological monitodng, a more
nearly complete mondtoning program can be implemented in
search of the causative agent(s).

WHY MONITOR FISH?

Biolegical communities reflect watershed condltions since they
are sengitive bo changes in a wide array of envisonmental tactors.
Mavyy greups of erganisms have been proposed as indicators of
envitonmenial quality, but no sngle group has emerged as the
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Characterizing aguatic diversity

Diverse biota = healthy ecosystem
Species richness: number of species
Shannonos [Bccounts fer percgntages

Negative relationship with flow alteration



Bio-assessment: using aquatic
organisms to learn about river health

1. ldentify which environmental attribute you want to
evaluate

2. Hypothesize relationships between organisms
and environmental attributes

3. ldentify key relationships between organisms and
environment

4. Use those results to inform management



Rivers face many threats

Impoundment Urbanization Nonpoint pollution

]

Flow alteration Stormwater runoff




Bio-assessment: using aquatic
organisms to learn about river health

2. Hypothesize relationships between organisms
and environmental attributes
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Bio-assessment: using aquatic
organisms to learn about river health

3. ldentify key relationships between organisms and
environment



ldentify relationships:
some are informative
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ldentify relationships:
some are not informative
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ldentify relationships: remove
uninformative relationships
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Bio-assessment: using aquatic
organisms to learn about river health

4. Use those results to inform management
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A Quantify relationships between key flow metrics and biotic 20 02 04 06 08 10

response to better inform water flow standards throughout Flow
the state of South Carolina

A Project changes in aquatic communities

A Provide a tool




Frame Work

A The ecological limits of hydrologic alteration (ELOHA). Poff et al., 2010

Build a hydrologic foundation of streamflow and biological data

2. Classify natural river types

3. Determine flow-ecology relationships associated within each river type

4. Recommend water flow standards to achieve river condition goals




Legend

e  Fish sites
Ao Macroinvertebrate sites
HUCG6
HUCS8

" BlueRidge

Southern Coastal Plain

- Southeastern Plain

Middle Atlantic Coastal Plain

Piedmont

Biological
Data:

A492 Fish sites (streams &
rivers)

A DNR

A 8 biological response metrics

A530 aquatic insects sites
A DHEC

A 6 biological response metrics




Fish and Aquatic insects Metrics

ARichness: number of species

AS h a n n divedsgy index: weights richness by abundance

AProportional representation of tolerant individuals *

AMegaloptera-Odonata index

A Index of flow preference

A Low values consistent flow
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SC streamflow gauges

Tuesdaw!bu%i, 2021 11:30FT

" Blue Ridge

E Southern Coastal Plain

- Southeastern Plain
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I:I Piedmont
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1. Build a hydrologic foundation of
streamflow data

AWaterFALL model: 171 hydrologic metrics

A rainfall-runoff model 30 year period

Table 2. Model Geospatial Inputs

A Flow regime: Timing, magnitude, frequency,

Data Set Name Resolution Reference

Hydrology Enhanced National Hydrography 2.1 km? within Moore and Dewald, rate Of C h an g e y an d d U ratl O n
Dataset Version 2 study area 2016

Land Cover 2016 National Land Cover Dataset  30-m grid Jinetal, 2019

Climate PRISM 4km Daily Temperature 4-km grid PRISM Climate

and Precipitation 1988-2018 Group, 2019

Soils Soil Survey Geographic Database 1:12,000 to USDA-NRCS, 2014
(SSURGO) 1:63,360
Subsurface National Weather Service (NWS)  Approximatel  Zhang et al., 2011
Parameters for applications of the Sacramento  y 4.7-km grid
Soil Moisture Accounting Model
(SAC-SMA)

INTERNATIONAL




Code Flow regime Description

MA1 Magnitude Mean daily flow ( cfs)

MA3 Magnitude Mean of the coefficient of variation for each year
MA41 Magnitude Annual runoff

MA42 Magnitude Variability of MA41

ML17 Magnitude Base flow index

ML18 Magnitude Variability in ML17

ML22 Magnitude Specific mean annual minimum flow

MH14 Magnitude Median of annual maximum flows (dimensionless)
MH20 Magnitude Specific mean annual maximum flow ( cfs/mile)
FL1 Frequency Low flow pulse count

FL2 Frequency Variability in FL1

FH1 Frequency High flood pulse count

FH2 Frequency Variability in FH2

DL16 Duration Low flow pulse duration (Days)

DL17 Duration Variability in DL16

DL18 Duration Number of zero -flow days

DH15 Duration High flow pulse duration (Days)

DH16 Duration Variability in DH15

TAL Timing Constancy

TL1 Timing Julian date of annual minimum

TL2 Timing Variability in TL1

TH1 Timing Julian date of annual maximum starting at day 100
TH2 Timing Variability in TH1

RAS8 Rate Number of reversals

M = Magnitude
D = Duration

F = Frequency
T = Timing

R = Rate

L = Low flow
H= High flow
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Predictability of flow metrics calculated using a distributed
hydrologic model across ecoregions and stream classes:
Implications for developing flow-ecology relationships
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Framework

A The ecological limits of hydrologic alteration (ELOHA). Poff et al., 2010

1. Build a hydrologic foundation of streamflow and biological data

Classify natural river types

3. Determine flow-ecology relationships associated within each river type

4. Recommend water flow standards to achieve river condition goals




2. Classify natural river types

A. Flow-ecology relationships may differ among stream classes

B. Relationship holds for these un -sampled streams
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Existing classification framework

SCIENTIFIC DATA:

Data Descriptor: A stream
classification system for the
conterminous United States

Ryan A. McManamay & Christopher R. DeRolph

Stream classifications are important for understanding stream ecosystemn diversity while also serving as
tools for aquatic conservation and management. With current rates of land and riverscape modification
within the United States (US), a comprehensive inventory and evaluation of naturally occurring stream
habitats is needed, as this provides a physical template upon which stream biodiversity is organized and
maintained. To adequately represent the heterogeneity of stream ecosystems, such a classification needs to
be spatially extensive where multiple stream habitat components are represented at the highest resolution
possible. Herein, we present a multi-layered empirically-driven stream classification system for the
conterminous US, constructed from over 2.6 million stream reaches within the NHDPlus V2 stream
network. The classification is based on emergent natural variation in six habitat layers meaningful at the
stream-reach resolution: size, gradient, hydrology, temperature, network bifurcation, and valley
confinement. To support flexibility of use, we provide multiple alternative approaches to developing classes
and report uncertainty in classes assigned to stream reaches. The stream classification and underlying data

provide valuable resources for stream conservation and research.

2 to 3 classes per
ecoregion, e.g.:

Piedmont:;
-Perennial runoff
-Stable baseflow




Framework

A The ecological limits of hydrologic alteration (ELOHA). Poff et al., 2010

1. Build a hydrologic foundation of streamflow and biological data
2. Classify natural river types

. Determine flow-ecology relationships associated within each river type

4. Recommend water flow standards to achieve river condition goals




ldentify relationships: remove
uninformative relationships
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Major findings

All components of the flow regime are
Important

ATiming, magnitude, frequency, rate of
change, and duration

ANot just minimum flows!
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