Using aquatic organisms to learn
about river health




Rivers face many threats

Impoundment Urbanization Nonpoint pollution

Flow alteration Stormwater runoff



Monitoring helps sustain designated uses




Rivers are a hierarchy of habitats
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Too much water to monitor!

= USGS

USGS flow gauge sites



Too much water to monitor!

Santee

SCDNR: >400 fish sites



Too much water to monitor!

« >28,000 segments in SC
« >15,000 river miles
« And that's just wadeable streams (~84% of surface water in SC)



o0 much water to monitor!

or people to



A freshwater biodiversity global hotspot

Fish Diversity

Species
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Richness of the 863 species with range maps



SC Freshwater Diversity

Santee

* 146 fish species
« 1,092 invertebrate groups (many more species)



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

ASSESSMENT OF BIOTIC INTEGRITY USING FISH
COMMUNITIES

James R. Karr

ABSTRACT

Mar's acthites have had profound, and wsually negasve, mfluences on freshwater fishes from the smallest straarrs 1o the
largest rivers. Some negatve effects are due fo contaminants, while others are assoclated with changes In watershed hyddogy,
lhahitst modifications, and alberation of energy sousces upon which the aquatic biots depends. Regrettably, past ellorts to eualuate
effocts of man’s activines on fishes have attempeed to use water quality 3 3 suragate for mone compeehensive bloSic assessmend.
A mare refined biosc assessment program is pequired for effective protecSion of eshwater fish pesources. An assersmernt system
propoged heme uses a series of Bsh commurity attribules related to Spedes compesiSion and ecalogical siructure to evaluate the
quality of an aguatic bkata. [n preliminary irials this system accurately refeched the siabas of fish commurites and the envirormaern

supporting tham.

assage of the Water Quality

Act Amendments of 1972
{PL 92.500) stmulated many
efforts 1o manitor the quality of
waler resource systerms. Undor.
munately, these efforts concen-
trated on development of
threshaolds and criteria levels dor
specific contaminants, often
besed on acute toxicty tesss
The use of these criteria has §
been aftacked on numerous ‘
grounds [Thurston ef al. 1979,
for example, they hawe naot
taken into sccount naturally cccurting geographic vanation of
contaminants [eg , ashestos, ron, zinc), considered the syner-
gistie effects of numerois contaminants, nor considered suble-
thal effects (e.g., reproduction, growth] of mos! contamnants.
In addifon, monitering of water quality parameters (nutlents,
DO, temperature, pesticides, heawy metals, and other toxics)
often mases short lerm evends that may be critical to assessment
of bioke impacts. Finally, # is impossible to measure all factars
that may impact biotic integrity. In fact, much literaiure on chem
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lcad comtaminants ts of questonable valus for seting waler qual-
iny standards for aquatic organisens (Gose 1980). Chermcal mon-
Itoring misses many of the man-indeced perlurbations that
impair use. For example, flow alterations, habitat degradation,
heated effiuents, and uses hor poswer genération are not detected
in chesrical sampling. In shart, eriteria that emphasize physical
and chemical atributes of water are unsuccessful as sumogates
for measuring blote integrity (Karr and Dudley 1981}

Recent legslation (Clean Water Act of 1977, FL 95-217)
clearky cells for a more refined approach when polluion (s
defined as “the manmade or man-induced alteration of the
chemical, physical. biclogcal, and radiclogical integrity of
water.” Detpite this refinemant, regulatory agencles have been
show to replace the classical approach (uniform standards focus-
ing on contarminant levels) with a more sophisticated and envi-
renmentally sound approach

The integrity of waler rescurces can best be assessed by
evaluabing the degree to which waters provide for beneficial
uses. Important uses as defined by society may include water
supply, recreational, and cther uses as well as the preservation
of fulbure optians for the use of the resource. Since an ability o
sustain a balanced biotc community i one of the best Indicators
of the polential for beneficial use, sophisticated monitoring pro-
grams should seak to assess “biotic integrity.”

This paper describes a procedure for monoAng water
resources using fish, My contention Is that by carefully monitor-
ing fishes, one can rapidly assess the health (“biotic inegrity”')
of a local water resource. In shor, carefully planned monitaring
and assessment can rapidly and relatively inespersively sere
as an explomion assessment of water resource qualty. Where
impaired use &5 suggested by biological monitoring, a more
nearly complete monitoning program can be irmplernented in
search of the causative agent(s).

WHY MONITOR FISH?

Biclegical communities reflect watershed conditions since they
are séngtive to changes in a wide array of envitonmental tactors.
Maivyy growups of arganisms have been proposed as indicators of
environmental quality, but no smgle group has emenged as the
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Bio-assessment: using aquatic
organisms to learn about river health

1. Identify 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



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

1. ldentify which environmental attribute you want to
evaluate



Rivers face many threats

Impoundment Urbanization Nonpoint pollution

Flow alteration Stormwater runoff



FISH INDEX OF BIOTIC INTEGRITY SCORE
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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



Characterizing aquatic diversity

* Diverse biota = healthy ecosystem
* Species richness: number of species
* Diversity index: Accounts for percentages

/7,

Negative relationship with flow alteration



Species traits: body shape

Flow specialists, need good flow

High tail aspect ratio
Rosyside Dace

Long & slender (torpedo shaped)
Notchlip Redhorse

Negatively affected by flow alteration
% will decrease with flow alteration

Flow generalists, live anywhere

Low tail aspect ratio
Brown Bullhead

Short & stubby
Pirate Perch

* Not affected by flow alteration
* % will increase with flow alteration



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

3. Identify key relationships between organisms and
environment



Identify relationships:
plot biota against flow

Fish metric

Flow metric



Identify relationships:
some are informative
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Identify relationships:
some are not informative

100 O ®

% nest 50
spawners PS

Mean annual flow (CFS)

45



Identify 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



Questions? Up next:

Dr. Luke Bower (USGS/Clemson): Developing
flow-ecology relationships for all SC streams

2 USGS CLEMOS@ N

sclence for a changing world FISHERIES

Eric Kreuger (TNC): Using flow-ecology
relationships to develop water use guidances

TheNature @

Conservancy
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