NYZANYZANYZANYIANYIANYIZANY AN

ZAN\YZANYZANYZANYZANVZANYZA\Y/
NZANYZANYZANYZANYZAN\YAN\ T4
ZAN\YZANYZANYZANYZANVZANYZA\Y/
NYZANYZANYZANYZANYZANYANT4)

FJANVIANVIANVIANVIANVIANVIANY S
USING BIOLOGICAL INTEGRITY TO o 2 ey Danord, nd
STRUCTURE WATER QUALITY CRITERIA:
CALIFORNIA AND BEYOND




TAKE HOME MESSAGES

Criteria for many constituents do not lend themselves to lab approaches
Field based approaches are continuing to surge in use
California is applying such approaches to nutrients

This is good news for field biology...



EVOLUTION OF ASSESSMENT

Original “indices” were single metric, tolerance based — saprobien, HBI

Second generation indices were multimetric/assemblage based — MMI, O/E, %
Model Affinity

But there is a lot of information stored in taxonomic presence/absence and
abundance



RISE OF CAUSAL ASSESSMENT

Causal assessment (Stressor Identification, CADDIS) spurred disentanglement
Why is my site impaired? What is the cause?

Can the taxa tell me?

Optimum
2 : 0w \ Caenis
o = y 2 4 S - §
126 ' =
134
162 68 - :
conp . ABAN 780,74, o = g - B g 8
=] a ]
N FOREST 0 o =
g Y <
5 o <
g o ﬂ‘__) ; =] - ; ()]
>
= =
3 % o~ 8 %
2 . - © O
g (& -1 o
o
o
AGRI * o Tl =

-0.1 0.0 0.1 0.2

0.005 0.01 0.02
Total Phosphorus (mg/L)



AT THE SAME TIME - FIELD BASE

EPA/G00/R-10/023F | March 2011 | www.epa.govincea
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A Field-Based Aquatic Life
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FIELD BASED CRITERIA — STRESSOR-RESPONSE
GUIDANCE
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EXAMPLE APPLICATIONS
NUTRIENT CRITERIA DEVELOPMENT - MS

Extensive work in MS on nutrient criteria development is relying on field data

Using a variety of models
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NUTRIENT CRITERIA DEVELOPMENT - MS

Extensive work in MS on nutrient criteria development is relying on field data
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NUTRIENT CRITERIA DEVELOPMENT - MS

Extensive work in MS on nutrient criteria development is relying on field data

WBISO Score

Southeast Bioregion — Split point regression and impairment probability
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NUTRIENT THRESHOLD DEVELOPMENT - OR

OR exploring the development of nutrient screening tools — with periphyton

Linear regression . .
Linear regression
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Proportion DO > & mg/L
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NUTRIENT THRESHOLD DEVELOPMENT — TN AND

WI LAKES

Developing endpoints for lakes to set watershed downstream protection values

A. Proportion of hypolimnion with DO > § mg/L
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‘ RESPONSE TARGET MUST LINK TO VALUED CONDITION

A clear linkage to a desired endpoint is important
“Ecological change” is not necessarily sufficient — should be adverse change

Can be regulatory (e.g., DO criteria) or ecological (reference based)

Probability that >50% of DO samples are <4 mg/L: water column Probability that >50% of DO samples are <4 mg/L: hypolimnion
Depth 11 - 43 ft, Relative thermal resistance < 353 Depth 11 - 43 ft, Relative thermal resistance < 353

Linear regression
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MS Lake Analysis — linking Chl a endpoint to DO standard OR Periphyton — MMI target based on reference



CALIFORNIA — STREAM NUTRIENT CRITERIA

- United States ! EFAS00/R-14/043 | September 2014
w Environmental Protection www.epa.goviond
Agency ;
—— -

Fetscher et al. 2014

LINKING NUTRIENTS TO ALTERATIONS
IN AQUATICLIFE IN CALIFORNIA

WADEABLE STREAMS

Taxonomic Richness
30

Is this a BU goal? =—>

(=]

T T T T
200 300 400 500

Chlorophyll a

Again “ecological change” not necessarily sufficient.
How do these change points relate to designated/beneficial use goals?
CA has not yet defined these goals.

- Office of Ressorch and Development
1 Effects Ressareh Laboratory,




COMMON BIOLOGICAL GOAL SETTING

Statistical property of a least disturbed “reference” Expert elicitation based on the
population Biological Condition Gradient (BCG)

BIOASSESSMENT CWA Sec. 305(b) CWA Sec. 303(d)

(narrative) (quantitative basis) [Aquatic Life Use] (action)
(narrative)

Full Support De-List or Do Not
PP List (Non Impaired)

Native or natural condition
2 Minimal loss of species; some
density changes may occur

100

Natural
Very Good
Some replacement of
Some sensitive species

sensitive-rare species; 3
maintained; altered

functions fully

=
2
b1
=
Good g maintained distributions; functions
g } Confidence @) largely maintained
B e R — o f Limits =
. N List (Partially 3]
z
o Tolerant species show
= increasing dominance; 5
Poor ‘ ‘ ‘ : : ‘ /M sensitive species are rare;
________ Non Support List (mpaired) Degraded functions altered  Geyere alteration of
Very Poor = : %
structure and function 6
0
Reference Value i i 0
ference vl Low Increasing Effect of.Dlsturbance High
[Stressor gradient]

We chose this one
Historical application
Linkage to narrative and CWA goals



LINKING RESPONSES TO VALUED CONDITION

* |dentified response measures
(invertebrates and algae)

e Calculated reference site
percentiles (5, 15t 25

* Built simple linear regression
models

» Solve for the X condition....

EPT (# Taxa)

Chlorophyll-a (mg/m2), Log10 transformed vs. EPT (# Taxa)

= 64T x+ 19.2
= 0.277

alue = 4 1e-53
= 728

R
<

25th

15th

5th

0.96 1.27 2.03
T T

-1 0 1 2 3

Chlorophyll-a (mg/m2), Log10 transformed

Data: Statewide SWAMP macroinvertebrate dataset metric and Fetscher et al. (2014) stream algae dataset metrics




CA INVERTEBRATE MODELS

Fetscher et al. (2014) Threshold Ranges

Nutrient value statistics (linear model) l
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Only significant regressions, in the expected direction, with interpolated values



CA ALGAL MODELS

Nutrient value statistics (linear model) Fetscher et al. (2014) Threshold Ranges
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Only significant regressions, in the expected direction, with interpolated values



NEXT STEP IN CALIFORNIA
BIOLOGICAL CONDITION GRADIENT MODELING

Native or natural condition

1

Minimal loss of species; some

2

Next phase of CA stream nutrient criteria work — Natural density changes may occur
= Some replacement of
.g sensitive-rare species; 3 Some sensitive species
= functions fully maintained; altered
. . . £ intained distributions; functions
Expert elicitation S rpelpmetriial
=
. . . . . 2
- Experts s_Io'_[ sites into locations along gradient using B Tolerant species show
taxonomic info only = increasing dominance; 5
sensitive Specices are rare;
- Both invertebrate and algal data Degraded RIS mmemkaarimot
structure and function 6

Increasing Effect of Disturbance . ¢
[Stressor gradient] -

Low

Tetra Tech Center for Ecological Science, SCWRRP, EPA Region 9, CA State Water Board 18



BIOLOGICAL CONDITION GRADIENT MODELING

Once the sites are slotted:

= Map biotic response/nutrient thresholds to BCG scores
= Translate assessment endpoints into BCG context

= Further strengthen thresholds

* Provides knock on benefits 100
25fh /
o refer

8 - site scores

* Threshold
from
Piecewise
Regression

0
2 3 4




BIOLOGICAL CONDITION GRADIENT MODELING

BCG

EPT (# Taxa)

200 300

Chlorophyll

Invertebrate Richness

Chlorophyll-a (mg/m2), Log10 transformed vs. EPT (# Taxa)

BCG
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USING BIOLOGICAL INTEGRITY TO DERIVE CRITERIA
ELEMENTS OF AN APPROACH

Standard high quality biological sampling

Paired stressor and response models
Needn't be statistically complex, but we might want to move there (SEM)

Classification integration — explicitly or implicitly
To reduce variability

Response anchored to regulatory/management goal
Existing criteria, reference base, Biological Condition Gradient



TAKE HOME MESSAGES

Criteria for many constituents do not lend themselves to lab approaches
Field based approaches are continuing to surge in use
California is applying such approaches to nutrients

This is good news for field biology...



