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Prologue

The difficulty associated with establishing
reference conditions Is a major limitation
to the development of bieassessments.

\@VISerY Board)



Outline

¢ Describe limits and the distributions
to which they can be applied.

¢ Provide examples firom ecelogy and
IMpact assessments.

¢ Demonstrate a method for their
estimation and applicatien.

A little background on limits ...



Law of the Minimum

¢ Justus von Liebig (1803-1873) in
1840

— Organic chemist that “formalized™
agricultural chemistry and
demonstrated that even if all
necessary nutrients are present —
that whichi Is minimum relative: te
need limits growith

& “Sprengel-Liebig Law: of the

- MiRimuim

— Carl Sprengel pulslished an article i
1828 onl sell chemistry and mineral

nUtHtIeN 6l planits = alse the law! o
the minimune




|_.aw of Tolerance

¢ F.E. Blackman, a plant physiologist, noted that
too much as well as too little could alse limit
growth

“When a process Is conditioned as to Its rapidity by a
number of separate factors, the rate of the PFOCESS IS
limited by the pace of the slowest factor.” from
Blackman (1905) Ann. Bot. 19, 28/

o V. E. Shelferd (191.8) prepesed a more general
concept - “he Law el eleranece
— SUrvIvership
— Grewith and reproduction
— Geegiapnicalranc ecologicalidistrpuition



Polygonal Distributions

ORSERVation anad approacn



Polygonal Relationsnips



Is Simple Linear Regression
Ecologically Realistic?

Regression
Growth rate = -0.6411+0.7181*x

R? = 0.40, p<< 0.001
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Is Simple Linear Regression
Ecologically Realistic?

Regression Working with vs. ignoring limiting factors

Growth rate = -0.6411+0.7181*x

R? = 0.40, p<< 0.001
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Is Simple Linear Regression
Ecologically Realistic?

Regression W orking with vs. ignoring limiting factors

Growth rate = -0.6411+0.7181*x

R? = 0.40, p<< 0.001
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Examples From Impact
ASSESSment

TNESENEIatonsnips are orten
d'In Impact assessments ...
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Santa Clara Valley

Working within the constraints of an urban environment

B

EPTrichness =19.1-0.11 (inter-site road density)
p <<0.001,r*=0.24
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Large-scale Urban Study

Cleveland Study Area
. Baltimore, Cleveland, and San Jose Study Area Sites

D Watershed Boundaries

San José Study Area

Figure 1. A map of the United States showing the location of the three study regions
and sampling sites: Mid-Atlantic (Baltimore, Maryland), Midwest (Cleveland, Ohio), and
Pacific Coast (San Jose, California).

Alison Purcell O'Dowd and others, In review.



Linear regression

Biclogical Index
Biclogical Index

Uan Gradient Uan Gradient

Figure 2. Example of scatterplots showing a biological index (Y-Axis) plotted against an urban gradient
(X-Axis). The plot on the left shows an example of a linear regression line (r2= 0.19), while the plot on
the right shows an example of a 95% quantile regression line to better characterize the upper boundary
of the wedge-shaped plot.

Alison Purcell O'Dowd and others, In review.




Large-scale Agriculture
Upper mid-west

Julie Berkman and others, In review.



Upper Mid-west Ag Study.

EPT density = 224.2 + 44.0 (% row crops)
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Julie Berkman and others, In review.



Small-scale “Single Stressor” Stud

EPT m?2=571.1- 14.1 (grams fine sediment)

EPT density (individuals ni?)

10 15 20 25 30 35 40 45 50
Fine sediment per sample (grams)

Figure 1. Santa Clara Valley Area showing site
locations.  are sites on non-regulated streams,
are sites on regulated streams.
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SF Bay contaminants
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Cindy Brown and others, In prep



Methods for Estimating
The Cellings

And

Some Possible
Applications



Two Proposed Methods

¢ Partitioned

regression

— Simple regression
defines twe groups
Pased on the sign of:
the: residual

— [terate the abkeve te
pPreduce more
greups and identiihy
arcening

Thomson et al. 1996

¢ Quantile regression

— Group on the
Independent
variable (e.g.,
classing by — egual
n, effect-level, etc.)

— REegress on a choesen
pPercentile te
estaplisihra cenling .
o)

—\Weighted regression

Koenker 2000 and earlier;
Scharf et al. 1998; Cade 1999



Our Polygonal Distribution

Inter-site road density v. EPT richness
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Regress

Inter-site road density v. EPT richness

r?=0.24;r=-0.49, p << 0.001
O
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Partitioned by Residuals

Inter-site road density v. EPT richness

2=0.24;r=-0.49,p << 0.001 & residual>0
® e residual < 0
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Regress and Partition Again

Inter-site road density v. EPT richness

Residuals > 0

?=0.24;r=-0.49,p << 0.001 @ residual>0| | b aT e seno
e residual < 0 1
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ldentifying the Celiling
= maximum current biological potential
Per unit urbanization

Identifying the ceiling

e first residual <0
e second residual <0
A second residual >0
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Quantile Regression

via Scharf — but see Koenker / Cade / others

Inter-site road density v. EPT richness

75th Percentile
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Quantile Regression

Cade, B. S., and B. R. Noon. 2003. A gentle
iIntroduction to quantile regression for ecologists.
Front Ecol Environ 1(8): 412-420.

http://www.fort.usgs.gov/Products/Software/blossom/

Cade, B.S., and J.D. Richards. 2005. User manual for Blossom
statistical software. Fort Collins, CO: U.S. Geological Survey, Fort
Collins Science Center. Open-File Report 2005-1353. 124 p.



Extending the Technique

*” "Unimpaired”
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In Summary

¢ There Is an upper limit to stream quality in
practically any anthropoegenically influenced area.

— This limit Is set by existing and historic land cover and
land use.

/IPS elr

vulllo c
restoration, 1t's likely tnat sorme anthropogenic
influences will not bz e totally elirminated
— e.g., Urban Irmpervious surface, agricultural lanc use
. Therefore, It's prudent o account for these
Influences, which are often in the forrn of
graclients, In tne process of estaplisning realistic
(1.e., attainable) reference conditions
— Which we defined as the rmaxirnurn biological potential of
a SlIle




In Summary

* Even |f mltlgatlon occurs V|a BIVIPS and

nfluences will not be rorrlJJ/ eliminated:
— .0, Uroan Impervious suriace, agricultural lana us
, Therefore, it's prucdent to account for these

mfluences which are often in the forr of
radients, In the process of estaplishing realistic

l.e., attamable) reference conditions

— Wh|ch we defined as the rmeaximurn biological potential of
a site.

2 USGS




In Summary

influences will not be totally elirninzated

— e.g¢., Urban irmnpervious surface, agricultural lainicl use
TRErelore; It's prudent to account for t
INUENCES; vv'mc plelfereyireip)ins
Jrsldwms, OCESS 0]
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The world 1s composed of
gradients not boxes —
we've probably ignored them,for
{oo long.

IR QUESTIONS GIf SCIENCES, the
authenty el a theusanadis not
WoerrtHe iumkleeasening eita
Singlenndiviaizl:

Galileo
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