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The state of bioassessment







Today

e Reference condition concepts & issues.

— Does O = E? Effects of different sources of
index variability on errors of inference.

— Natural environmental heterogeneity,
random error, and systematic error.
e O/E,,,,: an index of taxonomic
completeness.

e Niche modeling to predict E

taxa*

e Examples of the application of O/E

taxa*



The Reference Condition

All bioassessments
compare O with E:
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The Reference Condition

O and E are the observed
and expected values of
biological attributes or

properties or INDICES of

Interest:

biodiversity, ecosystem
function, etc.



The Reference Condition

E = reference or benchmark
values defined by society
but often interpreted to

mean ‘natural’ or near
natural or “least disturbed”’.



The Reference Condition

E varies naturally with
environmental setting,...

thus creating one of the
major technical challenges in
bioassessment.



Important Issues

e Reference sites: used to infer (predict) the
appropriate reference conditions.

e Reference is not static — it represents “the
range of natural variation”, but...

— We seldom parse variation associated with
measurement error, natural temporal variation, and
systematic variation.

e The spatial and temporal scales of inference
are often not fully defined or understood.

- e.g., is reference a site-specific or a regional
property?



The reference
conditionas a
probability
statement

““90% of the
game is half
mental.”
(Yogi Berra)




Probability of
observing a value

o

Reference: the likelihoods of
observing different attribute

values under ‘natural’ conditions

Variability: result of
naturally occurring
dynamics at each site
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Sources of Variability
in Index Values

Natural variation (NV)

Empirically derived
threshold for inferring

. : NV + random
Impairment

measurement error (RE)

NV + RE +

/ systematic variation
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Probability of
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Sources of Variability
in Index Values

Natural variation (NV)

Empirically derived
threshold for inferring

, ) NV + random
Impairment

measurement error (RE)

NV + RE +
systematic variation
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O/E

an index of
taxonomic
completeness

taxa




O/E 12xa) Measures how closely the observed
taxa matches the expected taxa.

It is an index of biodiversity — a critical
component of biological integrity.

E =8 taxa



Why | like this index

e As aratio, it allows standardized
assessments within and across
heterogeneous regions.

e Continuous modeling of E
allows site-specific assessments.

e Calibration does not require
stressed sites.



A Hypothetical Example of Using O/E
Compare “Apples and Oranges”

taxa




Standardized Indicator

0.0 | | | | | |

Response of
indicators to
known alteration
in 13 assemblages.

Alteration
measured as Bray-
Curtis distance (log
abundance) from
reference.

A = Traditional MMI

= CART Modeled MMI

O=0fE

0.00.10.20.30.40.50.60.7

Bray-Curtis Distance



The Technical Challenge:

Accurately and precisely predicting the biota
expected in different waterbodies.




1.

The O/E

Develop predictive models that relate
variation in taxa occurrences to natural
environmental heterogeneity.

Approach

taxa

Quantify model error.

Compare the biota observed at a site to that
predicted (expected) to occur under natural
site conditions.

Develop biological criteria and standards that
incorporate measures of error and are
consistent with the designated uses of
different waterbodies.



How O/E iIs Calculated
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Describing Model Error




Assessing Biotic Condition

Criterion defining high Reference
biological integrity Sites

Decreasing biological integrity
<€

Number of Observations

O/E



Some Examples



Distribution of 17 reference site groups
defined by invertebrate species
composition.




Predictor Variables

e |atitude
e [ongitude
¢ e|levation

e distance
from source

e drainage
area

e stream width

e Stream
depth

e gradient
e day of year



Distribution of samples that passed (green) and
failed (red) assessment based on the O/E threshold
of 0.84 (5th percentile of reference values).




Ecoregion 7% of Test Sites

+ Reference®*

Mean
O/E**

Coastal Plain 72
Piedmont 56
Mountains 36

0.54
0.66

0.7/

* gth % of reference site values

** Species model (p>0.5)



The recently revised
Colorado O/E Index






Compositional Similarity Among Sites
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Variability in taxa among sites
varies with environmental setting
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Discrimination of taxa groups by
predictor variables
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Some Preliminary Results
for the Truckee River



O/E
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Truckee River O/E values based on the
Western EMAP Mountain + Xeric model
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O/E,,,, may assess sites
differently than MMIs







Monitoring frequencies of detection (FD) measures
changes in a taxon’s region-wide status.

Baseline Conditions




Example with stream
invertebrate data
from North Carolina
and the Mid-Atlantic

Highlands
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% of Decreaser (%D) and Increaser (%) Taxa
Z-Test (Fo # Fe)

North Carolina MAH
Taxon N %D % N %D %
Dragonflies 47 13 23 15 7 27
Clams/Snails 30 27 17 21 17 19
True Flies 201 28 13 177 21 23
Beetles 55 20 15 32 16 25
Worms 32 11 18 45 2 24
Stoneflies 71 54 0 35 46 3
Caddis Flies 157 65 4 51 35 12
Mayflies 131 50 4 33 55 9
Total Taxa 910 36 11 432 23 21




The tip of an iceberg?

How bad are
systematic errors?
or
How well are we really
accounting for natural
variation:



Xeric West Reference Sites

R?=0.13
OE
Mean=0.81
SD=0.23
N=97
|
I |
ELEV<I458.OO
Mean=0.80 Mean=0.97
SD=0.23 SD=0.14
N=87 N=10

Mean=0.60
SD=0.29
N=8

|
TMAX_PT<233.00

Mean=0.82
SD=0.21
N=79




Xeric West Reference Sites

R2 = 0.40
MMI

Mean=67.5
SD=16.0
N=92
I 1
TMAX_PT<139.0
Mean=64.0 Mean=72.7
SD=17.2 SD=12.4
N=55 N=37
| | | |
ELEV<859.0 ELEV<I2170.O
Mean=66.4 Mean=78.0
SD=13.7 SD=8.3
N=17 N=20
1
XWIDTH<3.3
Mean=64.8
SD=16.9

N=11

TMAX_PT<232.0

Mean=50.5 Mean=76.8
SD=13.4 SD=7.1
N=5 N=6




Montana Examples

O/E (modeled E) MMI (3 classes of E)

TMAX_SITE<89.00

Mean=0.93
SD=0.09
N=20

Mean=1.03
SD=0.15
N=75

Mean=0.74
SD=0.28
N=6

FRZF_AVE<114.49

Mean=0.97
SD=0.16
N=45

LOGSQKM<2.19

Mean=0.94
SD=0.16
N=37

Mean=0.79
SD=0.24
N=9

Mean=0.99
SD=0.09
N=28

Mean=1.10
SD=0.11
N=8

TMAX_SITE<111.00

OE_PHALF S_MMI
R - O 01 5 Mgggoolgg I O o 43 S?Sgo.ls
N=101 N=99
|
. | BDH_M:IN<1.48
X_HYDRO_STAB<0.00 Mean=0.94 Mean=1.06
Mean=0.78 Mean=1.01 SReat s
SD=0.36 SD=0.15
N=6 N=95

FST32F_MAX<262.00

Mean=1.04
SD=0.11
N=43

Mean=1.31
SD=0.23
N=5




Measuring the condition of
aguatic ecosystems:

"You've got to be
very careful if you
don't know where
you're going, because
you might not get
there."




