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5.2.2 Summary Description

The evaluation of the macroinvertebrate data by station and by reach found similar
results; the macroinvertebrate community is dominated by a few opportunistic
Diptera (Chironomidae) and non-insect taxa (Oligochaetes). Nearly half of the taxa
collected in the CAWS are from the order Diptera, and almost all are in the family
Chironomidae. By abundance, oligochaetes (Phylum Annelida) dominate the benthic
community, comprising over 74 percent of all macroinvertebrates collected from the
CAWS during the 2001-2007 period. Two species of non-native bivalve, the zebra
mussel, Dreissena polymorpha, and the closely related Quagga mussel, Dreissena
rostriformis bugensis comprise 15 percent of the samples as well.

An analysis of the differences between sampling methods, i.e. grab samples (ponar)
and artificial substrate samples (Hester-Dendy), show that richness measures (total
richness, EPT richness, and diptera richness) are higher in the Hester-Dendy samples.
In contrast, EPT taxa were nearly absent from the ponar collections with EPT
richness values of zero for most ponar samples showing that the two sampling
methods collected different organisms and in different quantities. The lack of EPT
taxa in ponar samples suggests that lack of suitable substrate is a physical habitat
limitation for benthic invertebrates. The presence of intolerant benthic EPT taxa in
Hester-Dendy samples and the absence of EPT taxa in Ponar samples suggest
sediment toxicity to mayfly, stonefly, and caddisfly larvae.

An analysis of macroinvertebrate metrics appropriate for evaluation within the
CAWS was conducted. This analysis included a correlation analysis of
macroinvertebrate metrics with sediment contamination. Five metrics were identified
based on their sensitivity to contaminated sediments. These are taxa richness, percent
Diptera, percent Oligochaetes, percent shredders and function feeding group
diversity. The CAWS contains legacy contaminants that likely influence the metrics.
The Hester-Dendy technique is sampling a population that is less exposed to
environmental stress than the ponar sampling technique, which samples invertebrate
communities in direct contact with sediments. The community differences were
identified by a comparative analysis of the two sampling methods, which varied by
metric and monitoring station. For example, ponar sampling resulted in lower species
richness dominated by pollution tolerant individuals (oligocheates).

Additionally, an analysis of the macroinvertebrate dataset of the percent of head
capsule deformities of larvae of the Chironomidae family (midges) was conducted
within the Study Area for the 2001-2007 period. Deformities in midge larvae head
capsules have been frequently observed in contaminated sediments. Deformity is
generally considered to be a sublethal, teratogenic response to contamination. In an
analysis of variance test, we concluded that there is no significant difference between
mean rates of head capsule deformities for those collected on Hester-Dendy samplers
and those collected in ponar dredge samples (F=2.89, p=0.0911). The strengths of
correlation were significant (p<0.05) in the Hester-Dendy samples for ammonia-N
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(r=-0.399), iron (r=0.361), and DDx (DDT + DDE + DDD) (r=-0.396). Spearman
correlation coefficients were significant for the ponar samples for mercury (r=0.659),
cadmium (r=0.339), copper (r=0.439), simultaneously extracted metals (SEM)
(r=0.455), SEM-acid volatile sulfides (r=0.454), total PCB (r=0.316) and semi-
volatile organic compounds (r=0.323). No contaminants displayed strong correlations
for both collection methods. This may reflect differences in exposure routes or
pathways for macroinvertebrates in ponar samples and Hester-Dendy samples.
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6. HABITAT DATA ANALYSIS

As discussed in Section 2.5, the process used to analyze habitat data in the CAWS
and to develop a CAWS-specific habitat index was based on the process used to
develop a non-wadeable habitat index (NWHI) for Michigan (Wilhelm et al., 2005).
The process involves three major elements:

1. Sequential reduction of the list of habitat variables using qualitative screening,
correlation analysis, and principle components analysis;

2. Identification of the key habitat variables that best explain fish data using
multiple linear regression; and.

3. Incorporation of the key habitat variables into an index that can be applied to
measure variation and change in the system.

This section describes the processing and analysis of habitat data for these purposes.

6.1 IDENTIFICATION AND SCREENING OF HABITAT VARIABLES

Based on review of the Wilhelm paper (Wilhelm et al., 2005); other relevant technical
literature (Arlinghaus et al., 2002; Wolter and Arlinghaus, 2003; Short et al., 200S;
Tate et al., 2005), data collected by the District as part of the ambient water quality
monitoring program, and firsthand observations of conditions in the CAWS, a list of
242 habitat variables was compiled as a starting point. The starting list of 241 habitat
variables is presented in Appendix E and is organized into five categories:
geomorphology and hydrology; sediment and substrate; in-stream and riparian cover;
bank and riparian condition; and anthropogenic factors.

Because the ultimate objective was to use multiple linear regression to analyze the
CAWS habitat data with CAWS fish data, it was necessary to reduce the number of
habitat variables substantially. Using the District data from 2001 through 2007, there
were 81 paired sets of habitat and fish data. Multivariate statistical analyses require
that the ratio of variables to data be as low as possible. It has been suggested that, for
analysis of ecological data, the variable-to-data ratio be 0.1, but may be as high as 0.5
(Smogor and Angermeier, 1999). This rule of thumb suggests that the number of
habitat variables in this Study should be reduced to somewhere between 8 and 40,
preferably closer to the low end of this range to yield aratio close to 0.1. The
stepwise process used to reduce the list of habitat variables to a suitable number for
multiple linear regression is described in Figure 6-1 and described in detail in
Appendix D.

LIimnoTech Page 103



Electronic Filing - Received, Clerk's Office, January 6,. 2010
******PC#284*****

Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

Initial Set of Habitat Variables (241)

i

Remove inapplicable variables
(241 reduced to 66)

l

Eliminate highly correlated
variables in each category
(66 reduced to 44)

l

Combine similar variables
{44 reduced to 39)

l

Use principal components
analysis to identify variables
with highest variance
(38 reduced to 23)

l

Eliminate highly correlated
variables across categories
(23 reduced to 16)

Final 16 Variables for Regression
with Fish Data

Figure 6-1: Process Used to Reduce the Set of Habitat Variables for Analysis
with Fish Data.
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This process outlined in Figure 6-1 was effective in reducing the set of habitat
variables to 16, which represented a variable-to-data ratio of about 0.2.

Table 6-1: Final Set of Habitat Variables for Regression with Fish Data.

Variable Category Habitat Variable

Geomorphology & Hydrology | Flashiness Index
Wetted perimeter of channel

Maximum depth in reach

Number of off-channel bays

Bank “pocket® areas

Sediment & Substrate % Gravel, cobbles, boulders, shallow
% Gravel, cobbles, boulders, deep
% Ptant debrls on bed

% Organic sludge

In-Stream Cover Average macrophyte cover
In-stream cover present

Secchi depth

Bank & Riparian Condition Dominant riparian land use

% Vertical walled banks in reach
% Riprap banks in reach

Anthropogenic Impacts Manmade structures

These 16 variables were carried forward for comparison to fish data, described below.

6.2 ANALYSIS OF THE RELATIONSHIP BETWEEN FISH AND PHYSICAL
HABITAT IN THE CAWS

The process described in Section 6.1 and Appendix D effectively reduced 241
potential habitat variables to a much smaller set of 16, that represented the habitat
variables with the least inter-variable correlation and which explained most of the
variance in the habitat data set. The next task in this analysis was to analyze the
relationship of these variables to fish in the CAWS. There were several objectives for
this, including the following:

e Determine which physical habitat variables are the most significant to fish in
the CAWS.

¢ Determine how much of the variability in the CAWS fish data can be
explained by physical habitat.

e Compare the relative importance of physical habitat to fish in the CAWS, with
that of water quality.
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Statistical analysis of the fish and habitat data from the CAWS was used to attain
these objectives. Specifically, multiple linear regression was used to compare habitat
variables to paired fish data to determine which of the 16 habitat variables best
explain variability in fish data in the CAWS. The methodology and results of this
analysis are described below.

6.2.1 Methodology

Various methods can be used for comparing fish data and habitat data from a single
system to address the objectives listed above. Review of the professional literature
related to assessment of aquatic habitat shows a range of dependent variables and
mathematical methods have been used and published in the peer-reviewed literature.
No commonly accepted standards have been developed for this type of analysis, so
selection of the methodology must rely to a large extent on professional judgment. In
this study, the methods selected were based on the needs of the study, review of
methods used by other investigators in similar studies, and on understanding of the
unique aspects of the CAWS. More details on the methodology used are presented
below.

6.2.1.a Representation of Fish Data in the Analysis of Habitat Data

As discussed in Section 2.5, fish were selected as the indicator biota for comparison
to physical habitat data in this Study. Twelve key fish metrics were identified
(Appendix A) using CAWS fish data collected by the District between 2001 and 2007
(Table 6-2). For purposes of comparing these fish metrics to habitat data, it was
necessary to combine the metrics into a single value. A fish index of biological
integrity (IBI) was not available that incorporated the selected metrics, although the
process used to select the fish metrics was exactly the same process used in many fish
IBI studies.

Statistical comparison of habitat variables with each of the twelve fish metrics would
have been cumbersome and might not have yielded conclusive results regarding
which habitat variables were most important to understanding fish data in the CAWS.
So, as a starting point, the fish metrics were divided into the five ecological function
categories and compared to habitat variables using multiple linear regression. Bach of
the fish metrics was first transformed to a normal distribution, if necessary, and
standardized to give each metric equal weight. Then the metrics within each
functional category were simply summed. Metrics that reflected positive conditions
were assigned a positive value and metrics that reflected a negative condition were
assigned a negative value.
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Table 6-2: Selected CAWS Fish Metrics.

Fish Metric

Ecological Function Category

% Diseased or with eroded fins, lesions, or tumors

Abundance and condition metric (ACM)

catch per unit effort

% lithophilic spawners by count

Abundance and condition metric (ACM)

Rep tion metric (RFM)

% insectivores by count

Trophic func 3n metric (TFM)

% top camivores by weight

Trophic function metric (TFM)

proportion of linois tolerant soecies

Indicator species metric (ISM)

IL ratic of non tolerant coarse-substrate spawners

Reproductive function metric (RFM)

number of IL native minnow species

Species richness and composition metric (SRG)

number of IL native sunfish species

Specles richness and composition metric (SRG)

IL ratio of generalist feeders Trophic function metric (TFM)

% Intolerant species by count Indicator species metric (ISM)

% moderately intolerant species by weight Indicator species metric (ISM)

This process showed that, when grouped by function, the ACM metrics (catch per
unit effort and percent diseased or with eroded fins, lesions, or tumors) had relatively
weak correlation with habitat. The other four functional categories were
approximately equal in their relationship to habitat. Based on these observations, a
combined fish metric was calculated by summing the reproductive function, trophic
function, indicator species, and species richness and condition metrics. Because a
system-specific index of biotic integrity (IBI) for fish does not exist for the CAWS
and other IBIs are not appropriate for the CAWS (see Appendix A) this combined
fish metric was used in subsequent analyses with habitat data.

6.2.1.b Determination of Habitat Variables for Study Period

It would not be feasible to conduct this Study at present without relying on the data
collected by the District in the past, as these data provide valuable measures of
CAWS fisheries over many years. However, only a relatively limited set of physical
habitat data were measured concurrent with the District’s fish sampling events from
2001 through 2007. Therefore, to use the District’s fish data in this Study, it was
necessary to make some assumptions regarding physical habitat during that time
period, as described below.

e All hydrologic variables were assumed constant from year to year, using
model predictions the DUFLOW model developed by Marquette University.
Given the highly regulated hydrology of the system and the fact that most of
the flow entering the CAWS is from wastewater treatment plants, it is unlikely
that significant variations in average or extreme hydrologic variables occurs
from year to year.
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¢ Bank and riparian conditions were assumed to be the same as observed in
2008, unless otherwise noted in the District’s physical habitat observations.
Given the urban, constructed nature of the CAWS, this is likely a safe
assumption. No major changes in these conditions were noted in consultation
with District personnel involved in routine monitoring in the CAWS.

» No quantitative measurements of macrophyte growth were available from
2001 - 2007. Quantitative measurements of littoral macrophyte coverage were
made in 2008 as part of this Study, though, and the presence of aquatic
macrophytes was noted on the historical habitat assessment forms completed
by the District from 2002-2007. Lacking historical data, but recognizing the
probable importance of macrophyte cover, the decision was made to
retroactively apply 2008 macrophyte measurements to the period of 2001 —
2007. While this is likely not an accurate representation of historical
conditions, it is better than disregarding macrophytes altogether. Furthermore,
review of the historical habitat assessment forms generally corroborated the
2008 data.

In this Study, the assumptions regarding the similarity of physical habitat condition
between 2008 and the preceding seven years are believed to be reasonable, given the
relatively unchanging nature of conditions within the CAWS and the nature of the
subject variables. The percentage of vertical walled banks at a sampling station, for
example, was likely about the same in 2008 as it was in 2001. Although minor
changes cannot be ruled out, they are likely not significant compared to the variability
in fish data at these stations from year to year, which can be quite large.

One varnable that is less reliably estimated in this retroactive manner is Secchi depth,
which was not measured during 2001 - 2007, but was measured in 2008 for this
study. Historical turbidity data collected by the District shows that water clarity can
vary over time in the system, so assuming that 2008 Secchi measurements accurately
reflect conditions at a location in preceding years is probably not accurate. As an
alternative, 2008 Secchi data were compared to turbidity measurements from the
CAWS to assess whether historical Secchi could be estimated using turbidity (Figure
6-2).
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Figure 6-2: Comparison of 2008 Secchi Measurements with 2008 Turbidity
Measurements.

The regression of the 2008 Secchi with the 2008 turbidity yields an r-squared value of
nearly 0.8, which indicates a relatively strong relationship between the two
measurements. However, there is still as much as a 0.5 m variance between actual and
predicted Secchi using the regression relationship, which could result in a prediction
error of approximately 50% for areas where Secchi is on the order of 1 meter depth,
which is common in the CAWS. In addition, Secchi is typically used in habitat
studies as an indicator of light penetration, related to the growth of aquatic
macrophytes that create fish habitat and provide food. In this Study, a metric
reflecting macrophyte growth was already included, so Secchi was, in this sense,
redundant. For these reasons, Secchi was eliminated from the analysis, which resulted
in 15 habitat variables for the regression analysis.

6.2.1.c Description of Mulitiple Linear Regression Method Used

For this analysis, multiple linear regression (MLR) was chosen as the statistical
method for comparing habitat variables with fish data, for a number of reasons. First,
MLR is a mathematically rigorous method that has been used in several habitat
studies published in professional literature and for development of habitat indices.
Second, MLR was used in the development of the Michigan Non-Wadeable Habitat
Index, which was the model approach for this study as discussed in Section 2.5 of this
report. Third, MLR provides a parametric measure of goodness-of-fit (i.e., r-squared
value) that allows relatively straightforward comparison of data models to each other
and that provide a quantitative measure of the degree to which the independent
variable data (i.e., habitat or water quality) describe the variation in the dependent
variable data (i.e., fish data).
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Several MLR methods exist to choose from. The most commonly used methods are
standard stepwise, forward selection stepwise, backward elimination stepwise, and
best subsets. Each of the three stepwise methods involves starting with an initial set
of variables in the regression model and then adding or removing variables according
to a set of rules until some subsequent steps do not improve the fit of the model to the
data. The best subsets method calculates all possible regression models using all
possible numbers of variables. Instead of producing a single regression model, the
best subsets method produces several to choose from.

Stepwise regression methods have been criticized because they do not allow the
application of specialized knowledge about the data or the system being studied to
inform the selection of the regression model. For this reason, the best subsets method
was selected for this study. As will be shown in subsequent sections of this report,
this method produced several possible regression models that allowed the opportunity
for comparison between models and the application of judgment regarding model
selection.

6.3 SYSTEM-WIDE COMPARISON OF HABITAT WITH FISH

The final selected set of habitat variables were compared to the CAWS fish data from
2001 through 2007 (using the “combined fish metric”” described in Section 6.2.1.a)
using multiple linear regression (MLR). As discussed above, this method was
selected because it identified the habitat variables that statistically best explain the
fish data, assigns relative weights to those variables to inform their relative
importance, and produces a quantitative metric (the r-squared value) that can then be
compared to the relative importance of other variables, such as water quality.

6.3.1 Interpretation of Best Subsets Multiple Linear Regression Results

The best subsets MLR method calculates regressions of all permutations of the
independent variables (habitat) with the dependent variable (fish) and produces
multiple regression models for inspection. The method does this by calculating a
specified number of regression models using various numbers of variables from one
up to the total number of variables. The MiniTab statistical software package was
used to conduct the MLR analysis and it allows specification of the number of
regression models produced in each variable set. For this study, the top three
regression models were produced for each variable set. In other words, starting with a
total of 15 variables, the analysis produced the top three regression models with one
habitat variable, the top three regression models with two variables, and so on, up to
15 variables.

With multiple regression models calculated for each analysis, some means of
discriminating between the regression models and for selecting a preferred model is
needed. There are several factors that were considered in this study, when inspecting
the MLR results:
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Number of variables — Because the best subsets MLR produced regression
models with as few as one variable, and as many as 15, there was wide
latitude in selecting regression models with a range of variable numbers.
Although in some analyses the model with the fewest variables, all other
things being equal, might be preferred, that was not the case here. The review
of the regression models took into account the objectives of the study,
specifically the need to support development of a descriptive index for
physical habitat. In that sense, it can be argued that a greater number of
variables is preferable to a fewer number of variables.

Sign of the variables — Each variable that appears in a regression model has a
positive or negative value. A positive value indicates that the habitat variable
is positively correlated with the fish data and a negative sign indicates the
opposite. In some cases, it was observed that variables intended to represent a
positive habitat condition were assigned a negative sign in a particular
regression model or vice versa. Due to the highly modified nature of the
CAWS, this may have occurred in this study more than would occur in a study
of natural systems. In any case, it may be counterproductive to use a
regression that includes these variables. This is discussed in Section 6.3.2
below.

R-squared and adjusted r-squared values — The r-squared value for each
regression model was calculated and an “adjusted” r-squared was also
calculated for each. The adjusted r-squared value accounts for the degrees of
freedom in the regression. In other words, the raw r-squared value of the
regression may be increased by adding more variables (degrees of freedom)
but the statistical certainty of the calculated data relationship may be
diminished. The adjusted r-squared value accounts for this and is, therefore, a
truer measure of the regression model’s descriptive ability. In comparing
regression models, a higher adjusted r-squared was preferred.

Mallow’s C-p value — Mallow’s C-p is a commonly used parameter in MLR
analysis because it represents a measure of both the variance of the regression
and the bias’. As more variables are added to the regression, C-p typically
increases. Although a common interpretation of MLR results is to select the
regression model with the lowest C-p (meaning the regression with the lowest
total discrepancy (variance plus bias), such a model might not be the best fit to
the data. A higher C-p value means a regression model with more
discrepancies but, possibly, a better fit to the data. In general, a value of C-p
that is equal to, or less than, the number of variables in the regression has the
minimum bias. In comparing regression models in this study, a Mallow’s C-p
value less than the number of variables in the regression was preferred.

? In regression analysis, bias refers 1o the systematic overestimation or underestimation of the
dependent variable by the regression model. This is different from variance, which is the natural
variability or “scatter” of the variable.
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e Varniable confidence — For each variable included in each regression model, a
statistical confidence level (p-value) was calculated. This value reflects the
level of uncertainty in each variable and a 90% confidence level was preferred
(p<0.10). Trade-offs between statistical certainty and regression fit were
observed. Adding more variables might, in some cases, have increased the
adjusted r-squared of the regression, but it might have diminished the
statistical certainty of certain variables. The variable p-values were the last
item to be examined and although the inclusion of variables with p-values
greater than 0.1 did not automatically eliminate the regression from
consideration, this factor was weighed.

All of these factors were considered when reviewing the MLR results in this study. In
addition, the application of professional judgment and consideration of the objectives
of the study were integral to the process. As stated in Draper and Smith (1981) when
discussing selection of regression models, “all selection procedures are essentially
methods for the orderly displaying and reviewing of data. Applied with common
sense, they can produce useful results; applied thoughtlessly, and/or mechanistically,
they may be useless or even misleading.”

6.3.2 Discovery of Counterintuitive Variable Results

The initial MLR was conducted using available paired (concurrent and collocated)
measurements of fish and habitat. In all, 81 paired fish/habitat “events” were used in
this analysis. Initial MLR analyses presented some counterintuitive results for certain
variables, described below:

o Flashiness appeared as a positively correlated variable with fish, when it
generally is believed to be a negative condition reflecting watershed
urbanization and increased imperviousness. It was concluded, given the highly
regulated hydrology of the CAWS, that flashiness is not a truly meaningful
habitat variable in the CAWS and that it’s positive relationship to fish is an
artifact of the data.

o The percent large substrate (gravel, cobbles, and boulders) in deep water
appeared as both a negatively and positively correlated variable with fish,
depending on which other habitat variable were used in a particular
regression. This suggested a degree of instability and unreliability in the data
for this variable.

o Similar to the percent large substrate in deep water, the variable representing
the percentage of plant debris on the channel bottom appeared as both a
positive and a negative variable in the different regressions. Again, this
suggested a degree of instability and unreliability in the data for this variable.
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Based on these observations, these three variables were eliminated from the
regression analysis, so the final regressions between habitat variables and fish data
were conducted using 12 habitat variables (Table 6-3).

Table 6-3: Final Habitat Variables Used in Multiple Linear Regression
with Fish Data

Variable Category Habltat Variable

Geomorphology & Hydrology _Wened perimeter of channel
Maximum depth in reach
Number of off-channel bays
Bank “pocket” areas

Sediment & Substrate % Gravel, cobbles, boulders, shallow
% Organic sludge
In-Stream Cover Average macrophyte cover

‘n-stream cover (present or absent)

Bank & Riparian Ct¢ Dominant riparian land use
% venrtical walled banks in reach
% Rlprap banks In reach

Anthropogenic Impacts Manmade structures

6.3.3 System-Wide MLR Results

The MLR between the habitat variables and the combined fish metric was first run
using the 2008 Secchi data, retroactively applied at each station for the 2001 — 2007
events. Using the best subsets method, the top three regression models for each
possible number of variables were identified. Table 6-4 shows the results of this
analysis. The habitat variables are listed across the top of the table and each row
represents a different regression equation. The variables included in each regression
are indicated by an “X" in the column for that variable.

The second and third columns present the r-squared and adjusted r-squared values for
each regression. The r-squared is the basic “goodness of fit” measure, which indicates
how much of the data variability is explained by the regression. An r-squared of 0.4
indicates that 40% of the data variability is explained by the regression equation. In
general, the r-squared value will continue to increase as more variables are added, but
there is a point beyond which the statistical reliability of the regression begins to
diminish. To account for this, the adjusted r-squared is calculated, which takes into
account the statistical reliability as a function of the number of variables, which is
why the adjusted r-squared begins to decrease after a certain number of variables is
reached.

LimnoTech Page 113



Electronic Filing - Received, Clerk's Office, January 6,. 2010
******PC#284*****

Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

Table 6-4: Summary of Regression Models for System-Wide Comparison of Fish
and Habitat Data for 2001 — 2007

No. R- Adjusted Mallows | € | 2 o | W | D |0 |0 | 0 | | 2| B 2
Vars | squared | r-squared | C-p Iﬂ |= l-,'“, 3 o ; g = | £ 29 5
sleleale|@|C% =] |8
. g 91121 3|8 <
» | © 0 -l > m|E
1z |5 “lalz
g 2
6
! 0.25 0.24 2.2 X ]
f 0.15 0.14 38.8 X
f 0.15 0.14 39.0 X
2 0.35 0.34 12.8 X X
2 0.33 0.31 16.2 x | x
2 0.31 0.29 19.3 X | X
3 0.42 0.4 6.1 X ' X X
3 0.4 0.37 9.3 X h X | x
3 0.4 0.37 0.4 X X | x
4 0.44 0.41 5.4 X x | x
4 44 0.41 55 % X | x | X
4 0.43 0.40 6.1 X X X | x X
5 0.47 0.43 35 x | x X | X | X
5 0.47 0.43 38 X x | x| x
5 0.42 49 X | x x | x| x
I 048 | )4 36 X | x X x | x [ x
s 048 | 044 4.0 X | x| x | x
8 0.48 0.43 4.2 x | x 1 X [ x| x T x
7 0.49 0.44 4.0 X 1 X X | x x| x
> 0.49 n.44 4.6 X | X X [ x| x{x, x
7 0.49 0.44 5.0 X | x X X X | X | x
8 05 0.44 5.2 X | X X % X | x| x | x
8 05 0.44 5.5 X | x X X X | X x| X
8 0.49 0.4 59 X | x T« | x Al X | x [ X
3 05 0.44 7.0 X | x X x | x | x| x| x]x
a 05 | 044 72 X | x X | x| x x| x| x| x
s 05 " 0.4s 72 X | X X | x % X | x | x [ x
10 05 0.43 9.0 x | x| x X X [ xx [ x| x ] x
10 0.5 0.43 9.0 x [ x x | x x| x| x| x[x]x
10 0.5 0.43 9.0 X | x x | x x [ x x| x| x| x
11 05 0.42 1.0 X | x [ x [ x| x x [ x I x [ x[x]x
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As shown in Table 6-4, the regression models have adjusted r-squared values ranging
from 0.14 to 0.44. The regression models with four variables or fewer have lower
adjusted r-squared values and C-p values that are greater than the number of
variables, indicating relatively high bias (systematic overestimation or
underestimation of the data), so these were not considered further. The maximum
adjusted r-squared value of 0.44 was achieved with regression models having six or
more variables. Increasing the number of variables beyond six did not increase the
adjusted r-squared value, but increased the C-p values and also resulted in some
significantly increased P-values (not presented in the table), suggesting there was
little benefit to using a regression model with more than six variables.

The two 6-variable regression models having adjusted r-squared values of 0.44
contained five variables in common. One regression model included channel wetted
perimeter as the sixth variable and the other included off-channel bays as the sixth
variable. With this as the point of comparison, the model including off-channel bays
was selected because this variable was more intuitively understandable in terms of its
habitat benefit than channel wetted perimeter.

The six-variable regression that is selected from this process included the following
habitat variables:

e Maximum depth of channel (p=0.000)
e Off-channel bays (p=0.197)
s Percent of vertical wall banks in reach (p = 0.053)
® Percent of riprap banks in reach (p = 0.001)
e Manmade structures in reach (p =0.019)
e Percent macrophyte cover in reach (p = 0.086)
The regression calculated asing these variables had a raw r? of 0.48 and an adjusted r*
of 0.44. This result indicated that the six variables in the regression account for 48%
of the variability in the fish data in the CAWS. The equation for this regression was:
CFM =12.8 - 0.381 x MAX_DEP + 1.03 x In(OFF_CH_BAY + [)-2.03 x
asin((BNK_WALL)*®) — 1.11 x (In(BNK_RIPRAP +1)) — 6.06 x
In(IMAN_MADE_STRUC + 1) + 0.214 * MCRPH_CHAN
Where:
CFM = Combined fish metric

MAX_DEP = The maximum channel depth in reach
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- OFF_CH_BAY = the number of areas in the reach that function as off-channel
bays, providing refuge for fish

BNK_WALL = the percentage of bank, by length, occupied by vertical walls
BNK_RIPRAP = the percentage of riprap banks in reach, by length
MAN_MADE_STRUC = the number of manmade structures in the reach

MCRPH_CHAN = the percentage macrophyte cover in the reach.

Each of the variables in this regression has a p-value less than 0.1, which represents
90% confidence, except off channel bays, which has a p-value of 0.197 (~80%
confidence). A plot depicting this regression is presented in Figure 6-3.

Observed Combined Rsh Metric

0 . : g . : : : N

Combined Fish Metrlz Calculated from Regression Equation

Figure 6-3: Plot of CAWS Six-Variable Habitat Regression Model with 2001-

2007 Fish Data,

One of the underlying assumptions of MLR is that the regression residuals (predicted
values minus observed values) follow the normal distribution. The normal probability
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plot depicted in Figure 6-4 shows that the residuals are normally distributed. Values

in 2 normal distribution will fall on the diagonal line.

Normal Probability Plot of the Residuals
(response Is Combined Fish Metric)
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Figure 6-4: Normal Probability Plot of Regression Residuals for the Selected Six-

Variable CAWS Habitat Regression with Fish Data.

In addition to the assumption of normality, it is assumed that the residuals are

independent. This is evaluated using a scatter plot of residuals against fitted values, as

depicted in Figure 6-5.
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(response Is Combined Fish Metric)
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Figure 6-5: Scatter Plot of Regression Residuals vs. Fitted Values for the Six-
Variable CAWS Habitat Regression.

The values of the residuals plotted against the fitted value appear to be randomly
distributed, suggesting that the residuals are independent. Based on these analyses of
the regression residuals, the seven-variable CAWS habitat regression appears to
uphold the underlying assumptions of normality and independence.

6.3.4 Comparison of Habitat Regressions to 2008 Fish Data

To evaluate and verify the usefulness of the regression model described above, 2008
fish data were used. In 2008, fish samples were collected at 20 stations in the CAWS
Study area, which included 14 stations sampled by the District and six supplemental
stations sampled by LimnoTech and their subcontractor Ecological Specialists, Inc.
The combined fish metric for these 20 stations was calculated from the 2008 fish data
and compared to the habitat regression model described above, calculated at the 20
stations, Comparison of the six-variable regression model to the 2008 fish data is
depicted graphically in Figures 6-6.
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Figure 6-6: Comparison of the CAWS Habitat Regression Model with 2008 Fish
Data.

As shown in Figure 6-6, the six-variable habitat regression model (developed using
2001 - 2007 fish data) shows a relatively good fit with the 2008 fish data. The r-
squared value of 0.29 (p = 0.014) indicates that there is good and statistically
significant correlation (98.6% confidence) between the habitat regression model and
the 2008 fish data.

It is also of interest to know how this regression might correlate with long-term
averages in CAWS fisheries condition. To evaluate this, the average combined fish
metric at each CAWS sampling station was calculated from the 2001 — 2008 data and
the regression equation was compared to these averages. Figure 6-7 shows this
comparison. The regression fit the long-term averages with an r-squared of 0.51,
indicating that the six habitat variables in the regression equation explain more than
50% of the variability in fish data over long periods.
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Figure 6-7: Comparison of the CAWS Habitat Regression Model with Averaged
Fish Data (2001 - 2008).

This comparison is further verification of the importance of the six habitat variables
in the habitat regression and indicates that the regression can provide a solid
foundation for development of a habitat index for the CAWS.

6.4 RELATIVE IMPORTANCE OF PHYSICAL HABITAT IN THE CAWS

The regression analysis of physical habitat with fish can be used to evaluate the
relative importance of habitat to fish in the CAWS. As previously discussed, the
regression analysis shows that physical habitat can explain 48% of the fish data
collected from 2001 —2007. While this is a significant finding, it means that
approximately half of the fish data is not explained by the six habitat variables in the
regression. The following sections evaluate what else might be contributing to
variability in CAWS fish data.

6.4.1 Variation in Fish Data Not Explained by Habitat Variation

The observation that physical habitat conditions can explain up to approximately half
of the variability in fish data raises the question as to what can explain the rest of the
variability in CAWS fish data. To investigate this, two evaluations were performed
using the regression residuals:

s The regression residuals were compared to the station-by-station varation in
fish data between the 2001-2007 dataset and the 2008 dataset. This
comparison was performed to evaluate how much of the unexplained
variability in fish data may be attributable to variation in fish over time.
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o The regression residuals were compared to DO metrics at each station. This
comparison was performed to evaluate how much of the variability in fish
data, not explained by the key habitat variables represented in the regression
equation, may be attributable to DO.

The regression equation used for these comparisons was the six-variable regression
equation presented in Section 6.3.3. These comparisons are depicted graphically in
Figures 6-8 and 6-9, respectively.

y=0.8158x+4.1364
R'=0.7036

1600 ———

1400 ——m™ —

12.00 | .
000 —— — — — //_ _ _
(| - »

8.00 —- /
6.00 |

Dlfference betwaen 2008 combined metrlc and CHI score
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2.00 i — - —
.
000 ——  — = : — - EE—
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Difference between 2008 and avaraged 2001-2007 comblined metrics

Figure 6-8: Comparison of Regression Residuals with Variation in Metrics
Calculated Using Fish Data from 2001-2007 and 2008.

Figure 6-8 compares the habitat regression residuals (predicted values minus
observed values) to the difference between the average fish metric values for the 2001
to 2007 data period (used for regression development) and the 2008 data set (used for
regression validation). This comparison shows a relatively strong correlation (r-
squared = 0.70) between the regression residuals and the change in fish metrics from
the 2001-2007 period and 2008. This suggests that as much as 70% of the variability
in the CAWS fish data that is not explained by the six habitat variables in the
regression equation (35% of total variability in fish data) can be explained by
variability in the fish samples themselves, as opposed to some other external
condition, such as a missing habitat vaniable.

To further investigate this, the error associated with year-to-year variability of the
combined fish metric at individual sampling stations was compared to the error of the
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regression mode]. Table 6-5 shows the standard deviation of the CFM at each of the
stations. The mean standard deviation (the square root of variance from the mean) of
the CFM measurements is 3.1 while the regression model root mean squared error
(the square root of variance from the predicted value) is 3.7. The fact that the mean
standard deviation is 3.1, which is nearly equal to the root mean squared error of 3.7,
suggests that hat suggests that the majority of the model error is due to the year-to-
year variability of the fish measurements.

Table 6-5: Standard Deviation of the Combined Fish Metric at District Sampling

Stations.
Mean
Station_No | Statlon Name n CFM St Dev
1014 North Shore Channel at Central Street 2 123 8.2
1015 North Shore Channel at Touhy Avenue 7 0.3 2.9
1016 North Branch Chicago River at Wilson Avenue 2 -1.4 3.2
1017 South Branch Chicago River at Madison Street 2 3.6 49
1018 Chicago Sanitary and Ship Canal at Damen Avenue 2 -0.4 1.1
1019 Chicago Sanitary and Ship Canal at Harlem Avenue 7 -13 35
1020 Chicago Sanitary and Ship Canal at Route 83 2 1.6 6.9
1021 Calumet-Sag Channel at Route 83 2 -6.5 1.8
1022 North Branch Chicago River at Grand Avenue 7 -10 34
1023 Chicago Sanitary and Ship Canal at Stephen Street 2 -7.6 3.0
1029 Little Calumet River at Indiana Avenue 2 0.8 29
1031 Calumet-Sag Channel at Ashland Avenue 2 -2.9 0.1
1032 Calumet-Sag Channel at Cicero Avenue 7 -1.6 2.6
1034 North Branch Chicago River at Diversey Parkway 2 -2.9 5.6
1035 Chicago River at Lake Shore Drive 2 10.1 0.6
1036 Chicago Sanitary and Ship Canal at Cicero Avenue 7 -2.2 3.9
1037 Little Calumet River at Halsted Street 7 4.3 2.0
Chicago Sanitary and Ship Canal at Lockport (16th
1045 Street) 7 -5.7 2.3
1048 Bubbly Creek at Archer Avenue 2 0.0 0.9
1049 Chicago River at Wells Street 2 2.2 0.8
1050 North Shore Channel at Foster Avenue 2 38 14
1051 North Shore Channel at Oakton Street 2 53 | 96
1056 South Branch Chicago River at Loomis Street 2 -1.5 | 2.2
Mean across ali stations (weighted by number of
samples) 81 -0.2 3.1
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Figure 6-9: Comparison of Regression Residuals with Percent of Time Dissolved
Oxygen Less Than 5 mg/L.

Figure 6-9 compares the habitat regression residual to the percent of time that DO
was less than 5 mg/L at each station from June through September. This water quality
metric was found to be the most highly correlated with individual fish metrics in the
CAWS, as reported in Appendix C. The regression has an r-squared = 0.03, which
indicates that only 3% of the CAWS fish data variability that is not explained by the
six habitat variables in the regression equation (1.5% of total variability in fish data)
may be explained by DO conditions at each sampling station.

6.4.2 Relative Importance of Habitat Versus Water Quality in the CAWS

The regression analysis presented in Section 6.3.3 shows that physical habitat alone
can explain up to 48% of fish data collected in the CAWS from 2001 — 2007, which is
significantly better than can be accomplished by evaluating water quality alone. In the
analysis presented in Appendix C, the DO metric most highly correlated with fish
data only had an r-squared of 0.27, meaning that DO alone can only explain 27% of
the variability in the same seven years of fish data. This indicates that physical habitat
is relatively more important in understanding fisheries in the CAWS than water
quality.

To further investigate the relative importance of physical habitat and water quality to
fish in the CAWS, A key DO metric (the percent of time that DO is less than 5 mg/L
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at each station from June through September) was added to a key habitat regression
discussed above, to observe whether the inclusion of the DO variable would
significantly improve the ability of the regression equation to explain the fish data.

It should be noted that a wide range of water quality metrics were evaluated with
respect to fish data, to identify the metric most correlated to fish metrics, which was
the percent of time that DO is less than 5 mg/L at each station from June through
September. The six-variable regression equation discussed in section 6.3.3 was used
for this test. That regression equation, developed using system-wide data, included
the following variables:

e Maximum depth of channel

s Off-channel bays

e Percent of vertical wall banks in reach
e Percent of riprap banks in reach

e Manmade structures in reach

e Percent macrophyte cover in reach

The percent of time between June and September that DO was below 5 mg/l was
added to this set of habitat variables because it was the water quality variable
identified as having the strongest relationship to fish in the CAWS. This set of
variables was then compared to fish data using multiple linear regression. It should be
noted that this regression was conducted on a slightly smaller dataset (67 events)
because continuous DO data were not available at all of the CAWS stations with fish
and habitat data.

In the original regression using habitat variables alone, the comparison to fish data
yielded an r-squared value of 0.48, meaning that the habitat variables explained about
48% of the fish data. With the reduced data set, the r-squared dropped to 0.42,
probably because fewer data were used. When DO was added to the variable set and a
new regression was calculated, the r-squared of the new regression with fish data was
0.46. This result indicates that including DO with the habitat variables improved the
amount of fish data variability explained by the regression by about 4% over physical
habitat alone.

6.4.3 Summary Findings for Relative Importance of Habitat in the CAWS

From these comparisons and the overall analysis of the relationship of physical
habitat to fish in the CAWS, the following conclusions can be made:

e The two most important physical habitat variables in the CAWS that are
positively correlated with fish are the amount of macrophyte cover and the
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guantity of areas that act as off-channel bays to provide refuge from the main
channel.

¢ The four most important physical habitat variables in the CAWS that are
negatively correlated with fish are the maximum depth of the channel, the
amount of vertical walled banks, the amount of riprap banks, and the number
of manmade structures.

e These six variables account for 48% (approximately half) of the variability in
fish data collected in the CAWS from 2001 — 2007.

e Of the half of fish data variability that is not explained by these physical
habitat variables, as much as 70% of that half can be explained by variation in
fish sampling results from year to year. This means that the fish measured at a
location can vary significantly from one sample event to the next and that this
will lead to an inherent variability in the data that cannot be explained by
changes in independent variables such as habitat or water quality.

e The percent of time that DO is less than S mg/L at a given station in the
CAWS from June through September explains approximately 3% of the half
of the fish data variability that is not explained by the six key physical habitat
variables.

¢ DO is much less important to fish in the CAWS than physical habitat. DO
alone can only explain between 2% and 27% of the fish data variability, while
the physical habitat can explain 48%. The addition of the key DO metric to
the main habitat variables only resulted in a 4% improvement over using
habitat alone.

The use of these findings in developing a CAWS-specific habitat index is discussed
in the next section.

LimnoTech Page 125



Electronic Filing - Received, Clerk's Office, January 6,. 2010
******PC#284*****

Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Reporf Januarv ¢ 2010

LimnoTech Page 126



Electronic Filing - Received, Clerk's Office, January 6,. 2010
******PC#284*****

Chicago Area Watorway System Habitat Eveluation and Improvement Study
Habitat Evatuation Regort January 4, 2010

7. DEVELOPMENT OF A CAWS HABITAT INDEX

The process outlined in Section 6 of this report systematically narrowed the field of
potentially important habitat variables from 241 original variables to a final set of six
habitat variables that represent the most statistically important measured habitat
variables to fish in the CAWS. These six variables are:

» Maximum depth of channel

e Off-channel bays

e Percent of vertical wall banks in reach
e Percent of riprap banks in reach

e Manmade structures in reach

e Percent macrophyte cover in reach

Together, these habitat variables explain 48% of the fish data vaniability in the
CAWS. The development of a system-specific habitat index is discussed in this
section, with emphasis on the following topics:

¢ Objectives for the CAWS Habitat Index (Section 7.1) — The main objectives
for a system-specific CAWS habitat index are outlined in this section.

¢ Use of the CAWS Habitat Regression Equation (Section7.2) — This section
discusses the role of the CAWS habitat regression in developing a habitat
index for the system.

e CAWS Habitat Index Development (Section 7.3) — Development of a CAWS-
specific habitat index is discussed.

¢ Potential Limitations of the CAWS Habitat Index (Section7.4) — Potential
limitations of the CAWS habitat index presented in Section 7.3 are described.

7.1 OBJECTIVES FOR THE CAWS HABITAT INDEX

One of the original objectives for this study, as discussed in Section 1 was to “use a
multi-metric habitat index to evaluate physical habitat conditions in the CAWS and
use physical habitat data and the above multi-metric index to assess the relative
importance of physical habitat to fish in the CAWS.” As discussed in Section 2, no
existing habitat indices for non-wadeable waters were identified that would be
applicable to the CAWS, therefore development of a system-specific index would be
required. The process of developing a system-specific habitat index required detailed,
in-depth analysis of habitat and fish data. This process of data analysis, while paving
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the way for development of a system-specific habitat index for the CAWS, was also
sufficient to meet the objectives for which the index was originally thought to be
needed. Specifically, the evaluation of physical habitat conditions in the CAWS and
the assessment of the relative importance of physical habitat to fish in the CAWS was
addressed without an index, as discussed in Section 6.

As such, the objectives for a habitat index for the CAWS have shifted somewhat from
what was originally envisioned. With the completion of the analysis documented in
this report, the objectives for a CAWS-specific habitat index should be to:

* Provide a tool for characterization of reaches within the CAWS for purposes
of comparing the range of habitat quality within the CAWS and for
prioritizing locations for potential habitat improvement measures.

e Provide a tool for characterizing habitat changes in reaches over time.

e Represent the habitat attributes that are most important to aquatic biota in the
CAWS, based on system-specific data.

The technical literature on the subject present different approaches for developing
habitat indices and a single, universally accepted standard method has not been
identified. The flowing sections address the use of the multiple linear regression
analyses discussed previously in developing a CAWS-specific habitat index.

7.2 USE OF THE CAWS HABITAT REGRESSION EQUATION

One method for using the habitat regression presented in Section 6 to develop a
CAWS-specific habitat index is to use a regression equation directly as an index
equation to measure habitat quality in the CAWS. This has certain advantages,
including the fact that the index would only include the habitat variables that are
currently most important to the biotic indicator population (fish in this Study). Direct
use of the variable coefficients from the regression equation as weights for the
variables in the index would be the most statistically sound approach.

However, this approach has a significant limitation, in that it can ignore other
important habitat variables that can be used to characterize physical habitat in the
system. Using only variables from the regression analysis may omit variables that are
important, but not as relatively important as those in the regression. For example,
overhanging riparian vegetation was not included in the final habitat regression
because it was highly correlated with vertical walled banks. This does not mean that it
is not an important habitat variable. The bank pocket area variable was included in
the regression analysis, but did not appear in the selected regression. This does not
mean that these small bank refuges are unimportant to fish. A better approach is to
use the regression analysis to inform the habitat index by pointing to important
variables and by helping understand the relative importance of those variables. This
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allows for the application of professional judgment, informed by knowledge of the
system, the data, and aquatic ecology in general. This approach is described below.

7.3 CAWS HABITAT INDEX DEVELOPMENT

As stated at the beginning of this section, the regression analyses presented in Section
6 identified six physical habitat variables that are the most important to fish in the
CAWS, based on the data and analytical methods used in this study. Because they are
the most important variables for understanding habitat quality, they are the best
candidates for a CAWS-specific habitat index. In addition, other habitat variables
were not included in the selected regression, but were evaluated for inclusion in the
CAWS habitat index, as discussed below.

To evaluate the effect of including additional variables with the selected regression
equation as the basis for an index, an index development spreadsheet was created
using the regression equation, which would allow comparison of the regression
calculation to the average combined fish metric at each station, for the monitoring
period used in this study (2001-2008). This comparison was depicted graphically in
Figure 6-6 and shows that the regression equation versus the average combined fish
metric for each station has an r-squared of 0.51, meaning that the regression can
explain 51% of the variability in long-term average fish data in the CAWS.

The index development spreadsheet also included station-by-station values of the
following other habitat variables of interest:

o Bank pocket areas — This variable was used in the regression analysis but does
not appear in the selected regression. It represents the count of relatively small
bank refuge areas for fish and was included because it can represent an
important cover variable.

o Large substrate in shallow and deep parts of the channel — These variables
were also included in the regression analysis but did not appear in the selected
regression. They were considered in the index development because of the
general importance of large substrate to fish.

® Organic sludge — This variable was included in the regression analysis but did
not appear in the selected regression. It represents a general substrate
condition in some of the CAWS reaches that indicates very fine sediment with
residual impacts of industrial chemicals. It was included because it may be an
important local limitation to ecological health in parts of the CAWS.

* Overhanging vegetation — Overhanging riparian vegetation is recognized as
important in aquatic systems for providing shade and a source of organic
material and food (insects) for some fish. This variable was not included in the
habitat regression analysis because it is strongly correlated with another
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variable, vertical wall banks. It is, however, an important habitat variable and
should be included in the index.

The regression equation is simply the sum of the values for each included variable,
each multiplied by a coefficient. The coefficients in the regression equation are
determined by the statistical process. In adding variables to this equation, the
assumption was made that none of the additional variables is more important than the
variables in the original regression equation; otherwise they themselves would have
appeared in the equation. Therefore, it was assumed that none of the additional
variables could have a larger coefficient than the lowest coefficient already in the
regression equation. In other words, the additional vanable could not be weighted
more heavily than a variable that appeared in the regression.

It was also recognized that the addition of variables would degrade the fit of the
equation to the data. For index development, the average combined fish metric at
each station was calculated for the 2001 — 2008 period. As described above and in
Section 6.3.4, the regression equation had an r-squared of 0.51 with these long-term
averages. It would be expected that adding variables to the equation would resultin a
lower r-squared, so there is a trade-off between adding variables and the r-squared
value. It was decided that the addition of variables to the regression equation should
not result in an r-squared less than 0.48, which was the r-squared that the original
regression had with the 2001-2007 data, when it was originally developed.

With these constraints, the additional variables were tested alone and in combination,
using coefficients less than 0.2, which was the lowest coefficient assigned to a
variable in the original regression. Using this approach, a combination of coefficients
was developed that matched the r-squared of the original regression (0.48). The
variables and their coefficients are listed in Table 7-1. The variable values used in this
analysis are presented in Table 7-2.
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Table 7-1: Habitat Variables and Coefficients Used in CAWS Habitat Index.

Habitat Variable Coefficient
T\/Iaximum depth of channel (-) 0.381
Off-channel bays (+) 1.03
Vertical wall banks (-) 2.03
i Riprap banks (-) 1.11
Manmade structures (-) 6.06
Macrophyte cover (+) 0.214
Overhanging vegetation (+) 0.1
Bank pocket areas (+) 0.05
Large substrate - shallow (+) 0.005
Large substrate - deep (+) 0.005
-Organic sludge (-) 0.08
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Table 7-2: Values of Habitat Variables Assigned to CAWS Stations for Index Development.
Madmum of- Vertlex! | Riprap | Manmade | Macrophyte | Overhanging Bank Large lLarge Organk
Channel | Channel Wall Hanks Structures | Cover [%X) Vegeration Pocket Substrate — Supstrate ~ Sludge (%)
Depth (f) | Bays | Banks x) %) Areas Shallow (%) | Deep (%)

Reach (%)

AWOM 35 - Upper Naath Shore Channel 8 2 0 0 1.0 S 33 0 20 0 0
AWQM 102 - Lowevr Narth Shore Channel 6 1 0 0 2. 10 29 3 0 0 0
AWOM 36 - Lower North Shore Channel 12 3 7 2 1.8 13 33 3 42 8 0
AWQM 101 - Lower North Share Channe! 10 3 5 [ 2. g 29 8 25 0 0
AWGQM 27-No. Branch Chicago River No. of Addison 12 ) 0 100 2.0 0 25 15 85 0 0
AWQM 7 - No. Branch Chicago Rives So. of Adison 12 3 19 8 1.0 0 10 [l 5 0 0
AWQM 46 -No. Branch Chicago River So. of Addkson 13 7 100 )] 1.7 0 0 2 9 3 g
AWQM 74 - Chicago River (Lake Share Drive) 8 7 80 ) 25 10 0 10 5 0 0
AWGQM 100 - Chicago River (Wells St.) 23 8 g7 ] 1.0 ] 0 0 19 0 [3
AWOM 39 - South Branch Chicago River _L 23 g 10D 0 15 0 0 8 0 0 [
AWQM 108 - South Branch Chicaga Rive el 4 77 7] 1.5 0 0 4 k] 18 4
AWQM 99 - Bubbly Creek 13 1 35 0 0 0 - 9 5 S 48
AWQM 49 - Chicago Sanitary and Ship Canal 20 f 67 0 0 0 0 _6 53 0 3B
AWQM 75 - Chicago Sanitary and Ship Canal 19 3 3 23 22 1 4 _u 35 5 [
AWQM 41 - Chicago Sanitary and Ship Canal 20 5 48 0 1.8 3 3 1 80 13 5
S1 - Chicago Sanitary and Ship Canal C 8 0 20 40 6 3 12 5 0 1
$2 - Chicago Sanhary and Ship Canal 24 1 100 0 1.0 ) 14 4 0 0
AWOM 42 - Chicago Sankary and Ship Cana) 25 1 100 0 05 Q 11 19 0 o]
AWGOM 48 - Chicago Sankary and Ship Canal 25 4 100 0 10 Q Z 20 0 )
AWQM 92 - Chicago Sanhary and Ship Cana) 28 4 52 4 1.7 1 3 5 34 3 8
AWQM 43 - Cal-Sag Channel 18 0 S 49 2.0 0 5 8 25 [ 13
§3 - Cal-5ag Channel 14 2 0 50 2.0 0 3 \Y4 20 0 0
54 - Cak-5ag Channe) 15 2 8 48 3.0 0 4 10 70 2 S
S5 - CakSag Channel 14 3 19 49 3.0 0 7 13 ) 10 10
AWQM 58 - Cal-Sag Channel 15 0 49 51 1.5 0 3 10 25 3 18
AWOM 53 - Cal-Sag Chanael 15 1 49 0 22 0 5 14 7 8 u
AWOM $6 - Little Calumet River 16 3 2 14 3.0 3 5 ) 1 21 8
AWQM 76 - Lice Calumet River 14 8 0 o] 1.3 3 : 14 10 31 )]
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These 11 variables represent a good mix of habitat variables including bank
condition, in-stream cover, substrate, and anthropogenic impact. They also represent
variables that are relatively easy to measure and many may be alterable to improve
habitat in the future. The equation for the raw CAWS habitat index is:

CHI = 12.8 - 0.381 x MAX_DEP + 1.03 x In(OFF_CH_BAY + 1)-2.03x
asin((BNK_WALL)**) ~ 1.11 x (In(BNK_RIPRAP +1)) — 6.06 x
In(IMAN_MADE_STRUC + 1) + 0.214 * MCRPH_CHAN + 0.1 x
PER_COV_ALT + 0.05 x BANK_POC_AREA + 0.005 x BIG_S + 0.005 x
BIG_D - 0.08 x CAWS_ORGSLG

Where:

CHI = raw CAWS Habitat Index

MAX_DEP = The maximum channel depth in reach

OFF_CH_BAY = the number of areas in the reach that function as off-channel
bays, providing refuge for fish

BNK_WALL = the percentage of bank, by length, occupied by vertical walls
BNK_RIPRAP = the percentage of riprap banks in reach, by length
MAN_MADE_STRUC = the number of manmade structures in the reach
MCRPH_CHAN = the percentage macrophyte cover in the reach
PER_COV_ALT = the percent overhanging vegetation

BANK_POC_AREA = the number of bank pocket areas

BIG_S = the percentage of large substrate (gravel, cobbles, boulders) in the shallow
part of the channel

BIG_D = the percentage of large substrate (gravel, cobbles, boulders) in the deep part
of the channel

CAWS_ORGSLG = the percentage of organic sludge in sediment samples

The index values calculated for each CAWS sampling station from 2001 — 2008 are
graphically compared to the average combined fish metric at those stations in Figure
7-1. 1t should be noted that in the index development stage, the raw values of the
index calculation were used. The final index is normalized to a 0 to 100 scale, as
explained in Section 7.4.
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Figure 7-1: CAWS Habitat Index Compared to Average (2001-2008) Combined
Fish Metric for Each Sampling Station.

As mentioned above, the r-squared of the CAWS habitat index to the fish data
maintains the goodness of fit that the original habitat regression had, but it also
compares well with comparisons reported for other habitat index studies that used
multiple linear regression, as shown in Table 7-3.

Table 7-3: Comparison of Regression Coefficient Used in CAWS Habitat Index
Development with Other Habitat Indices.

Habitat Index Regression Reference
Coefticlent for
Index
Development
CAWS 0.48 -
QHEI: comparison to (Bl 0.45 Rankin, 1989
Maryland Physical Habitat Index: 0.52 Hall et al., 1999

comparison to 1Bl

Ml Non-Wadeable Habitat Index: 0.34/0.73 Wilhelm et al., 2005
comparison to catchment and riparian
disturbance gradients
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The application of this index to individual reaches in the CAWS is presented in

Section 7.4.

7.4 APPLICATION OF HABITAT INDEX BY REACH

The CAWS habitat index was calculated for each station as part of the index
development, but it may also be useful for evaluating and comparing entire reaches in
the CAWS. To do this, representative values had to be determined for each of the
major reaches. The basis for assigning values of each variable is summarized in Table
7-4. The values assigned to each reach for each variable are presented in Table 7-3.

Table 7-4: Basis for Determining Reach-Wide Values of Key Habitat Variables.

Habitat Varlable

Basis tor Determining Variable Value

Maximum channel depth

Determined from reach bathymetry

-channel bays

Calculated as 2008 aver: e of stations in reach

Vertical wall banks

Measured using bank video, in conjunction with GIS

Riprap banks

Measured using bank video, in conjunction with GIS

Manmade structures

De rmined from CAWS bank video

Macrophyte cover

Calculated as 2008 average of stations in reach

Percent overhanging
vegetation

Length of riparian overhanging veg. for entire reach
determined by inspection of bank video and recorded in
GIS. Depth of overhang calculated as 2008 average
measured at stations in each reach

Bank pocket areas

Calculated as 2008 average of stations in reach,
validated using bank video

Large substrate — shallow

Calculated as 2008 average of stations in reach

Large substrate — deep

Calculated as 2008 average of stations in reach

Org_anic sludge

Calculated as 2008 average of stations in reach
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Table 7-5: Values of Key Habitat Variables Assigned to Major CAWS Reaches.

Maximum off-Chanpnel Verleal Riprap Manmade Macrophyte | Owerhanging Bank Large Large Organle

Channel Bays wall Banks (%) Structures Caver [%) Vegetation Pocker Substrate | Substrate Sludge

Depth (ft) Banks (%) (average & (%) Areas - = Deep (%)

per 400 m Shallow %)
reach, 1 (X)
significam
fgure)

Reach
Upper North Shore
Channel (North of a 2 0 0 1 S 33 0 20 0 0
North Side WRP)
Lower North Share
Channel 12 2 0 7 2 11 30 3 21 4 0
Uppeér Narth Braneh
Chicago River 12 2 9 53 2 0 25 15 85 0 0
{North of Addison)
Lower Novth Branch
Chicago River 13 5 20 18 1 0 5 6 7 2 S
{South of Addison)
Chicago River 21 8 97 0 1 0 0 0 19 0 6
South Branch
Chicago River 23 7 S0 4 2 0 0 S 1 9 6
Bubbly Creeik 13 1 35 3 2 0 8 9 5 5 48
Chicago Sanitary
snd Shi Conal 26 4 59 5 2 1 5 12 24 3 7
Cal-Sag Channel 16 2 138 53 2 0 5 12 24 5 9
Little Calumet River 15 6 5 17 1 1 6 17 B 26 q
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Using the CAWS habitat index equation presented in Section 7.3 and the values
presented in Table 7-5, the CAWS habitat index score for each major reach can be
calculated. As mentioned in the preceding section, the raw values of the index were
used for station-by-station scoring during index development, but for scoring of
reaches and for other applications, the index is normalized to a scale of zero to 100.

The normalization process was performed by assigning probable worst case and best
case values to each habitat variable and calculating the resulting index values. For
variables that are unlikely to change in the CAWS, such as maximum depth, the
existing range of values was used to establish the worst and best cases. For bank
condition variables, a range of zero to 100% was used because these variables could
possibly be altered beyond what presently exists at a given location in the CAWS.
The worst case and best case values and the calculated index scores are presented in
Table 7-6.

Table 7-6: Worst Case and Best Case Values Assigned to Habitat Variables for
Normalization of CAWS Habitat Index.

Variable Transformed Transformed
Value Value
Value Worst Value Best
Case Case
Constant: 12.8 12.8
MAX_DEP 26 9.91 6 0.38
OFF _CH_BAY 0 0 9 2.37
BNK_WALL 100 3.19 0 0.00
BNK_RIPRAP 100 512 0 0.00
MAN_MADE_STRUC 4 9.75 0 0
MCRPH_CHAN 0 0 13 2.78
PER_COV_ALT 0 0 33 33
BANK_POC_AREA 0 0 20 1
BIG_S 0 0 85 0.43
BIG_D 0 0 30 0.15
CAWS_ORGSLG 48 3.84 0 0
Raw CAWS Habitat Index: -19.01 22.45
Final CAWS Habitat Index: 0 100

After assigning worst case and best case values to each variable, the values were

transformed using the transformations shown in the regression equation and summed
to obtain a RAW index score (-19.01 to 22.45). The final index value was calculated
by adding the minimum score (19.01) to the raw index, dividing that by the range of
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raw values (22.45 — (-19.01) = 41.46), and multiplying by 100. The results are
summarized in Table 7-7 and depicted in Figure 7-2.

100.0 T
390.0
80.0 ‘—
70.0
:
(%]
= 60.0 J— J— —_
[
h-]
£ [
® 50.0‘4‘ -
k=
)
[«
z
w400 - — -
3
30.0 — — — — -
|
200 — — — -
10.0 — — _ — — — _— — -
Upper Lower Upper Lower Chicago South Bubbly Chicage Cal-Sag Little
North  North  North  North  River Branch Creek Sanitary Channel Calumet
Shore  Shore Bsanch Branch Chicago and Ship River
Channel Channel Chicaga Chicago River Canal
(North of River River
North {North of {South of
Side WRP) Addison) Addison}

Figure 7-2: Results of CAWS Habitat Index Scoring for Major CAWS Reaches.
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Table 7-7: CAWS Habitat Index Scores for Major Reaches.

CAWS Habitat
Reach Index Score
North Shore Channel North of North Side WRP 75.2
North Shore Channel South of North Side WRP 60.4
Erth Branch Chicago River North of Addison 49.1
North Branch Chicago River South of Addison 46.9
Chicago River 45.0
South Branch Chicago River 33.8
Bubbly Creek 37.4
Chicago Sanitary and Ship Canal 33.8
Cal-Sag Channel 37.1
Little Calumet River 524

7.5 POTENTIAL LIMITATION OF THE CAWS HABITAT INDEX

The CAWS Habitat Index (CHI) described above will provide a reasonable measure
of physical habitat quality 1n the CAWS, to the extent that such a relationship can be
developed with existing data. However, it is recognized that the data used to develop
this index can be improved. Specifically, data were not available to adequately
evaluate underwater habitat conditions in the CAWS, such as the presence of
submerged structures. Because much of the system is maintained for navigation and
effluent conveyance, large structures like fallen trees are routinely removed.
Nonetheless, limited investigation during this Study using side scan sonar revealed
the presence of some large woody debris and other submerged structures that might
provide in-stream cover for fish. However, lacking sufficient data on submerged
structure, it was not possible to evaluate its potential importance to fish in this Study.
Further investigation of the potential for side scan sonar or some other remote sensing
technology to observe and quantify the presence of submerged structure in the CAWS
is recommended.

In spite of this limitation, the index presented here is useful in better understanding
the relative differences in physical habitat in the CAWS.
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8. SUMMARY OF CAWS HABITAT EVALUATION

The data and analyses described in the preceding sections were used to conduct a
comprehensive evaluation of physical habitat in the CAWS. The evaluation
documented in this Study is summarized, including major conclusions.

8.1 MAJOR CONCLUSIONS

Several major conclusions are supported by the work conducted in this study,
including the following:

Aquatic habitat is inherently limited in the CAWS by the system’s form and
Junction. Habitat in the CAWS is significantly limited by the design of the
CAWS, most of which is manmade. The manmade reaches of the CAWS were
built to support wastewater effluent conveyance and commercial navigation.
The reaches that were once natural streams have been heavily modified to
serve these purposes and the changes are unlikely to be reversed as long as the
CAWS needs to serve these functions. The form and uses of the CAWS
impose severe Jimitations on physical habitat in the systern.

Physical habitat is relatively more important to fish in the CAWS than
dissolved oxygen. When key physical habitat vadiables and dissolved oxygen
metrics are statistically compared to fish data collected between 2001 and
2008 in the CAWS, it is apparent that habitat is much more important to fish
than dissolved oxygen. Multiple linear regression shows that the dominant
habitat variables identified in this study had an r-squared of 0.48 with fish,
indicating that these habitat variables explain as much as 48%, or about half,
of the variability in the fish data.

Explaining approximately half of the CAWS fish data variability is
excellent, considering the natural variability in the fish data itself. As stated
above, about half of the variability in fish data in the CAWS is explained by
physical habitat, in particular certain key habitat variables identified in this
study. Of the half of fish data variability not explained by the key habitat
variables, most is explainable by natural variation in the fish data from one
sampling event to another at each location. In other words, fish samples
exhibit large temporal variability at any given location in the CAWS and
when the portion of fish data variability not explained by habitat is statistically
analyzed, it is most related to the variation at sampling locations over time,
independent of habitat changes.

Dissolved oxygen is relatively poor at explaining variability in fish data in
the CAWS. Dissolved oxygen does not, for the most part, have a statistically
significant relationship with fish in the CAWS. Various measures of dissolved
oxygen were tested, including compliance with existing and proposed water
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quality standards, average and minimum DO, and percent of time below
various DO concentration thresholds. The strongest relationship identified
between any of these metrics and the fish data had an r-squared value of 0.27,
which is about half as good as the key habitat variables identified in this
study. All other DO measures tested had r-squared values significantly lower
than this. This indicates that physical habitat, not water quality, is the most
limiting factor for fish in the CAWS today.

Some further elaboration on these conclusions is provided in the sections below.

8.2 SUMMARY OF KEY HABITAT VARIABLES

The process described in Sections 6 and 7 of this report used fish and habitat data
collected from throughout the CAWS to identify the physical habitat variables most
closely correlated with fish metrics in the CAWS. Those variables are:

o Maximum depth of channel

s Off-channel bays

e Percent of vertical wall banks in reach
e Percent of riprap banks in reach

¢ Manmade structures in reach

e Percent macrophyte cover in reach

Many of these key habitat variables are the result of the major functions that the
CAWS serves. Channel depth, vertical wall banks, and riprap are all the result of the
need to support commercial navigation, effluent conveyance, flood control, or all
three. Other habitat variables are so uniformly absent or of such uniformly poor
quality in the CAWS as a result of the origin, design and function of the CAWS that
they do not register as important. These include habitat attributes that are normally
important in natural systems such as substrate, in-stream cover, floodplain
connectivity, and morphological variation.

Using multiple linear regression analyses, the key habitat variables listed above were
able to explain 48% of the variability in fish data collected from the CAWS from
2001 - 2007. Additional analyses described in Section 7.5.2 show that most of the
variability in the 2008 fish data not explained by these physical habitat variables was
attributable to variability in the fish sampling results. DO was also shown to be
relatively less important in explaining fish data variability than these key habitat
variables.
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8.3 RELATIVE IMPORTANCE OF PHYSICAL HABITAT IN THE CAWS

As stated above, the regression analysis presented in Section 6.3.3 shows that
physical habitat alone can explain up to 48% of the variance in fish data collected in
the CAWS from 2001 -~ 2007, which is significantly better than can be accomplished
by evaluating water quality alone. In the analysis presented in Appendix C, the DO
metric most highly correlated with fish data only had an r-squared of 0.27, meaning
that DO alone can only explain 27% of the variability in the same seven years of fish
data. Other important findings include:

e Of the 52% of fish data variability that is not explained by these physical
habitat variables, as much as 70% of it can be explained by variation in fish
sampling results from year to year. This means that the fish measured at a
location can vary significantly from one sample event to the next and that this
will lead to an inherent variability in the data that cannot be explained by
changes in independent variables such as habitat or water quality.

e The percent of time that DO is less than 5§ mg/L at a given station in the
CAWS from June through September, which was the water quality metric
most closely correlated with fish, explains approximately 3% of the 52% of
the fish data variability that is not explained by the six key physical habitat
variables.

o When the key DO metric is included with the six key habitat variables in the
regression with fish data, the ability of the regression to explain variability in
fish data is only increased by 4% over using habitat alone.

All of these findings indicate that physical habitat is relatively more important than
water quality to fish in the CAWS,

8.4 OTHER RELEVANT HABITAT CONSIDERATIONS

It should be noted that, while the analysis conducted in this study led to the
identification of key habitat variables, it is very much a data-driven analysis and
although two separate data sets were used for the quantification of the relationship
between habitat and fish, and the testing of that relationship, there are almost
certainly other habitat factors that are or could be of value to aquatic life in the
CAWS. These may include the following:

e Submerged structure: As discussed elsewhere in this report, no complete data
on submerged structure were collected in this Study, although pilot testing of
side s can sonar indicates that there may be value in using that technology to
image subsurface conditions and identify submerged structure. If submerged
structure can be quantified and if there is sufficient submerged structure in the
CAWS to support statistical analysis, it may be possible to identify a
relationship between submerged structure and fish in the CAWS.
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Off-channel habitat: Because of the channelized, constructed, and urban
nature of the CAWS, there is little connected, off-channel] habitat. Such areas
can provide habitat for different life stages of fish as well as refuge. In the
CAWS, they may provide shelter from boat wakes. In the general absence of
such features, it is not possible to evaluate their potential value to aquatic life
in the CAWS at present, because insufficient data exist.

Navigation: Although there are insufficient data at present to quantify the
specific effects of navigation on fish in the CAWS, the impacts almost
certainly are occurring and cannot be ignored. Further research would be
required to document and quantify these impacts, but navigation clearly
presents significant limitations to aquatic biota in the CAWS, both through
limitations imposed on physical habitat and through direct effects. The
channel design/modification to support navigation presents significant
limitations to the habitat improvement potential in the CAWS.

While these and other aspects of physical habitat are not represented in the CAWS
habitat index, it does not mean that they are not important, it simply means that they
either are not present in sufficient quantity within the CAWS or have not been fully
measured to date.
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APPENDIX A:

REPORT ON FISH METRIC SELECTION FOR THE CAWS
HABITAT EVALUATION AND IMPROVEMENT STUDY
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