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1.0 INTRODUCTION

This appendix describes the data analyses supporting the benthic survey conducted in
Subwatersheds 16 and 18, and provides the raw data from the collection. The benthic survey
was conducted in late October, 1996. The survey resulted in collections from 37 spatially-
distinct locations (Mainstem Credit, 11 sites; Credit tributaries, 3; Mainstem Caledon Creek, 7;
Caledon Creek tributaries, 15). The survey used a traveling kick technique with fine mesh to
capture benthos, sampling all microhabitats within stream reaches. The technique has been
demonstrated to result in benthic collections that provide information pertinent to predicting the
condition of fish at a site (Kilgour, 1997).
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2.0 METHODOLOGY
2.1 Collections

Between October 23 and November 1, 1996, over 50 stream locations were visited (Figure 2.1).
Survey locations were selected, in part, on the basis of underlying geology (Credit Valley
Conservation et al., 1997), but also in an attempt to characterize all of the main tributaries to both
the mainstem of the Credit River as well as Caledon Creek.

At 37 of those locations, qualitative samples of macrobenthic invertebrates were collected using
methods similar to those described in Lenat (1988) and Barton (1996). Kick nets (500 um mesh)
were used to collect material from all microhabitats (riffles, pools, margins, macrophytic and
trailing vegetation, leaf packs, undercut banks) in proportion to areal occurrence, then washed in
the net to remove fine sediment and mix the material from each microhabitat. Larger stones and
coarse detritus were discarded and a portion (about 400 ml) of material retained by the net was
preserved in 5-7% buffered formalin. The total time required to collect a sample at a site was
about 15 minutes.

After benthos were collected, a variety of habitat elements were characterized. Stream water
temperatures were recorded with a mercury filled thermometer. Average stream width was
determined by measuring width at up to 10 transects between crossover points (Stanfield et al.,
1997). At each transect, depth and hydraulic head were also recorded to provide data for
calculating average depth and hydraulic head for the reach between crossovers (Stanfield et al.,
1997). At one of the crossovers, pavement and subpavement particle sizes were also determined
following Stanfield et al. (1997). These data will be used for modeling purposes during the
prediction phase to evaluate the potential for changes in benthic communities given changes in
land use characteristics.

23 Laboratory Protocol

In the laboratory, benthic samples were washed using 250 um mesh to remove excess formalin.
Samples were scanned under 6-10x magnification. The first 200+ organisms were removed and
re-preserved in 70% ethanol prior to identification. Invertebrates were identified and enumerated
at the lowest practical taxonomic level using existing keys and literature (Morton and Gale,
1989). Hirudinea, Naididae and Tubificidae (Oligochaeta), Gastropoda, Crustacea, and some
Ephemeroptera, Plecoptera, Trichoptera and Chironomidae were identified to species. Other
animals were identified to genus or family. Dr. David Barton (University of Waterloo) identified
the Oligochaeta, while Mr. William Morton (Invertebrate Taxonomic Services, Guelph, Ontario)
was retained to confirm organisms in a reference collection from this study. Resulting data
(abundances of each taxon at each site) were entered into a Quattro spreadsheet and are
presented in Attachment A.
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23 Data Analyses

The objective of data analysis was to determine the suite of indices or descriptors that could be
used to summarize variations in composition of the benthic invertebrate community data. To
start, two general indices of community composition were calculated. The first was total taxa
richness or the number of distinct taxa at a site. The second was the Hilsenhoff Biotic Index
(Hilsenhoff, 1987, 1988). The calculation for Hilsenhoff's Biotic Index is:

=25y
n

where x; is the abundance of taxon i, #; is the tolerance value for taxon i, and # is the total number
of individuals in the sample. Tolerance values (f) for the index were based on a weighted
average of taxa abundances across a set of sites varying in nutrient status (Hilsenhoff, 1988).
Organisms with a tolerance value of 1 are considered sensitive to high organic loads while
organisms with a tolerance value of 10 are considered tolerant of high organic loads (tolerance
values vary between 1 and 10).

Other calculated indices included:

e EPT richness, or the number of taxa belonging to the insect orders Ephemeroptera (mayflies),
Plecoptera (stoneflies) and Trichoptera (caddisflies); and,

e EPT/CHIR, or the ratio of the abundances of EPT taxa and Chironomidae.
The indices above are commonly used in water quality assessments (Plafkin et al., 1989).

Apart from the calculation of the biotic indices like the Hilsenhoff index, composition of a
benthic community can be quantified using either individual taxon abundances or the abundances
of various functional guilds. Summarizing variations in abundances of taxa is conventional,
whereas summarizing variations in functional guilds has the potential to provide information on
the underlying cause of benthos-landuse relationships (Rooke and Mackie, 1982; DFO and EC,
1995; Kilgour et al., 1996). This analysis examined variations in both taxa abundances and
abundances of guilds.

For the analysis of guilds, organisms were classified into the functional groups given in Table
2.1. Typically, functional group analysis of benthos has utilized information on functional
feeding groups only (e.g., Cummins, 1995). Such functional feeding groups have been used to
determine the underlying causes of variations in benthic community composition. For example,
a community dominated by scrapers indicates a stream that is enriched by dissolved nutrients. In
contrast, a stream dominated by deposit feeders suggests that the stream may be influenced by
excessive suspended solids (Cummins, 1995). The addition of the various functional guilds in
Table 2.1 was based on studies by Europeans (e.g., Dolédec and Statzner, 1994), and expands
our ability to interpret causes of variation with benthic invertebrates. For example, stable
streams with predictable variations in environmental conditions will have a set of taxa with long
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lifespan and large size. Streams that have had impacts will tend to loose long lived, large taxa
without winged dispersal strategies.

To analyze variations in both taxa abundances and guilds, multivariate ordination methods were
used. Ordination methods take community data sets that consists of several taxa (or functional
groups), and reduces them down into two or three derived indices (axes) that describe the major
variations in composition. Each axis can be thought of as an index that describes a unique type
of variation in community composition. For each axis, each site is given a score, much like an
index score. Sites with similar scores on each axis have similar types of organisms, while sites
with very different scores have different types of organisms. Each axis can also be treated like
any other index when attempting to determine causes of variation. For example, to determine if
in-stream habitat descriptors or land use variables caused variation in benthic community
composition, we could use the site scores for each axis in a regression technique in the same way
we would with any other index.

In this analysis, two different ordination methods were used. Variations in taxa abundances were
analyzed using Detrended Correspondence Analysis (DCA), while variations in functional group
composition were summarized using Principal Components Analysis (PCA). The selection of
DCA and PCA for the two different sets of data was made based on the length of the dominant
ecological gradients (see ter Braak, 1992). Both DCA and PCA are commonly used methods for
the analysis and interpretation of multi-species community data and are effective techniques for
summarizing variations in composition. DCA and PCA were performed using CANOCO
software (ter Braak, 1992).

Table 2.1: Functional Guilds into which Benthic Organisms were Classified.
Code Category Definition
Fecundity
f1-10 1-10 eggs per female
f10-100 10-100 eggs per female
£100-1000 100-1000 eggs per female
£1001 >1000 eggs per female
Lifespan
yr<l lifespan < 1 year
yr lifespan . 1 year
yr>1 lifespan > 1 year
Diapause
nodiap no diapause
Phase | Report - Characterization 5
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Code Category Definition

sumdiap summer diapause

windiap winter diapause

Length

len5 <5 mm

len5-10 5-10 mm

len10-20 10-20 mm

len20-40 20-40 mm

len40-80 40-80 mm

len80 > 80 mm

Feeding

gath gatherer consumes detritus, engulfs
sediment

pred predator consumes other animals

scrap scraper scrapes algae from hard
substrate

filt filterer filters suspended particles from
water column

shred shredder consumes leaf (allochthonous)
material

pier piercer pierces living plant tissues

Temperature

cold prefers temperatures # 22 EC

cool can tolerate temperatures 22-25
EC

warm can tolerate temperatures 3 26
EC

Current

limnob limnobiontic characteristic of standing water

only

Phase | Report - Characterization
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Code Category Definition

limnoph limnophilous characteristic of standing water
but can be found in running
water

indiff indifferent indifferent to current

rheop rheophilous characteristic of running water
but may be found in standing
water

rheob rheobiontic characteristic of running water
only

Substrate

epip epipelic occurring on (or in) mud

epis episabulic occurring on (or in) sand

epil epilithic occurring on (or under) rocks
or cobble

epix epixylous occurring on (or burrowing
into) wood

Reproductive

Period

winter

spring

summer

fall

Attachment

free free living

perm permanently attached to a hard
substrate

Orientation

buried buried into substrate

surface lives on top of substrate

pelagic lives in the water column
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Code Category Definition

Tolerance to

Pollution

low sensitive to organic pollution

med moderate tolerance to organic
pollution

high high tolerance to organic
pollution

Dispersal

wings winged dispersal stage as an
adult

no wings no winged dispersal stage as an
adult
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3.0 RESULTS AND DISCUSSION

Figures 3.1 and 3.2 show the results from the DCA of the taxa abundances, while Figures 3.3 and
3.4 show the results of the PCA of the guild abundances. Table 3.1 provides some of the
diagnostic statistics for the two ordinations. These two analyses resulted in similar associations
among stations. Large (>5 m wide; mainstem of the Credit) stream stations tended to have
higher proportions of taxa that were characteristic of cold/cool water with high water quality,
were shredders or scrapers and were more often found in running water. In contrast, the majority
of the tributary, small (< 5 m wide) stream stations had taxa that were more characteristic of slow
moving water, were tolerant of warm water and poor water quality, and were generally gathering
type feeders (Figure 3.3). Similar associations among stations were obtained with the ordination
of taxa abundances (Figure 3.1) with good separation between the mainstem stations and
tributary streams. Tributary streams were characterized by pollution tolerant organisms such as
Chironomus, Nematoda, Lumbriculidae and Enchytraeidae. Lumbriculidae and Enchytraeidae
are also common in headwater streams that are periodically dry.

In addition to the four indices calculated for each site (i.e., Biotic Index, Richness, EPT
Richness, EPT/CHIR), the DCA and PCA ordinations provided an additional set of 6 indices
(i.e., DCA axes 1, 2 and 3, and PCA axes 1, 2 and 3). To determine if these indices provided
unique and non-random information, the variations in benthic indices were determined with an
additional PCA. In this case, the PCA essentially summarizes the correlations among the various
indices of benthic commmunity composition. Those indices that provide similar information
about composition will be correlated with similar PCA axes. Those indices that provide unique
information will tend to be correlated with axes that other indices are not.

The PCA can also determine which variables contribute "non-random" information. Associated
with each PCA axis is an eigen value that is a measure of the amount of variation that the axis
accounts for in the total variation in index scores. Under the "Broken-Stick Model", we can
determine how many PCA axes are describing non-random variation (Joliffe, 1986). Table 3.1
summarizes the PCA results. Under the broken-stick model, only the first PCA axis contained
significant variation. The other two axes described variation that was considered random by the
broken-stick model. Consequently, only those compositional indices associated with the first
PCA axis need to be considered further. What is interesting from this analysis is that the simple
indices (i.e., taxa richness, Hilsenhoff's Biotic Index, EPT richness and EPT/CHIR) as well as
the indices derived using the full multivariate ordination methods (i.e., DCA Axis 1 for taxa
distributions and PCA Axis 1 for functional guilds), were all correlated with the first PCA axis.
This finding suggested that there was a single dominant, and obvious gradient in benthic
community composition. As a result, a single descriptor of community composition was
justified for further analysis (i.e., modeled with the landuse and in-stream habitat data). For the
purpose of simplicity, the next stages of analyses used the Hilsenhoff Biotic Index. Variations in
Hilsenhoff index values are described in detail in the main characterization report. As part of the
prediction phase, relationships between the Hilsenhoff index values and habitat, landuse
variables and hydrologic indices will be determined. Such relationships will be used to predict
the nature of changes in benthic community composition with changes in landuse.
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Table 3.1: Correlation Between Benthic Community Indices with PCA Axis Scores.

Index PCA axis 1 PCA axis 2 PCA axis 3
Richness 0.808 -0.374 0.321
Hilsenhoff -0.841 -0.247 0.271
EPT Richness 0.918 -0.105 0.051
EPT/CHIR 0.634 0.697 0.146
PCA Axis 1 -0.909 0.151 0.276
PCA Axis 2 -0.306 -0.639 -0.457
PCA Axis 3 -0.088 0.542 -0.573
DCA Axis 1 -0.872 0.337 -0.138
DCA Axis 2 0.359 0.007 -0.737
DCA Axis 3 0.092 0.328 0.361
% variation 443 16.4 15.1
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Attachment 1

Abundance of Organisms from Each Station
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Attachment 2

Abundance of Organisms in Each Functional Category
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