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SUMMARY
This study addresses the findings of the Lower Deschutes River Macroinvertebrate and Periphyton Study
released in 2016 by R2 Resource Consultants, Inc. (Nightengale et al. 2016) for Portland General Electric
(hereafter called the PGE report). The purpose of the PGE study was to evaluate the effect of surface
water withdrawal operations at the Round Butte Dam complex (from here forward referred to as the
Dams) on the stream macroinvertebrate community above the Dams (above Lake Billy Chinook) and
below the Dams (the lower Deschutes River). The authors of the PGE report found no major difference
in the macroinvertebrate community either above or below the Dams after surface water withdrawal
operations began. The methodology employed in the PGE study for evaluating the macroinvertebrate
data was based on a comparison of several common invertebrate community metrics such as percent
mayflies, stoneflies, caddisflies, functional feeding groups, and abundance of specific taxa, but did not
use ordinations to examine the macroinvertebrate community as a whole in the lower Deschutes before
and after surface water withdrawal operations were implemented.
In this study, I used a widely-accepted statistical technique for evaluating macroinvertebrate assemblage
to examine the macroinvertebrate community before and after surface water withdrawal operations
were implemented. The results of my analysis indicate that the macroinvertebrate community below
the Dams changed significantly after surface water withdrawal was implemented (samples collected
2013-2015) when compared to the macroinvertebrate community before surface water withdrawal
operations began (samples collected 1999-2001). The macroinvertebrate community present after
surface water withdrawal contained more non-insect taxa, such as worms and snails, and other taxa that
are tolerant to poor stream conditions and less mayfly, stonefly and caddisfly taxa that are sensitive to
poor stream conditions.
INTRODUCTION
Background information
In 2016, the Lower Deschutes River Macroinvertebrate and Periphyton Study Report was released by R2
Resource Consultants, Inc. (Nightengale et al. 2016) for Portland General Electric. One of the main
objectives of the PGE study was to “evaluate changes in abundance and taxonomic condition of benthic
macroinvertebrates and periphyton downstream from the Pelton Round Butte Project following
implementation of surface water withdrawal (SWW) operations” (PGE Report, pg. 20). To this end,
benthic macroinvertebrates were collected in 2013 through 2015 and compared to samples collected in
1999 through 2001 before SWW operation began. Data analysis in the PGE study focused on traditional
macroinvertebrate taxonomic measures (i.e. density, richness), functional metrics (i.e. feeding guilds) as
well as analysis of the macroinvertebrate assemblage data.
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The data contained in a sampled assemblage consists of a list of the taxa found and their abundances.
The analytical approach of the PGE study used a wide range of statistical techniques including both
univariate and multivariate techniques. The findings of the PGE study “did not identify large changes in
the macroinvertebrate community before and after SWW implementation but seasonal changes in
community composition were apparent” (PGE Report, pg 3).
The statistical approach used in the PGE study was misapplied in two important aspects. First, the study
used a technique known as Principal Components Analysis (PCA) to create ordinations. PCA-based
ordinations are not an appropriate method for macroinvertebrate assemblage data because the
numerous zeros present in macroinvertebrate data cause distortion on ordination space (Beal 1984,
McCune and Grace 2002). Second, the PGE study did not use ordinations to evaluate the
macroinvertebrate assemblage prior to the change in SWW operation. In the PGE study, ordinations
were used only to evaluate the post-SWW macroinvertebrate assemblage and did not include any of the
pre-SWW assemblage data. This is important because without this analysis of the macroinvertebrate
assemblage before the change in SWW operation, it is not possible to determine if the post-SWW
macroinvertebrate assemblage is statistically different than the pre-SWW macroinvertebrate
assemblage.
Study overview
The objectives of this investigation were to: 1) characterize the macroinvertebrate assemblage
before and after SWW operations; 2) determine if the post-SWW macroinvertebrate assemblage was
statistically different from the pre-SWW macroinvertebrate assemblage; and 3) use two metrics to
examine the change in pollution tolerance of the macroinvertebrate community before and after SWW
operations. The analytical approach of this study is based on well-known techniques commonly used in
the analysis of stream macroinvertebrate data. Data for this analysis were obtained directly from the
tables included in the PGE report.
METHODS
Methodological overview
In this study, a statistical technique called ordinations was used to display and explore
macroinvertebrate assemblage data. Ordinations of invertebrate assemblage allow for the visualization
of macroinvertebrate community as a “map” where each sample of assemblage data is displayed as a
single point. In the ordination, points that are close together indicate macroinvertebrate communities
that are similar to each other, whereas points that are far apart on the ordination represent
macroinvertebrate communities that are relatively different. Using ordinations, I conducted an
exploratory analysis using a visual-display technique called bubble plots to compare the general
characteristics of the macroinvertebrate community before and after commencement of SWW
operations. Bubble plots are symbols on the ordination that illustrate the size of a particular
characteristic of the macroinvertebrate community, for example the percentage of predators in a
sample. This was accompanied by a statistical test to determine if the downstream assemblage (below
the Dams) after the SWW operation was significantly different from the pre-SWW assemblage (above
the Dams). And finally, I used a paired t-test to statistically evaluate the change in two pollution
tolerance metrics before and after SWW operations.
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Data organization
Macroinvertebrate data were extracted from the PGE report using Acrobat DC. Data were organized in
Excel and checked against the tables in the PGE report (Nightengale et al. 2016). To account for
differences of taxonomy and lab processing in the pre and post-SWW data, a conservative approach to
taxonomic harmonization was used. This was achieved by rolling up taxon to the coarsest taxonomic
level (i.e. Oligochaeta) utilized in each data set and dropping taxa not typically used in bioassessments
(e.g. Manayunkia speciose, Urnatella gracilis and Meiofauna such as Ostracoda). Both Manayunkia and
Urnatella are difficult to accurately count in a typical stream benthic sample. Meiofauna are too
small for a typical aquatic collecting-net and are found in bioassessment samples mainly as a bycatch. Taxonomically redundant family-level taxa were also removed if they were not present in
both pre and post SWW samples. Appendix 1 lists the taxa used in this analysis. Macroinvertebrate
count data were converted to relative abundance and square root transformed to minimize the
influence of highly abundant taxa (Heino 2008).
Data for this analysis consisted of samples from 3 sites above the Dams and 8 sites below the Dams.
Each site was sampled four times; twice before SWW operations and twice after SWW operations.
Samples were collected each spring and fall in 1999 through 2001 (pre-SWW) and again in 2013 through
2015 (post-SWW) thus generating paired samples for each season before and after SWW operations
(Figure 1). Only data from sites sampled both before and after SWW operations (sites: 1, 1S, 3, 5S, 7S, 9,
10, 12 ME, CR, DE) were used in this analysis. Macroinvertebrate samples were not collected in 2001 at
Site 12, so only the data at Site 12 from 1999-2000 and 2013-2015 were included in this analysis. See
PGE report for site location information and descriptions.
Exploratory analysis
Exploratory analysis of macroinvertebrate assemblages was conducted by examining ordinations of the
relative abundance of taxa collected in each sample for all sites above and below the Dams and before
and after SWW operations. Using ordinations to characterize the macroinvertebrate assemblages is the
standard analytical approach for the type of data collected for the PGE report (Beals 1984, Legendre and
Legendre 1998). Ordinations were plotted for all samples for each season (spring and fall) and for each
sample habitat type (deep and shallow). Ordinations of macroinvertebrate relative abundance were
generated using Non-Metric Multidimensional Scaling (NMDS) based on Bray-Curtis dissimilarities.
NMDS is a technique that examines the overall similarity of a biologic assemblage among samples in an
ordination. NMDS is often used with macroinvertebrate data because it tries to preserve the inter-site
dissimilarities and thus better represents species dissimilarities (Legendre and Legendre 1998, McCune
and Grace 2002).
Bubble plots were used to visually display different characteristics of the macroinvertebrate community
in the ordinations. Bubble plots of the percentage of each major order, each feeding group and the
general pollution tolerance were plotted in the ordinations. The size of the circle (i.e. bubble) in the
plots is scaled to show the percent of the characteristic displayed in the ordination. The absence of a
bubble indicates a zero value for that particular characteristic.
To determine if the macroinvertebrate assemblage composition shifted towards more pollution tolerant
taxa, two pollution-tolerance metrics were evaluated (Waite et al 2010). The metrics, called percent EPT
richness (EPTr) and richness tolerance (RICHTOL), have been used in an ecological setting similar to the
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Deschutes system (Blue Mountains of eastern Oregon). EPTr is the percentage of the total
macroinvertebrate richness (i.e. number of species) that is mayflies (E), stoneflies (P) and caddisflies (T).
RICHTOL is the mean pollution tolerance value for each sample based on the taxa present. Tolerance
values (Appendix 2) were assigned using the values found in Whittier and Van Sickle (2010).
Statistical Analysis (See “Definitions” at end of report for more explanation of statistical terms)
Statistical analysis was conducted for the assemblage groups displayed on the ordinations and the
pollution metrics (EPTr and RICHTOL). Assemblages were statistically evaluated using dissimilarity
matrices with each site considered to be an independent sample. Dissimilarity matrices were statistically
evaluated using a permutation-based technique to sample groupings using the mean dissimilarities
matrices for each site and tested grouping (PERMANOVA as implemented in the ADONIS package of the
R statistical language, Anderson 2001). ADONIS was used to test Bray-Curtis dissimilarities between and
within sites to determine if the assemblage was significantly different between downstream sample
groups defined by habitat, season, and before and after SWW operations. ADONIS was used because it
could accommodate the repeated sampling of the same sites when testing for between-group
differences.
The mean assemblage dissimilarity matrices for each downstream site in post-SWW data were
compared using ADONIS and treating the sites as blocks. Due to low sample size and the high variability
in dissimilarity, the three upstream sites were not included in the ADONIS analysis. For the downstream
sites, the same strategy was used for other grouping tests (season and habitat) in which the same sites
were sampled in both groups. The ADONIS function can only evaluate one sample per site, so a mean
dissimilarity matrix was calculated for the seasonal replicates: A (pre and post) and B (pre and post) for
the downstream samples (Figure 1). Replicate A included samples from the first year of pre-sww
sampling and from the first post-sww sampling year, while replicate B included samples from the second
pre and post years of sampling. This gave similar elapsed times (13 and 14 years) between the pre and
post years included in each replicate. For the statistical analysis of EPTr and RICHTOL, the mean value of
the paired samples (two spring and two fall) was used to compare pre and post samples for each, except
for site 12, which had only one spring and one fall sample collected in the pre SWW study. Due to the
one to five-mile distance between the downstream sites, macroinvertebrate samples were considered
independent. True sample independence and replication is difficult to achieve in ecological
investigations (Hurlbert 1984), particularly in tributary systems with large dams. However, other studies
involving upstream/downstream studies of dams have also assumed independence of the downstream
macroinvertebrate samples (e.g. Tiemann et al 2004). It is my professional opinion that samples here are
sufficiently independent for this analysis.
The difference in EPTr and RICHTOL between the pre and post-SWW samples was statistically analyzed
for each season using a conservative two-tailed paired t-test. For each yearly replicate above and below
the Dams, the mean EPTr and RICHTOL value was used to compare samples from the pre-SWW (n=7)
and post-SWW (n=8) sites. To reduce the possibility that the results I obtained were due to chance, I
applied a correcting factor to the data for each season so that the value for statistical significance (α =
0.05) was divided by two (corrected α = 0.025). This kind of correction is called a Bonferroni correction
and is standard practice in these kinds of analysis (e.g. Tiemann et al 2004).
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RESULTS
Exploratory Analysis
Exploratory analysis was conducted using macroinvertebrate data for all paired sites above and below
the Dams. Samples included 125 taxa from a wide range of invertebrate groups including insect and
non-insect taxa. Two-dimensional ordinations (stress ranged = 10-16) of the macroinvertebrate
assemblage based on relative abundance were produced for: 1) all sites above and below the Dams
(Figures 2A-D), 2) the paired downstream sites (Figures 3A-D and Figures 4C-D), and 3) the upstream
sites (Figures 4A-B). Ordinations showed the macroinvertebrate assemblage at the upstream and
downstream sites generally varied along NMDS axis 1 for both the fall and spring samples (Figures 2A-D).
Downstream assemblages varied seasonally along NMDS axis 2 (Figures 3A-B) but there were no
apparent patterns in the ordinations categorized by habitat (Figures 3C-D). This finding indicates that the
analysis should be conducted separately for each season but can be combined for both deep and
shallow habitat types. In the downstream sites, the macroinvertebrate assemblage between pre and
post-SWW samples varied along NMDS axis 2 in the Fall and NMDS axis 1 in the spring (Figures 4C-D). In
the upstream sites, there was no strong pattern observed between pre and post-SWW samples (Figures
4A-B).
Bubble plots and boxplots for the sites below the Dams showed that the proportion of the major orders
appeared to be different in the post-SWW samples. In both the spring and fall samples, the proportion
of stoneflies appeared to decrease (Figures 5C-D and 8B) in the post-SWW samples. In the spring postSWW samples, dipterans (Figures 6C-D and 8D) appeared to decrease while non-insects (Figures 7A-B
and 8E) appeared to increase. Bubble plots and boxplots of feeding group showed that shredders
appeared to decrease in both the spring and fall post-SWW samples (Figures 9C-D and 12B), scrapers
increased in the spring post-SWW samples (Figures 9A-B, 12A) and collector-gatherers appeared to
decrease in the fall post-SWW samples (Figures 10A-B, 12C).
Appendix 3A-D show boxplots of the mean transformed relative abundance for mayfly, stonefly,
caddisfly and non-insect taxa present in at least 10 downstream samples before or after SWW
operations. Appendix 4A-D lists the untransformed mean relative abundance of the same taxa.
Statistical analysis
The ADONIS results (Table 1) revealed statistically distinct assemblages between spring and fall samples
in both pre SWW (p = 0.02) and post SWW (p = 0.01) downstream samples, but no difference between
deep and shallow habitat. The difference between the pre and post-SWW assemblages in both spring
and fall seasons (Figures 4C-D, p = 0.01) at sites below the Dams was statistically significant. It should be
noted that the p-values calculated for the ordinations using ADONIS are vulnerable to variance in the
dissimilarities matrices and sample size. Ordinations with tightly clustered samples and low sample size
may be statistically unstable (i.e. Figure 2B). However, in the ordinations of the samples below the Dams
(Figures 3C-D), the variance in the ordinations and the sample size is similar, so the p-value is a more
accurate representation of the statistical characteristics of the ordinations.
The composition of the macroinvertebrate assemblage shifted towards more pollution tolerant taxa
below the Dams in all the post-SWW samples (Table 2). The mean EPTr value decreased in the postSWW samples in both fall (0.49 pre to 0.45 post, Figures 13A-B) and spring seasons (0.62 pre to 0.47
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post, Figures 13C-D), but the decrease was only statistically significant in the spring (Table 2). RICHTOL
showed significant increases in post-SWW samples for both fall (4.0 pre and 4.3 post, Figures 13A-B) and
spring (3.6 pre and 4.2 post, Figures 14C-D) (Table 2). In the samples above the Dams, the general
pollution tolerance did not significantly change, though the small sample size and high variance of the
data at the upstream sites reduces the statistical power to detect a change.
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DISCUSSION
Statistical analysis using NMDS ordinations showed that the post-SWW macroinvertebrate communities
below the Dams appeared to be significantly different from the pre-SWW communities in both seasons.
Exploratory analysis indicated the change in the macroinvertebrate communities was due to a shift
towards more non-insect taxa, more pollution tolerant macroinvertebrates and less EPT taxa. Analysis of
the EPTr and RICHTOL metrics showed the post-SWW community has significantly fewer mayflies,
stoneflies and caddisflies taxa in the spring samples and significantly more tolerant macroinvertebrate
taxa in the both the fall and spring samples.
It is not possible to determine the specific environmental factors that changed the macroinvertebrate
assemblages below the Dams after SWW operations without analyzing associated environmental data;
for example, basic water chemistry information, habitat conditions and flow data. However, the
observed changes in the EPTr and the RICHTOL scores are known to be associated with declining stream
condition in streams of eastern Oregon (Waite 2010) and the results of the ADONIS tests provide strong
evidence that the change in macroinvertebrate community was likely due to the start of SWW
operations.
The purpose of this analysis was to use ordinations to explore and compare the macroinvertebrate
communities before and after surface water withdrawal operations above and below the Dams on the
Deschutes River. The results of this analysis indicate the post-SWW macroinvertebrate assemblage
below the Dams is different than the pre-SWW macroinvertebrate assemblage. The lack of a
corresponding change in the macroinvertebrate community (EPTr and RICHTOL) above the Dams
indicate the observed change in macroinvertebrate communities downstream is likely not due to factors
such as differences in field sampling, lab processing or taxonomic issues. The lack of apparent change in
the upstream sites provides evidence that the downstream sites were not altered by factors
(environmental or sampling and lab procedures) other than the SWW operations. If such factors had
altered the downstream sites, then the upstream sites would have changed as well.
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DEFINITIONS
Bubble Plot: A visual display method that scales the symbols on an ordination to a characteristic of the
data; for example, the percent of predators in a macroinvertebrate sample.
EPTr: The total number of taxa that are mayflies, stoneflies and caddisflies expressed as a percentage of
the total richness for the sample.
Formula: EPTr = ∑ EPT richness / total richness
Dissimilarity Matrices: A data set containing the “distances” between assemblages; similar to a mileage
map where the distance between all cites in the map is represented by a “triangular mileage chart.” In
this study the distances are represented using the Bray-Curtis distance measures.
NMDS: Non-Metric Dimensional Scaling is a computational method used to create an ordination.
Ordination: A visual representation of data. In this study, ordinations were used to display
macroinvertebrate assemblage data in two-dimensional space. Points on an ordination that are close
together represent samples with macroinvertebrate communities are similar.
p value: A statistical value that ranges from 0-1 and is the probability that the mean of two data sets are
the same. A p-value less than 0.05 is considered to indicate the means are significantly different.
Relative abundance: Equals the percent abundance of an individual taxa relative to the total abundance
of invertebrates in the entire sample. Example: 10 individuals of taxa A in a sample with total of 200
invertebrates, the relative abundance of taxa A is 0.05, or 5%.
R statistic: Is a statistical value that indicates the strength of the differences between samples in an
ordination. The R statistic ranges from 0-1 and is used in an ANOSIM analysis to determine if groups of
samples in an ordination are statistically different. An R value of 0 indicates a random grouping of
samples in the ordination and an R value 1 indicates 100% dissimilarity of samples in an ordination.
Richness: The total number of different kinds of organisms. Richness is a commonly used metric in
bioassessment. Also called “total taxa” or “taxa richness.”
RICHTOL: The mean tolerance value based on each taxon present. Expressed as a mean value for the
sample.
Formula: RICHTOL = ∑ tolerance scores / total richness
Stress: Occurs when samples are displayed in an ordination. Stress is similar to the distortion of the
earth that can be observed on maps. Stress values over 20 indicate that the ordination does not
accurately represent the samples and should not be used in interpretation.
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