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ABSTRACT 

This annual report summarizes data collection and analysis results for the 2017 implementation 
of the Chelan River Macroinvertebrate Investigation (Chelan PUD 15-73). The results of this 
study are intended to provide a baseline for measuring success in meeting the Biological 
Objectives outlined in the Lake Chelan Settlement Agreement. We describe the biomass and 
taxonomic diversity of drift and benthic macroinvertebrate communities encountered in restored 
sections of the Chelan River in March and August of 2017, and compare these communities with 
upstream and downstream reference sites and other streams in the same ecoregion. We also 
evaluate inter-annual variability by comparing 2016 and 2017 results. We again found that the 
biological diversity of the benthic community in the restored sections of the Chelan River was 
generally comparable or greater than in the reference sections, but lower in taxa richness (B-IBI 
= 14-24) than regional comparison streams. The drift community was similar in biomass and 
diversity to regional comparison streams. Inter-annual variability was common across several 
metrics and spatial scales. Fieldwork and data analysis were completed by Terraqua, Inc., and 
laboratory and analytical support were provided by Rhithron Associates, Inc. for the Public 
Utility District #1 of Chelan County.   
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INTRODUCTION 

This study took place in the Chelan River, which drains Lake Chelan, WA (T27N R22E 
13; R23E 18-19, 29-30; Figure 1) into the upper Columbia River.  The Lake Chelan 
Hydroelectric Project (Dam; FERC No. 637) serves a dual purpose of generating power and 
regulating the level of Lake Chelan.  The Lake Chelan Settlement Agreement (SA; October 
2003) was developed during the FERC relicensing process for the Project.  The SA established a 
minimum flow of 80 cfs for the Chelan River, which had previously been dry from August-May 
in most years since the dam began operation in 1926, and called for habitat improvement features 
in an engineered “habitat channel” and the dam’s tailrace to provide spawning habitat in the 
lower river.  A number of criteria were established by the SA to measure components leading to 
success in achieving the Biological Objectives, including water quality requirements and 
standards for fish egg to fry survival.  Other monitoring and evaluation activities specified in the 
SA include fish population surveys and monitoring of benthic macroinvertebrate populations, 
which is the subject of this research project. 

Mandatory monitoring and evaluation activities that have been implemented through the 
SA track and document progress towards achievement of established Biological Objectives and 
provide information to inform adaptive management strategies.  The Biological Objective in 
Reaches 1–3 of the Chelan River is to create habitat to support a viable cutthroat trout population 
of 200 fish.  The Biological Objectives for the Habitat Channel and tailrace spawning areas are 
to provide spawning and rearing habitat for Chinook salmon and steelhead, to document that 
these fish are using the new habitat, and to show evidence that adult fish production (returning 
adults) originated from fish spawning in this habitat.   

Prior to this study, that began in 2016, the macroinvertebrate population structure in the 
Chelan River was previously unstudied, except for samples that were collected in the tailrace in 
1999.  Macroinvertebrate colonization of the upper river is probably limited to aerial 
colonization or downstream drift of invertebrates or material via spillway input from Lake 
Chelan, which may be dominated by taxa not suited to residence in riverine habitat.  The tailrace 
and Habitat Channel may be populated through all three possible routes: aerial colonization, 
downstream drift, and upstream dispersal.  Productivity in all reaches of the Chelan River may 
be limited by high summer stream temperatures, poor nutrient input from the highly oligotrophic 
Lake Chelan, and subject to periods of possible scouring during regulated spill.  Any 
macroinvertebrate population prior to initiation of minimum flows in October 2009 was likely 
eradicated seasonally when the river went dry.   

The goal of this project was to determine baseline condition of the benthic and drift 
macroinvertebrate population assemblage in the Chelan River. The study area encompasses the 
entire Chelan River excluding the gorge, which is considered poor habitat for macroinvertebrates 
and unsafe for researcher access.  The river was stratified into four primary areas of interest:  1) 
above the Lake Chelan Dam (0.75 rkm); 2) “Reach 1” (sub-stratified into upper, middle and 
lower sections) between the dam and the top of the Chelan River Gorge (3.45 rkm); 3) the 
engineered Habitat Channel located within “Reach 4” (0.55 rkm); and 4) the powerhouse tailrace 
near the Columbia River confluence (0.2 rkm) (Figure 1).  In the SA, the area above the Lake 
Chelan Dam and the powerhouse tailrace were specified as reference areas, while the restoration 



2017 Report Macroinvertebrate Investigation, Chelan River 

Prepared by Terraqua Inc. for PUD #1 Chelan County  9 

objective for Reach 1 and the Habitat Channel was to achieve a benthic community with 
comparable or greater density and species diversity than these reference areas. 

In Reach 1, water flows from Lake Chelan either through a low-level outlet structure or 
from the spillway.  The bed of this relatively low gradient (1%) section is primarily composed of 
large cobbles and small boulders, with smaller cobbles and gravels generally limited to the 
margins of the river channel.  This reach is moderately confined by hill slopes composed of 
glacial moraine deposits.  Most fine bed materials are flushed out of the river during annual spill 
events, but pockets of medium-sized cobble and small gravels exist in some areas.  Channel 
width through Reach 1 averages 28 m, and is primarily confined to a single channel except for a 
short (~640 m) braided section near the lower end of the reach.  Riparian vegetation is scarce 
throughout Reach 1, with the most significant stands of riparian cover existing along the braided 
section.   

The Habitat Channel is an engineered sinuous stream channel parallel to and upstream of 
the main tailrace.  It is watered by the mainstem Chelan River, but has supplemental flow 
pumped from the tailrace during peak salmonid spawning periods in the spring and fall.  
Substrate varies from large cobbles to small gravel and some areas of sands.  Riparian vegetation 
is thick, and primarily dominated by willows. 

The section of the Chelan River above the dam is backwatered and typically slow water 
velocity and depths >2 m.  Substrate is composed of small and large cobbles, gravels, sand and 
some fines.  The section of river below the tailrace and Habitat Channel contains similar 
substrate and depths, but is also influenced by eddy flows as it joins the Columbia River.  It is 
primarily watered by the tailrace but also includes flows from the Habitat Channel and an 
ephemeral floodplain channel, primarily hugging the north shore of this section.   

The project involved drift and benthic macroinvertebrate sample collection.  Concurrent 
measurements included stream flow velocity and water temperature at each drift net transect, 
water temperature at each benthic sample site, and alkalinity within each stratum at the time of 
benthic sampling.  The study leveraged existing Chelan PUD and U.S. Geological Survey data 
sources for average annual temperature and total stream discharge. 

Objectives 

• Assess abundance, taxonomic classification and biological health of the benthic 
macroinvertebrate community of the Chelan River; 

• Assess biomass, abundance, taxonomic classification, resource category and size 
distribution of the drift macroinvertebrate community of the Chelan River; 

• Assess biomass of organic debris in the Chelan River; 
• Identify taxonomic classification of the benthic and drift macroinvertebrate communities 

immediately upstream of the Lake Chelan Hydroelectric Dam and downstream of the 
tailrace in order to determine the contribution of these habitats via upstream dispersal or 
downstream drift to the macroinvertebrate communities in the Chelan River; and 

• Compare Chelan River macroinvertebrate community structure with that of comparable 
stream systems, with an emphasis, where possible, on other lake-fed, warm-water 
salmonid-bearing streams in the Pacific Northwest. 
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FIGURE 1. Study area within the Chelan River, WA in 2016 and 2017. Benthic and drift 
samples were collected in all six strata in 2017.  
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METHODS 

Organization and Schedule 

Sampling was scheduled to represent the macroinvertebrate community during two 
seasons.  Spring sampling took place March 20–24, 2017, and summer/fall sampling took place 
August 28– September 1, 2017 (Figure 2).  Discharge averaged 96 cubic feet per second (cfs) in 
spring and 75 cfs in summer/fall (Figure 3).  Access permission was obtained from the Chelan 
PUD, and sites were accessed by vehicle and on foot, except for above the dam where a small 
motorized vessel was used.   

 
FIGURE 2. Sampling schedule for drift and benthic macroinvertebrate sampling in the Chelan 
River, 2017. 

 
FIGURE 3. Chelan River discharge (cfs) measured ¼ mile downstream from Chelan Dam 
(adapted from waterdata.usgs.gov), showing ramp down window for sampling March 20–24, 
2017 and measured discharge during sampling August. 28–September 1, 2017.   
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Sampling Process Design 

Drift Sampling 

We used a probabilistic design for drift macroinvertebrate site selection within Reach 1 
and the Habitat Channel, a targeted design in the tailrace section, and a random path trawl 
sample above the dam, with a total of 11 replicate drift samples collected during each of the 
sample events (March and August) in 2017.  In the first year of study in 2016, a master sample 
list defined potential drift sampling transects at 50 m intervals along the linear extent of each 
sampling area.  Transects were then assigned a random number (rank) using MS Excel, and 
sorted by rank to assign use order within each strata.  If the first use order site had to be rejected 
for any reason, then the next use order site was chosen for sampling.  Rejected transects are 
permanently replaced.  Reach 1 was divided into three spatially balanced strata (upper, middle, 
lower), and the Habitat Channel comprised a single stratum.  Drift nets were set in suitable 
habitat, per protocol, within a maximum of 50 m upstream of each selected transect.  The same 
drift transects were sampled during the spring and summer/fall sample events in Reach 1 and the 
Habitat Channel in both 2016 and 2017.  A targeted site was chosen for drift sampling in the 
Tailrace, with the same approximate site chosen for each season.  These sites represented the 
best available substrate for protocol adherence at the time of the event.  Above the dam, a single 
drift net was modified for trawling behind a motorized vessel, and was towed along a random 
path extending from the dam’s buoy line to the Woodin Ave. bridge and back at varying depths.   

Benthic Sampling 

Benthic macroinvertebrate sampling sites were selected randomly by field crews to 
represent 16 different riffle or fast-water habitats within each stratum, using professional 
judgment to determine suitable sites during each season.  The 16 sites within each of the six 
strata (Upper, Middle and Lower Reach 1, Habitat Channel, Above-Dam and Tailrace) were 
composited into a two replicate samples representing that stratum, for a total of 12 benthic 
samples collected during each of the sample events (March and August) in 2017. 

Additional Data 

Stream flow, depth and temperature were measured at the inlet of the drift sampling nets 
at each transect at the beginning and end of each set.  Stream temperature and depth were also 
measured concurrent to each replicate benthic sample collected.  Alkalinity was measured near 
the mid-point of each stratum, once per sample event.  GPS coordinates were recorded for all 
sample sites.  Spillway data were provided in real time by Chelan PUD and summary discharge 
data were provided by USGS.   

Sampling Procedures 

Benthic sampling within wadeable areas (all but Above Dam) followed Washington 
Department of Ecology (WA-DOE) and Pacific Northwest Aquatic Monitoring Program 
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(PNAMP) protocols (Adams 2010, Hayslip 2007).  Within each of the five wadeable sampling 
strata, a total of 16 ft2 of stream bottom was sampled and composited into two replicate samples 
for taxonomic processing.  One sample jar was used for each replicate, but samples could be split 
into multiple jars if additional capacity were needed.  All wadeable benthic samples were 
collected using a 1 ft × 1 ft D-frame kick net with 500 µm mesh.  Some samples collected within 
the tailrace stratum exceeded recommended depth for sampling, making collection difficult but 
possible.  All samples were deemed viable and representative of the population in this area.  
Water depth, temperature and GPS coordinates were recorded at each collection site.   

Benthic samples were collected by boat in the stratum above the Dam, using a 6” × 6” × 
6” AMS Ekman dredge sampler.  A total of 16 samples were collected, filtered through a 500 µm 
mesh net and composited into two replicate samples for taxonomic processing.  All samples were 
deemed viable and representative of the population in this area.  

Drift sampling followed Bonneville Power Administration’s Columbia Habitat 
Monitoring Program protocols (CHaMP 2015).  At each of the five wadeable transects, two 
replicate samples were collected within suitable riffle or fast-water habitat.  Drift nets (40 cm × 
20 cm, 1000µm mesh) were set for approximately 6 hours at each transect.  Replicate nets were 
set as far apart as possible for the available habitat.  All drift samples were collected starting at 
least 2 hours after sunrise, and completed at least 2 hours before sunset.  Replicate samples were 
separated and contained in two sample jars per stratum.  Water temperature, depth and flow 
velocity entering the mouth of each net was recorded at the start and end of sampling.  GPS 
coordinates were also collected for each net location.   

Drift sampling above the dam was implemented using a single drift net, modified with a 
rigid metal frame and trawled from a downrigger by a motorized vessel.  Two trawls were 
conducted at depths of 3 m and 9 m along 2 random transect lines of approximately 500 m each, 
extending from upstream of the dam’s marker buoys to downstream of the Woodin Ave. bridge, 
and back.  The total covered trawl distance was recorded as a GPS track log, and the two trawl 
samples were composited into a single sample jar.   

Containers, Preservation, Holding Times 

All samples containing invertebrates and/or organic matter were retained in plastic 
sample jars with 95% ethanol.  Jars were labeled with project name, site ID or stratum, date, 
time, replicate and sample type.  All sample jars were stored on ice or in a refrigerator within 8 
hours of collection, and shipped (decanted prior to shipping) to Rhithron for taxonomic 
processing within 24 hours of sampling conclusion.  Chain of Custody (CoC) forms were 
included in each shipment.  Samples were received by Rhithron in good condition for each 
sample event, and recharged with ethanol for storage and subsequent taxonomic processing.   

Data Management and Quality Assurance/ Quality Control 

Field metadata were recorded electronically using a custom data collection form built in 
MDC GISCloud on an Apple iPad.  Metadata associated with the start and end of each replicate 
drift sample included site ID, date, time, stream temperature, depth, flow velocity and GPS 
coordinates.  Metadata associated with each benthic sample included stratum, replicate number, 



2017 Report Macroinvertebrate Investigation, Chelan River 

Prepared by Terraqua Inc. for PUD #1 Chelan County  14 

date, time, stream temperature and GPS coordinates.  Additionally, alkalinity measurements with 
associated GPS coordinates and date/time were recorded for each stratum on the date of 
sampling.  The entire survey extent was within range of cellular data services. Therefore, each 
data entry was automatically and immediately backed up to a cloud server.  Data were 
downloaded and backed up to a laptop computer at the end of each day of sampling, and 
consolidated into a single MS Excel database file after the completion of all sampling.  Data 
QA/QC was completed by the lead investigator within 4 weeks following each sampling event.  
No errors or omissions exist in the data, all physical samples were present and accounted for, and 
all metadata are deemed to be complete and accurate.  Taxonomic processing was completed and 
data delivered by Rhithron on June 28th (March) and December 14th (August).  

Taxonomic Analysis 

Benthic samples were sorted according to Plotnikoff and Wiseman (2001) and drift 
samples were sorted according to CHaMP protocols to obtain representative subsamples with a 
minimum of 500 or 600 organisms, respectively.  Briefly, samples were mixed before sorting 
and evenly spread onto a Caton sub-sampling tray (Caton 1991) with 30 grids.  The contents of 
randomly selected grids were sorted and individual taxa were identified until the minimum 
number of organisms was reached.  After obtaining the subsample, benthic samples were then 
scanned for large or rare individuals.  Total body length was measured for drift samples.  If the 
individual was damaged, body length was estimated by comparing with other individuals of the 
same taxon and maturity stage.   

After obtaining the subsamples, drift samples were coarsely sorted by resource class 
(aquatic, terrestrial, aquatic/terrestrial) for dry biomass measurement.  Filters (47mm glass, 
Whitman Glass-Fiber Filters types GF/A, 1.6 micron pore size) in aluminum boats were pre-
ashed at 500 °C for 20 minutes, placed in a desiccation chamber to cool to room temperature, 
and weighed.  Filters were placed in a filtration apparatus and moistened with de-ionized water 
before samples were added.  Filters were dried at 105 °C until constant weight was reached for a 
minimum of 2 hours and weighed.  The same method was used to measure ash free dry weight of 
detritus.  

Quality control was performed to assess initial sample processing and subsampling.  On a 
random selection of 10% of the samples an independent sorter re-examined 25% of the sorted 
substrate using the same Caton grid method described above.  Organisms that were missed were 
counted and added to the results from the original sort.  Taxonomic identification was checked 
by an independent taxonomist by randomly selecting two samples and re-identifying all 
organisms.  Sorting efficiency was 99.1% and taxonomic precision was 97.9%.  Both are within 
industry standards (Stribling et al. 2003). 

Data Analysis 

Multivariate analyses were used to explore differences at the assemblage level and assess 
the similarities of taxonomic diversity and biomass among strata, as used by Favaro et al. (2014) 
and Maitland et al. (2016), for benthic and drift communities separately.  Among the many 
similarity indices used for ordination in community ecology research, the Bray-Curtis similarity 
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index (Clarke and Warwick 2001) has been found to be one of the best methods (see Quinn and 
Keough 2002).  In this study, Bray-Curtis similarity indices (Clarke and Warwick 2001) were 
calculated for all strata pairs based on macroinvertebrate abundance data, and ordinated using 
non-metric multidimensional scaling (NMDS).  NMDS is unconstrained by environmental 
variables, and thus reflects only similarities between taxonomic composition data. Six sample 
strata (Above Dam, Reach 1 Upper, Reach 1 Middle, Reach 1 Lower, Habitat Channel, Tailrace) 
were compared for drift and benthic samples independently. 

Goodness of fit (stress value) was also calculated in the ordination analysis for both 
communities (benthic and drift), in order to determine how well the ordination summarizes the 
observed distances between strata.  For this study, we could not determine the relationship 
between community composition and environmental conditions because of limited 
environmental data so we illustrated how much the communities varied between strata.  

Once we determined the variation of community assemblages, we further calculated 
similarities between sample strata for each sampling period, and a combination of both between 
paired strata in order to understand the contribution of organisms between strata via upstream or 
downstream dispersal.  We hypothesized that downstream dispersal of organisms from above the 
dam would result in community structures of high similarity between the three main reaches 
(Above Dam, Reach 1, Tailrace/Habitat Channel), and that significantly different community 
structure between these reaches meant that downstream dispersal was not a significant 
mechanism for recruitment.   

For this hypothesis, we used both the Bray-Curtis similarities index (Clarke and Warwick 
2001) and Sørensen similarities index (Chao et al. 2005).  Bray-Curtis similarities index (Clarke 
and Warwick 2001) is based on taxonomic abundance data; however, in some cases taxa 
abundance and its variation or noise is often high, which might create a bias in the results (Pandit 
et al. 2009).  We therefore also used Sørensen similarities index (Chao et al. 2005), which is 
based only on taxa presence/absence; and also provides greater weight to taxa common to all 
strata than to those found in only one stratum.  The following equations were used for this study 
for both benthic and drift community structure.  

Bray-Curtis Similarities Index:  

𝑑𝑑𝐵𝐵𝐵𝐵𝐵𝐵(𝑖𝑖, 𝑗𝑗) = 1 −
∑ |𝑦𝑦𝑖𝑖,𝑘𝑘 − 𝑦𝑦𝑗𝑗,𝑘𝑘|𝑛𝑛−1
𝑘𝑘=0

∑ (𝑦𝑦𝑖𝑖,𝑘𝑘 + 𝑦𝑦𝑗𝑗,𝑘𝑘)𝑛𝑛−1
𝑘𝑘=0

 

where: dBCD is the similarity in community compositions between two strata, 
 yi,k is the taxa at stratum one, and yjk is the taxa at stratum two. 

Sørensen Similarities Index: 

1 −
2𝑎𝑎

(2𝑎𝑎 + 𝑏𝑏 + 𝑐𝑐)
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where: a is the number of species common to both strata,  
 b is the number of species unique to the first stratum, and  
 c is the number of species unique to the second stratum. 

Benthic Index of Biotic Integrity (B-IBI) were calculated by Rhithron for each 
strata/period using standardized equations (Fore and Wisseman 2012; Karr and Chu 1999).  Ten 
individual metric scores ranging from one through 10 are added together to generate a total B-
IBI score, which ranges from 1-100. B-IBI scores are used as an indicator of overall stream 
health based on undisturbed reference streams, with ranges representing: Very Poor [0,20), Poor 
[20,40), Fair [40,60), Good [60,80), or Excellent [80,100].  These qualifiers are part a standard 
scoring system, independent of the stream or ecoregion, and are commonly used to compare B-
IBI scores based on other reference streams in the area.  However, they do not necessary mean 
that a stream is of poor health just because it has a low score.  For example, if a site has a low B-
IBI score but surrounding reference sites also have low B-IBI scores, the site is geographically 
isolated from recruitment sources for indicator taxa, or the sampled area contains mostly habitat 
naturally unsuited to benthic colonization, we could conclude that this score represents the 
natural condition of the stream, independent of disturbance (Elbrecht et al. 2014).  

We compared B-IBI metric scores for Chelan River benthic macroinvertebrate 
communities to other streams in Eastern Washington to estimate the status of colonization and 
diversity for baseline conditions.  Comparison categories included reference streams, lake-fed 
streams, high-temperature streams, the Spokane River, and the Palouse River, which best 
matched the Chelan River for annual flow regime and average summer temperatures.  All data 
used for comparison were the most recent available and for which a majority of sampling 
occurred in July-August summer conditions; Chelan River data were collected primarily in 
spring and late summer/fall conditions.  

Benthic reference streams are included in the WA-DOE’s Ambient Stream Biological 
Monitoring Project (ASBMP).  The streams included in this project were chosen as a point of 
comparison for what benthic invertebrate compositions might be expected given pristine or 
undisturbed conditions.  Reference streams are categorized into eight Washington ecoregions, 
which are considered to be areas of similar benthic invertebrate compositions (Wiseman 2003) 
within a similar range of environmental conditions.  We chose nine reference streams (see 
Appendix B) that were geographically closest to the Chelan River with elevations under 600 m 
and bankfull widths greater than 30 m.  However, given the Chelan River’s unique 
geomorphology as compared to any of the reference streams existing in the ASBMP database, 
the nine reference streams chosen do not necessarily represent what pristine conditions might 
look like in the Chelan watershed, or even represent an attainable restoration objective for this 
system, but were the best available data.  

We could not source data for any lake-fed streams with similar discharge and temperature 
as the Chelan River within our ecoregion, so we compared lake-fed steams and high temperature 
streams separately.  Data were available for two lake-fed rivers in Eastern Washington with 
benthic invertebrate data: 1) the Cle Elum River and 2) the confluence of the Yakima and Cle 
Elum Rivers below where the Cle Elum River flows out of Lake Cle Elum.  The Cle Elum River 
flows from Hyas Lake in the Alpine Lakes Wilderness area, the site is colder (10.5 °C) and at a 
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higher elevation (1,054 m) than the Chelan River, and although discharge data is not available it 
is likely lower.  The site at the confluence of the Yakima and Cle Elum Rivers has higher 
discharge (3,700 cfs) but similar high average summer temperature (18.7 °C) to the Chelan 
River, although this is still much cooler than the >23 °C summer peak water temperatures that 
enter the Chelan River from the outlet of Lake Chelan.  

We found three Eastern Washington streams with similar temperature ranges as the 
Chelan River (19.2°C–23 °C).  Discharge data was not available for these streams, so we used 
our best judgment to exclude rivers with much higher or lower discharge than the Chelan River.  
The Spokane River, originating from Coeur d’Alene Lake, and the Palouse River, a tributary to 
the Snake River, were chosen as good matches to the Chelan River for both temperature and 
discharge regimes.  

A standardized biotic index scoring system has not been developed to use for drift 
macroinvertebrate communities as the ASBMP has done for benthic macroinvertebrate 
communities in Washington.  However, a common use of drift macroinvertebrate data is to 
compare total biomass with bioenergetic needs of fish in order to predict carrying capacity.  We 
compared drift macroinvertebrate taxonomic diversity and total biomass for the Chelan River to 
other rivers within the CHaMP network.  Additionally, we investigated similarities in community 
composition by taxa presence/absence at all comparison streams using Sørenson Similarities 
Indices (Chao et al. 2005). 

CHaMP collects drift macroinvertebrate data at hundreds of sites annually throughout the 
Columbia River Basin.  We chose to narrow down comparison stream selection to the 
Wenatchee, Methow and Entiat River subbasins, which were the closest geographic proximity to 
the Chelan River.  Data were not available for any directly lake-fed rivers in the CHaMP 
network, so comparison streams were chosen based on similar channel width and discharge 
profiles to the Chelan River.  Temperature profiles were not directly compared, but all 
comparison streams experience high temperatures (>18 °C) at times during the summer.  None of 
the comparison streams can be considered as directly analogous to the Chelan River, again due to 
the unique geomorphology of the Chelan watershed.  Two rivers were chosen from each Upper 
Columbia subbasin: Entiat River and Mad River (Entiat subbasin), Peshastin Creek and 
Chiwaukum Creek (Wenatchee subbasin), and Lost River and Early Winters River (Methow 
subbasin).  While Chiwaukum Creek is colder and heavily forested compared to the Chelan 
River, it does experience summer temperatures exceeding 18 °C, the temperature threshold for 
selecting comparison streams. 

For all comparison streams, taxonomic diversity (abundance of individual taxa) and total 
drift biomass (g/m3) metrics were averaged across all available years (2011–2015) and site visits 
(varies by river and study design panel).  For the Chelan River, these metrics were averaged 
across both periods and all strata.   
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RESULTS 

Summary Data 

Taxonomic analysis was completed by Rhithron.  Technical summary reports and raw 
taxonomic data are available upon request.  Summary statistics were compiled showing overall 
abundance and taxa richness for each strata by period and collection method, strata by year, and 
combined for the entire river by period and year (Table 1).  Taxa richness represents the number 
of unique taxa encountered for a sample group, so is not necessarily additive when lumping 
groups.  For example, a taxon that occurs in two strata will be counted twice to report taxonomic 
richness of those two strata separately, but will be counted only once when lumping the two 
strata.   

Total taxonomic richness of combined benthic and drift macroinvertebrate communities 
in 2017 was 124.  Taxonomic richness was slightly higher in the spring period than late summer 
for the benthic communities and lower in the spring period than late summer for the drift 
communities.  Overall, taxonomic richness was generally higher for the benthic community than 
the drift community, but abundance was orders of magnitude higher for drift than benthic.  
However, comparing drift and benthic taxonomic diversity and abundance between strata and 
periods revealed a high amount of variability in these metrics.  Drift abundance was still 
relatively higher than benthic abundance across all strata and periods, but the combined total 
metrics were biased high by outlier samples taken in the Above Dam and Habitat Channel where 
a single taxon (Cladocera in Above dam in summer and Copepoda in Habitat Channel in spring) 
dominated abundance within those samples.  A total of 24 taxa were common between drift and 
benthic communities, with common taxa occurring in all strata where both drift and benthic 
communities were sampled.  This suggests that passive downstream dispersal may be an 
important mechanism for distribution/recruitment of the benthic community.  

B-IBI scores were calculated for each strata/period (Table 2).  Chelan River B-IBI were 
generally low, with the lowest score (12) tailrace in spring and the highest scores (22) in Upper 
and Lower Reach 1 in spring and tailrace in summer.  Replicate B-IBI scores from reaches 
varied in scores from 0 to 6 with an average score difference between replicates of 2.3.     
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TABLE 1. Summary table of taxa richness and abundance for drift and benthic 
macroinvertebrate samples collected in Chelan River, 2017¹.Common Taxa occurred in both drift 
and benthic samples; ²Distinct Taxa are not observed in any other strata. 

 Strata Period Collection 
Method Replicate Abundance 

Sample 
Taxa 

Richness 

Sample 
Tax 

Richness 
Common 

Taxa¹ 
Total Taxa 

Richness by 
Period  

Total 
Taxa 

Richness  
Distinct 
Taxa² 

R1U 

Spring 
2017 

Drift R1 9510 10 12 
5 42 

69 4 

Drift R2 4943 9 
Benthic R1 2769 22 35 Benthic R2 2374 32 

Summer 
2017 

Drift R1 611 25 33 
11 55 Drift R2 565 22 

Benthic R1 344 22 33 Benthic R2 2314 25 

R1M 

Spring 
2017 

Drift R1 5618 12 16 
3 43 

65 4 

Drift R2 18990 12 
Benthic R1 4103 26 30 Benthic R2 2477 24 

Summer 
2017 

Drift R1 1635 29 32 
7 52 Drift R2 1683 22 

Benthic R1 743 23 27 Benthic R2 1538 18 

R1L 

Spring 
2017 

Drift R1 6780 15 16 
6 48 

62 3 

Drift R2 10605 10 
Benthic R1 1513 28 38 Benthic R2 1830 25 

Summer 
2017 

Drift R1 2025 21 24 
7 46 Drift R2 5048 20 

Benthic R1 1157 16 29 Benthic R2 3378 22 

HC 

Spring 
2017 

Drift R1 59114 9 10 
1 40 

60 5 

Drift R2 37680 8 
Benthic R1 401 23 31 Benthic R2 1827 24 

Summer 
2017 

Drift R1 1917 18 31 
8 48 Drift R2 1159 29 

Benthic R1 2396 16 25 Benthic R2 1467 19 

TR 

Spring 
2017 

Drift R1 20250 5 9 
2 47 

59 9 

Drift R2 5558 8 
Benthic R1 629 24 40 Benthic R2 1350 32 

Summer 
2017 

Drift R1 6650 7 9 
1 37 Drift R2 3320 6 

Benthic R1 186 21 29 Benthic R2 108 18 

AD 

Spring 
2017 

Ekman  R1 74 20 25 1 27 

40 15 

Ekman  R2 33 14 
Drift   22440 3 3 

Summer 
2017 

Ekman  R1 18 10 24 0 28 Ekman  R2 160 23 
Drift   93120 4 4 

Combined 
Strata 

Spring 
2017 

Drift R1 101271 18 26 
10 89 

124 - 

Drift R2 77775 18 
Benthic R1 9487 49 73 Benthic R2 9891 56 

Summer 
2017 

Drift R1 12838 39 50 
19 101 Drift R2 11774 38 

Benthic R1 4844 50 70 Benthic R2 8966 59 
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TABLE 2. Benthic Index of Biotic Integrity (B-IBI) metrics and scores for the Chelan River, 
2016-2017. The 2017 metrics are averaged from the two replicates samples. Metrics calculated 
by Rhithron Associates, Inc. 

  Spring Sampling Period 

 R1U R1M R1L HC TR AD 

METRICS  2016 | 2017 2016 | 2017 2016 | 2017 2016 | 2017 2016 | 2017 2016 | 2017 
Taxa Richness 21 | 27  20 | 25 27 | 27  28 | 24 27 | 28 28 | 17 
E Richness 1 | 1  1 | 1  2 | 1 2 | 1 0 | 0  0 | 1 
P Richness 0 | 0 0 | 0  0 | 0 0 | 0  0 | 0 0 | 0 
T Richness 3 | 2  4 | 2 5 | 1  3 | 3  5 | 3  1 | 1  
Pollution Sensitive Richness 0 | 0 0 | 0 0 | 0  0 | 0  0 | 0  0 | 1  
Clinger Richness 6 | 8  6 | 7  9 | 9  7 | 7  4 | 5  1 | 1  
Semivoltine Richness 0 | 0 0 | 0  1 | 1  2 | 1  1 | 1  1 | 1  
Pollution Tolerant Percent % 3.0 | 0.9  6.1 | 0.2   9.1 | 0.6  11.0 | 1.2  40.6 | 42.7  46.3 | 13.2 
Predator Percent % 10.3 | 9.5  9.0 | 5.8  11.3 | 15.3  15.5 | 16.6  26.4 | 7.6  7.3 | 13.1  
Dominant (3) Taxa Percent % 74.0 | 52.3  61.8 | 69.4  45.4 | 57.0  45.5 | 61.9  56.3 | 69.5  50.0 | 42.5  

METRIC SCORES             
Taxa Richness 3 | 3  3 | 3  3 | 3  3 | 3  3 | 3  3 | 2  
E Richness 1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  
P Richness 1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  
T Richness 1 | 1  1 | 1  3 | 1  1 | 1  3 | 1  1 | 1  
Pollution Sensitive Richness 1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  
Clinger Richness 1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  
Semivoltine Richness 1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  1 | 1  
Pollution Tolerant Percent  5 | 5  5 | 5  5 | 5  5 | 5  3 | 2  3 | 4  
Predator Percent 3 | 2  1 | 1  3 | 3  3 | 3  5 | 2  1 | 2  
Dominant (3) Taxa Percent  3 | 4  3 | 3  5 | 4  5 | 3 3 | 2  5 | 5  

SPRING SAMPLE SCORE 20 | 20  18 | 18  24 | 21  22 | 20  22 | 15  18 | 19  

 
Fall Sampling Period 

 R1U R1M R1L HC TR AD 

METRICS  2016 | 2017 2016 | 2017 2016 | 2017 2016 | 2017 2016 | 2017 2016 | 2017 
Taxa Richness 22 | 24 21 | 21 25 | 19 24 | 18 16 | 20 14 | 17 
E Richness 1 | 2 1 | 1 1 | 1 1 | 1 0 | 0 0 | 0  
P Richness 0 | 0  0 | 0 0 | 0 0 | 0 0 | 0 0 | 0 
T Richness 3 | 3 2 | 2 3 | 2 4 | 3 1 | 2 0 | 2 
Pollution Sensitive Richness 2 |0 0 | 0 0 | 1 1 | 0 0 | 0 0 | 0 
Clinger Richness 8 | 7 6 | 6 8 | 6 8 | 8 3 | 2 0 | 1 
Semivoltine Richness 0 | 0 0 | 0 1 | 1 1 | 1 1 | 1 1 | 1 
Pollution Tolerant Percent % 2.5 | 8.7 1.3 | 1.5 3.0 | 0.6 8.2 | 2.1 11.0 | 23.4 45.9 | 44.4 
Predator Percent % 9.5 | 11.0 21.6 | 11.8 10.3 | 5.7 22.1 | 13.9 19.4 | 23.3 1.8 | 18.0 
Dominant (3) Taxa Percent % 77.2 | 57.4 73.3 | 71.7 60.2 | 72.6 48.3 | 62.7 81.3 | 42.8 64.9 | 55.6 

METRIC SCORES             
Taxa Richness 3 | 3 3 | 2 3 | 2 3 | 1 1 | 2 1 | 2 
E Richness 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 
P Richness 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 
T Richness 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 
Pollution Sensitive Richness 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 
Clinger Richness 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 
Semivoltine Richness 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 
Pollution Tolerant Percent  5 | 5 5 | 5 5 | 5 5 | 5 5 | 3 3 | 3 
Predator Percent 1 | 2 5 | 2 3 | 1 5 | 3 3 | 5 1 | 4 
Dominant (3) Taxa Percent  1 | 3 3 | 2 3 | 2 5 | 3 1 | 5 3 | 3 

FALL SAMPLE SCORE 16 | 19 22 | 17 20 | 16 24 | 18 16 | 21 14 | 18 

 12016 Above Dam sample was taken in July.  May sample was discarded from analyses. 
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Benthic Macroinvertebrate Community - Taxonomic Diversity 

A diversity of benthic taxa was encountered in the Chelan River.  There was strong 
differentiation of Lake Chelan (above dam) and river assemblage structures (combined periods).  
The benthic community structures were most similar between the Habitat Channel and Reach 1 
(Upper, Middle and Lower) of the Chelan River, with some dissimilarity between these four 
strata and the Tailrace.  A non-metric multidimensional scaling (NMDS) ordination analysis 
showed that the community structure above the dam was different to all other strata when the 
sampling periods were combined in the 2017 sampling period (Figure 4). Secondly, a NMDS 
ordination analysis was completed between the August 2016 year and August 2017 to assess 
between year variability, the spring sampling period was omitted from this analysis due to the 
difference of sample times between years. Between year ordination analysis showed strong 
between sampling strata differentiation, particularly between the above dam and all other 
strata’s, similar to the between season ordination analysis and low overall between year within 
strata differentiation (Figure 5). The greatest between years, within strata difference was found at 
the tailrace strata.     
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FIGURE 4. Non-metric multidimensional scaling (NMDS) ordination based on 2017 benthic 
taxa abundances of combined sampling periods in six sample strata (Tailrace, Lower Reach 1, 
Middle Reach 1, Upper Reach 1, Above Dam and Habitat Channel). Red text shows taxa. 
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Benthic Community Dispersal / Recruitment 

In 2017, the benthic community structure above the dam was highly dissimilar to all 
other locations for both periods regardless of which analysis method was chosen (Bray-Curtis or 
Sørenson; Table 3).  Using abundance data (Bray-Curtis Similarity index), the maximum 
similarity between above dam benthic community structure to all other strata/period was only 
31.50%, found with the Tailrace in August.  Using taxa presence/absence (Sørenson index), 
similarity between the above dam benthic community and all other strata/periods was slightly 
higher, with a maximum similarity of 46.51% also with the Tailrace when sampling periods were 
combined.  The tailrace had higher overall similarity scores to other strata/periods compared to 
the above dam strata, yet was still highly dissimilar to all other strata/periods, with the highest 
similarity of 21.19% (Bray-Curtis index) with the habitat channel in spring and a 54.29% 
(Sørenson index) at the middle reach in Spring.  The habitat channel, reach 1 upper, middle and 
lower had the highest similarities among each other, with the highest score of 75.02% between 
the middle and lower reach with combined periods using the Bray-Curtis similarity index and a 
90.41% similarity between the upper and lower reach.  

Similarity indices were also used to analyze the benthic community structure between the 
two years of sampling data (2016 and 2017).  Only the August sampling periods were used for 
this comparison because we could not control for the difference in sampling dates between years 
of the spring sampling (May 2016 vs. March 2017). The Bray-Curtis Similarity index analysis 
between time periods showed that four of the six strata were most similar to the same strata from 
the previous year, and ranged in values from (52.33%–25.67%; Table 4). The two strata that 
were dissimilar between years were the 1) Habitat Channel in 2017, which was most similar to 
Upper Reach 1 in 2016 (28.51%),  and 2) Lower Reach 1 in 2017, which was also most similar 
to Upper Reach 1 in 2016 (24.95%), but only varied from the 2016 Lower Reach 1 by 1.54%. 
The Sørensen similarities index analysis found four the six strata were also most similar to the 
same strata from the previous year, ranging in values from 60.71%–40.00%. Of the two strata 
that differed from themselves the previous year, one was the Habitat Channel in 2017 which was 
more similar to the community composition in Lower Reach 1, and the second was Upper Reach 
1 in 2017, which was more similar to Lower Reach 1 in 2016.  
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TABLE 3. Benthic similarities indices (Bray-Curtis similarities [Clarke and Warwick 2001] and 
Sørensen similarities indices [Chao et al. 2005]) in percentage between sites in the Chelan River 
for samples collected during March, August and both periods combined, 2017. “AD”, “HC”, 
“R1L”, “R1M”, “R1U” and “TR” represent Above Dam, Habitat Channel, Lower Reach 1, 
Middle Reach 1, Upper Reach 1, and Tailrace, respectively.  

 Bray-Curtis Similarities Index (%)   Sørensen Similarities Index (%) 
 Sites AD HC R1L R1M R1U  AD HC R1L R1M R1U 
March sampling period 
HC 2.25 

     
25.00 

    R1L 1.44 62.15 
    

22.22 60.87 
   R1M 0.60 41.29 58.45 

   
18.18 72.13 76.47 

  R1U 0.86 49.08 62.89 64.24 
  

20.00 63.64 90.41 80.00 
 TR 5.05 21.19 18.90 12.33 15.44  40.00 53.52 53.85 54.29 50.67 

August sampling period 
HC 0.18 

     
8.16 

    R1L 0.31 61.99 
    

11.32 74.07 
   R1M 0.90 55.99 59.81 

   
11.76 69.23 78.57 

  R1U 0.47 49.92 54.56 35.08 
  

14.04 68.97 74.19 73.33 
 TR 31.50 8.11 7.45 12.73 8.95  33.96 44.44 44.83 42.86 45.16 

Combined sampling periods 
HC 1.01 

     
19.72 

    R1L 0.97 64.16 
    

22.22 67.50 
   R1M 0.80 62.52 75.02 

   
18.67 70.27 80.95 

  R1U 0.87 55.34 63.29 69.77 
  

24.10 63.41 82.61 76.74 
 TR 12.75 15.90 14.86 13.06 14.13   46.51 49.41 50.53 51.69 53.61 

 
FIGURE 5. Non-metric multidimensional scaling (NMDS) ordination based on benthic taxa 
abundances of 2017 and 2016 in August only. “AD”, “HC”, “LR”, “MR”, “UR” and “TR” 
represent Above Dam, Habitat Channel, Lower Reach 1, Middle Reach 1, Upper Reach 1, and 
Tailrace, respectively Red text shows taxa. 
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TABLE 4. Benthic similarities indices (Bray-Curtis similarities [Clarke and Warwick 2001] and 
Sørensen similarities indices [Chao et al. 2005]) in percentage between sites in the Chelan River 
for samples collected in August 2016 and August 2017. 

  Bray-Curtis Similarities Index (%)   
Sites AD.2017 HC.2017 R1L.2017 R1M.2017 R1U.2017 TR.2017 
August Sampling Period     
AD.2016 52.33 0.09 0.00 0.43 0.09 21.66 
HC.2016 0.98 16.51 13.06 22.84 15.83 22.54 
R1L.2016 1.29 27.68 23.41 22.63 28.00 17.51 
R1M.2016 2.90 24.36 17.01 25.67 18.17 14.87 
R1U.2016 0.43 28.51 24.95 17.88 35.48 4.87 
TR.2016 2.23 4.03 3.11 5.87 3.78 27.65 

         Sørensen Similarities Index (%)     
Sites AD.2017 HC.2017 R1L.2017 R1M.2017 R1U.2017 TR.2017 
August Sampling Period     
AD.2016 47.37 5.13 0.00 4.88 4.26 23.26 
HC.2016 7.69 64.15 52.63 50.91 49.18 35.09 
R1L.2016 11.76 65.38 60.71 51.85 56.67 39.29 
R1M.2016 17.02 62.50 57.69 60.00 53.57 34.62 
R1U.2016 8.70 55.32 47.06 53.06 43.64 31.37 
TR.2016 10.00 29.27 31.11 32.56 24.49 40.00 

 

Benthic Community Comparison 

The Chelan River B-IBI metric scores were lower than all comparison streams.  High 
temperature and lake-fed sites scored much higher than the Chelan River.  The Palouse and 
Spokane Rivers scored lower than the other comparison sites, but generally scored better than the 
Chelan River.  The Chelan River, Palouse River, and Spokane River all showed low scores in 
pollution sensitive, richness, P richness and Clinger metrics (Figures 6, 7).  
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FIGURE 6. Benthic macroinvertebrate taxonomic richness scores compared between six sample 
reaches of the Chelan River vs. reference and comparison stream conditions. 
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FIGURE 7. Benthic macroinvertebrate taxonomic percent and Benthic Index of Biotic Integrity 
(B-IBI) scores compared between six sample reaches of the Chelan River vs. reference and 
comparison stream conditions. {B-IBI Scores: [0,20] = Very Poor, [20,40] = Poor, [40,60] = 
Fair, [60,80] = Good, [80,100] = Excellent}. 
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Drift biomass was calculated for all samples as dry mass of drift organisms collected 
divided by the volume of water sampled (g/m3), which was calculated as a function of the 
average flow through the nets over the time period nets were deployed. Drift biomass generally 
increased from upstream to downstream in the Chelan river in 2017 (Figure 8); and drift biomass 
was higher in spring than late summer, except at the Above Dam stratum.  In general, biomass 
was highest in the Tailrace stratum, similar to 2016 findings. 

 
FIGURE 8. Average biomass of drift macroinvertebrate community in the Chelan River, 
calculated as dry sample mass / volume sampled (g/m3). Error bars calculated as S.E.   
 

Drift macroinvertebrates were categorized by resource category (group) as aquatic, 
terrestrial, or aquatic-terrestrial, and presented as proportionate abundance within each 
strata/period (Figure 9).  Aquatic taxa exclusively inhabit aquatic habitats.  Terrestrial taxa 
exclusively inhabit terrestrial environmental habitats and are essentially incidental to drift 
samples, but offer an important nutrient source for predators and overall water quality.  Aquatic-
terrestrial taxa are the terrestrial adult life stage of taxa that occupy both aquatic and terrestrial 
habitats during different life stages.  Taxa of this category may be included in both aquatic and 
aquatic-terrestrial taxonomic groups within the same sample because they occur in varying life 
stages.  In general, abundances of aquatic taxa were higher in the tailrace and above the dam in 
both sampling periods compared to other strata. Replicate samples showed minimal variation in 
both sampling periods. 2017 spring samples were proportionately much higher in aquatic taxa 
than 2017 summer samples and 2016 samples, this result could be due to an earlier spring 
sampling date (March) compared to 2016 sampling in May. Late summer sampling was 
conducted during the same time period for both years and exhibits similar proportionate 
abundances at all sites except the Habitat Channel, which increased in aquatic-terrestrial taxa in 
2017. Combined aquatic and aquatic-terrestrial groups had higher abundance in all strata and 
periods than terrestrial taxa.   
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FIGURE 9. Proportionate abundance of drift macroinvertebrate taxa by group (terrestrial, 
aquatic, aquatic-terrestrial) within the Chelan River by strata and period, 2017.  

The drift macroinvertebrate communities had greater similarity between reach 1 strata 
and the habitat channel, than the tailrace or above the dam (Figure 10).  Taxa shown closer 
together indicate greater similarity in composition between strata than those further apart.  For 
example, the taxa Cladocera and Copeoda are strongly associated with above the dam , whereas 
Hydroptidae and Hydroptila were found more in the Habitat Channel than other strata.  The 
stress value (goodness of fit) of the analysis was almost zero, similar to the benthic NMDS 
analysis.  This analysis would be improved with additional data.  
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FIGURE 10. Non-metric multidimensional scaling (NMDS) ordination based on 2017 drift taxa 
abundances of combined sampling periods in six sample strata (Tailrace, Lower Reach 1, Middle 
Reach 1, Upper Reach 1, Above Dam and Habitat Channel).  Red text shows taxa. 
 

Drift Community Dispersal / Recruitment 

We found a high level of variability among drift macroinvertebrate community structure 
between strata and periods (Table 5).  Generally, there was a greater similarity in both abundance 
(Bray-Curtis; Clarke and Warwick 2001) and taxa presence/absence (Sørenson; Chao et al. 
2005) between the three sections of reach 1 and the habitat channel.  The taxonomic composition 
(without abundance) was as high as 71.43, 75.00, 78.79 in March, August, and Combined 
sampling periods, all between the three sections of reach 1. In 2017 above dam drift sampling 
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was conducted and shared a taxonomic composition most closely with the habitat channel and 
the tailrace strata. 

Using abundance data (Bray-Curtis; Clarke and Warwick 2001) for combined periods 
and groups, the highest similarity between any strata was between the middle and upper sections 
of Reach 1 (69.09%).  In terms of taxa presence/absence (Sørenson) for combined periods and 
groups, the highest similarity was between middle and lower Reach 1 (78.79%).  

Similarity indices were also used to analyze the drift community structure between the 
two years of sampling data (2016 and 2017), again using only the August sampling period 
because we could not control for the difference in sampling dates between years of the spring 
sampling. The Bray-Curtis Similarity index analysis showed that four of the five strata were 
most similar to the same strata from the previous year and ranged in values from 63.41%–2.67% 
(Table 6).  Lower Reach 1 in 2017 was dissimilar, and most similar to Middle Reach 1 in 2016 
(69.54%), with values varying from the 2016 Lower Reach 1 by 17.01%. The Sørensen 
similarities index analysis found three of the five strata were most similar to the same strata from 
the previous year, ranging in values from 76.92%–50.00%.  Of the two strata that differed from 
themselves the previous year, both were in Reach 1, Upper and Middle, with Upper Reach 1 in 
2017 being more similar to Lower Reach 1 (72.13) and the 2017 Middle Reach 1 being more 
similar to the 2016 Habitat Channel.  

 

TABLE 5. Drift similarities indices (Bray-Curtis [Clarke and Warwick 2001] and Sørensen 
[Chao et al. 2005] similarities indices) in percentage between sites in the Chelan River for 
samples collected in March, August and both periods combined, 2017. “AD”, “HC”, “R1L”, 
“R1M”, “R1U” and “TR” represent Above Dam, Habitat Channel, Lower Reach 1, Middle 
Reach 1, Upper Reach 1, and Tailrace, respectively.   

  Bray-Curtis Similarities Index (%)   Sørensen Similarities Index (%) 
Sites AD HC R1L R1M R1U   AD HC R1L R1M R1U 
March sampling period 
HC 62.82 

     
46.15 

    R1L 2.55 8.97 
    

21.05 61.54 
   R1M 2.23 4.49 48.75 

   
10.53 61.54 68.75 

  R1U 3.03 4.65 51.20 70.14 
  

26.67 54.55 71.43 57.14 
 TR 31.53 17.98 19.89 60.57 51.47 

 
50.00 52.63 40.00 24.00 47.62 

August sampling period 
HC 1.20 

     
17.14 

    R1L 0.85 45.82 
    

14.29 69.09 
   R1M 0.77 54.49 61.32 

   
16.67 69.84 75.00 

  R1U 0.50 39.24 26.35 46.99 
  

16.22 65.63 70.18 67.69 
 TR 10.09 1.57 0.89 1.57 1.42 

 
46.15 30.00 24.24 29.27 33.33 

Combined sampling period 
HC 56.21      

26.32     R1L 2.78 12.29     
23.53 70.97    R1M 1.98 7.52 54.46    
19.05 71.43 78.79   R1U 2.17 6.61 46.32 69.09   
24.39 69.57 73.85 73.97  TR 15.78 30.90 14.59 48.30 40.59   44.44 43.48 38.10 32.00 44.90 
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TABLE 6. Drift similarities indices (Bray-Curtis similarities [Clarke and Warwick 2001] and 
Sørensen similarities indices [Chao et al. 2005]) in percentage between sites in the Chelan River 
for samples collected in August 2016 and August 2017. 

  Bray-Curtis Similarities Index (%) 
Sites AD.2017 HC.2017 R1L.2017 R1M.2017 R1U.2017 TR.2017 
August Sampling Period 

    HC.2016 0.42 52.29 59.35 55.56 41.92 1.67 
R1L.2016 1.80 42.47 52.53 41.10 20.31 1.26 
R1M.2016 0.60 40.80 69.54 63.41 29.40 0.92 
R1U.2016 0.29 36.49 19.83 34.38 61.63 1.41 
TR.2016 31.65 0.30 0.24 0.19 0.13 2.67 

       Sørensen Similarities Index (%) 
Sites AD.2017 HC.2017 R1L.2017 R1M.2017 R1U.2017 TR.2017 
August Sampling Period 

    HC.2016 17.65 75.41 70.37 74.19 63.49 30.77 
R1L.2016 12.50 71.19 76.92 73.33 72.13 27.03 
R1M.2016 11.11 69.84 75.00 71.88 70.77 14.63 
R1U.2016 16.67 66.67 67.86 71.88 64.62 24.39 
TL.2016 85.71 11.76 7.41 11.43 11.11 50.00 

 

Drift Community Comparison 

We compared community composition using overall abundance of the 20 dominant drift 
taxa (combined groups and periods) encountered in the Chelan River with six comparison 
streams in the Wenatchee, Entiat and Methow subbasins, chosen from the CHaMP database for 
similar discharge and channel width profiles. In terms of abundance and similar to 2016 data, the 
Chelan River was largely dominated (88.8% by proportion) by Cladocera and Copepoda (Figure 
11), which were non-existent or extremely rare in all comparison streams.  Further investigation 
shows that these taxa were encountered in high numbers in only a few samples in the Chelan 
River, generally in the spring in both the Habitat Channel and Tailrace.  If these outliers are 
removed from the biodiversity comparison (Figure 12), we see a much greater similarity between 
taxa found in the Chelan River and comparison streams. Of the next four most dominant taxa in 
the Chelan River, Hydrozoa, Chironomidae, Oligochaeta, and Orthocladiinae, all but Hydrozoa 
were also found in high abundances in comparison streams except Chiwaukum, which is higher 
elevation and more shaded than any of the other comparison streams.   

We compared total collected biomass of drift macroinvertebrates with the same CHaMP 
comparison streams (Figure 13), and found that the Chelan River showed consistently higher 
biomass (2017 and 2016) than the comparison streams. Because of the possible bias from high 
Cladocera and Copepoda presence in the tailrace and habitat channel, we also compared biomass 
between only Reach 1 strata and the comparison streams. Dry drift biomass of Reach 1 in 2017, 
showed a slight reduction in the estimated value, high between year variability, and slightly 
closer similarity in biomass between the Chelan River and the other streams.    



2017 Report Macroinvertebrate Investigation, Chelan River 

Prepared by Terraqua Inc. for PUD #1 Chelan County  33 

We also investigated percentage similarity in taxonomic composition (taxa 
presence/absence) between the Chelan River and the six comparison streams using Sørenson 
Similarities Indices (Table 7).  We could not compare abundance/dominance of taxa using Bray-
Curtis (Clarke and Warwick 2001) because of a high variability in sample size between all 
streams.  We saw a range of similarity in composition between the Chelan River and comparison 
streams from 28% (Mad River) to 49% (Lost River, Methow).  This was similar to the range in 
similarities seen amongst the individual comparison streams (24%–70%), and to 2016 
comparison results.   

  
FIGURE 11. Overall abundance of the 20 dominant drift macroinvertebrate taxa encountered in 
the Chelan River (combined taxonomic groups, sampling years, periods and strata), compared 
with 6 similar streams in the Upper Columbia region. Comparison streams were chosen from the 
CHaMP database for similar discharge and channel width profiles, and combine data from many 
sites and years (2011 - 2015) within each stream.   



2017 Report Macroinvertebrate Investigation, Chelan River 

Prepared by Terraqua Inc. for PUD #1 Chelan County  34 

 
FIGURE 12. Overall abundance of the 20 dominant drift macroinvertebrate taxa, not including 
Cladocera or Copepoda, encountered in the Chelan River (combined taxonomic groups, 
sampling years, periods and strata), compared with 6 similar streams in the Upper Columbia 
region. Comparison streams were chosen from the CHaMP database for similar discharge and 
channel width profiles, and combine data from many sites and years (2011–2015) within each 
stream.   
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FIGURE 13. Total drift fauna biomass per sampled water volume (g/m3) collected in the Chelan 
River (combined taxonomic groups, periods and strata) in 2016 and 2017, compared with 6 
similar streams in the Upper Columbia region. Comparison streams were chosen from the 
CHaMP database for similar discharge and channel width profiles, and combine data from many 
sites and years (2011–2015) within each stream.   

.   

TABLE 7. Sørensen similarities indices (Chao et al. 2005) in percentages between the Chelan 
River and six comparison streams in the Wenatchee (Chiwaukum, Peshastin), Entiat (Entiat, 
Mad) and Methow (Lost, Early Winters) River Subbasins. Chelan River data pools all 
strata/periods from 2016–2017 drift sampling. Comparison streams pool all sites (varies) and 
years (2011–2015) available from the CHaMP database.   

Reference site Chelan R Mad R Entiat R Chiwaukum Ck Early Winters Ck Lost R 
Mad R 28.09 

     Entiat R 38.06 70.61 
    Chiwaukum Ck 30.30 24.06 25.78 

   Early Winters Ck 42.50 52.60 53.00 47.24 
  Lost R 46.77 38.49 39.15 37.36 55.26 

 Peshastin Ck 37.76 61.71 59.49 36.81 61.61 50.00 
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Organic Drift Detritus 

We analyzed the biomass of organic drift detritus in each strata of the Chelan River, as 
Ash Free Dry Mass/Weight (AFDW) by volume of water sampled (g/m3; Figure 14).  There was 
overall a greater amount of drift detritus collected in March than there was in August, except 
within the  tailrace and above dam which were relatively similar between seasons, and the habitat 
channel where there was greater drift detritus collected in August. Within Reach 1, in the spring 
there was a dramatic increase in drift detritus from the upper to lower sections, which was not 
evident in the August sampling.   

 

 
FIGURE 14. Total mass per sampled water volume (g/m3) of organic drift detritus in the Chelan 
River, spring and summer 2017.   
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 DISCUSSION 

The field data collection component of this project was completed without any significant 
protocol modifications, except for the addition of drift sampling to the Above Dam stratum using 
a drift net modified for trawling, and the doubling of replicate samples collected in all other 
strata.  Above Dam drift sampling was introduced in order to explore an additional dispersal 
pathway, and the increase in samples collected was intended to improve statistical power for 
comparisons between reaches and between years.  Both modifications were recommended in the 
2016 annual report following the first year of data collection and analysis.   

Spring sampling in 2017 occurred in March, whereas 2016 spring sampling was 
conducted in May. The temporal difference in the spring sampling periods may account for 
variations found in benthic and drift communities when comparing spring 2016 data to spring 
2017 data. Future spring sampling should be conducted in March to better standardize analyses 
and reduce potential bias, and sampling should continue over a sufficient time series to fully 
account for interannual variability.   

Benthic Macroinvertebrate Community- Taxonomic Diversity 

With a second year of data, the biological diversity of the benthic macroinvertebrate 
community, as measured by B-IBI, continued to be generally very low compared to reference 
conditions, and much lower than comparable streams in this ecoregion identified by water 
temperature, discharge profiles and water source. A third year of study planned for 2018 will 
further elucidate temporal variability and trends in the Chelan River benthic community, and 
help to identify specific limiting factors that might be possible to mitigate.  

Benthic Community Dispersal / Recruitment 

As in 2016, results continue to suggest that dispersal/recruitment is a key limiting factor 
to colonization in the Chelan River, especially for weak fliers such as Plecoptera (stoneflies) that 
rely on aerial dispersal mechanisms.  Downstream dispersal of benthic taxa from the lake into 
Reach 1 or the Habitat Channel appears to be very limited, and downstream dispersal appears to 
be most important from Reach 1 to the Habitat Channel.  Upstream migration is non-existent 
between any strata.  Final conclusions following planned 2018 study will attempt to identify 
possible means of reintroduction of key taxa that lack recruitment sources, if any are possible.   

Benthic Community Comparison 

Once again, low B-IBI metric scores in the Chelan River, relative to all comparison 
streams, suggests that high summer temperatures and lake source flows may not alone explain 
the low benthic community diversity of the Chelan River.  The addition of the Spokane River to 
this comparison provides similar conclusions.  More detailed statistical analysis will be possible 
with a third year of data, and should allow more comprehensive conclusions regarding the 
overall health of the Chelan River benthic macroinvertebrate communities, and possible 
mitigation strategies.   
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Drift Community Dispersal / Recruitment 

The addition of drift sampling above the dam in 2017 allowed a more comprehensive 
evaluation of drift macroinvertebrate dispersal mechanisms than in 2016.  However, results were 
similar and showed that downstream dispersal from the lake into Reach 1 is not a major 
recruitment source, and the lake appears to contribute a greater diversity of drift taxa to the 
tailrace and Habitat Channel than to Reach 1.  The contribution of the lake to the tailrace and 
habitat channel was significantly higher in March than August, likely due to sample timing 
relative to turbine operations and pumping of tailrace water to the habitat channel.   

It may not be appropriate to combine strata and periods for drift macroinvertebrate 
similarity indices considering the high level of variability in these metrics, but increasing the 
time series of this dataset could reduce noise and allow greater statistical power in analyzing 
trends.   

Drift Community Comparison 

Once again, biomass of the drift community in the Chelan River was higher compared to 
the six Upper Columbia CHaMP streams, whereas the taxonomic diversity was slightly lower 
than the Upper Columbia CHaMP comparison streams.  

In both years of study, the three species with the highest abundance, Cladocera, 
Copepoda and Hydrozoa, were most often captured in the habitat channel and tailrace, 
particularly during the spring sampling period, but were nearly absent from comparison streams. 
Hydrozoa were completely absent from the August sampling period, but were ubiquitous across 
March sampling. These taxa are also uncommon in the Columbia River, but have been found in 
previous plankton surveys in Lake Chelan (S. Hays pers. comm.).  It is therefore likely these 
species were entrained at the Chelan Dam penstock intake.  The presence of Copepoda and 
Cladocera taxa may not accurately represent the biodiversity of the Chelan River, but they could 
provide an important food source for fish rearing in the tailrace and habitat channel.  It is 
somewhat surprising that both of these lake-sourced taxa were rarely found in the Reach 1 
samples, but perhaps because the low-level outlet draws water only from the bottom 18 inches at 
the Chelan Dam, there is not as much exchange of pelagic organisms entrained by the low-level 
outlet as the penstock.  

Organic Drift Detritus 

Similar to 2016, we observed a greater amount of drift detritus in spring than in summer 
in Reach 1, and the opposite in Habitat Channel.  Tailrace and Above Dam were relatively 
similar between seasons. Within Reach 1, there was less spatial variability than in 2016, but an 
obvious linear trend in drift detritus from the upper to lower sections in March, which was not 
evident in the August sampling.   
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Recommendations 

1) Continue this study at the same level of sampling effort for at least a third year, to further 
account for natural interannual variability in community structures. 

2) Standardize the timing for spring sampling to the same month (March) for any future 
years of study. 

3) Add a second replicate for drift macroinvertebrate trawl sampling above the dam so that 
sampling effort is equally balanced between all strata.  
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APPENDIX: BENTHIC REFERENCE AND COMPARISON STREAM DATA 

 

Site ID Stream 
Name 

Comparison 
Group 

Taxa 
Richness 

Taxa 
Richness 

Score 
E 

Richness 
E 

Richness 
Score 

P 
Richness 

P 
Richness 

Score 
T 

Richness 
T 

Richness 
Score 

Pollution 
Sensitive 
Richness 

Pollution 
Sensitive 
Richness 

Score 

BIO06600-
ROBI77 

Robinson 
Creek 

Reference 
Site 41 4.8 8 10 8 10 7 7.5 9 10 

BIO06600-
TRCO09 

Tributary to 
Coleman 
Creek 

Reference 
Site 30 1 4 4.3 7 8.6 2 1.2 4 5.7 

SEN06600-
TWEN05 

Twentyfive 
Mile Creek 

Reference 
Site 60 10 12 10 10 10 10 10 11 10 

SEN06600-
TEAN04 

Teanaway 
River 
Middle Fork 

Reference 
Site 61 10 10 10 4 4.3 7 7.5 7 10 

BIO06600-
WILS09 

Wilson 
Creek 

Reference 
Site 57 10 10 10 10 10 6 6.2 11 10 

BIO06600-
FIRS09 

First Creek Reference 
Site 57 10 9 10 10 10 6 6.2 7 10 

BIO06600-
SHAD09 

Shadow 
Creek 

Reference 
Site 55 9.7 9 10 8 10 6 6.2 10 10 

BIO06600-
NTAN09 

Taneum 
Creek, 
North Fork 

Reference 
Site 57 10 13 10 6 7.1 9 10 12 10 

BIO06600-
STAN09 

Taneum 
Creek, 
South Fork 

Reference 
Site 51 8.3 12 10 8 10 12 10 14 10 
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Site ID Stream 
Name 

Comparison 
Group 

Taxa 
Richness 

Taxa 
Richness 

Score 
E 

Richness 
E 

Richness 
Score 

P 
Richness 

P 
Richness 

Score 
T 

Richness 
T 

Richness 
Score 

Pollution 
Sensitive 
Richness 

Pollution 
Sensitive 
Richness 

Score 

WAM06600-
008478 

Yakima 
River 

Lake-fed 
54 9.3 7 8.6 3 2.9 5 5 3 4.3 

SEN06600-
CLEE12 

Cle Elum 
River 

Lake-fed 
40 4.5 8 10 8 10 6 6.2 6 8.6 

WAM06600-
000586 

Palouse 
River 

Best Match 
32 1.7 1 0 0 0 1 0 0 0 

BIO06600-
SFCO10 

Cowiche 
River, 
South Fork 

High 
Temperature 48 7.2 7 8.6 5 5.7 4 3.8 3 4.3 

SEN06600-
UMTA18 

Umtanum 
Creek 

High 
Temperature 56 10 7 8.6 4 4.3 7 7.5 3 4.3 

WAM06600-
009134 

Teanaway 
River West 
Fork 

High 
Temperature 58 10 10 10 6 7.1 4 3.8 4 5.7 
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Site ID Clinger 
Richness 

Clinger 
Richness 

Score 
Semivoltine 

Richness 
Semivoltine 

Richness 
Score 

Pollution 
Tolerant 
Percent 

Pollution 
Tolerant 
Percent 
Score 

Predator 
Percent 

Predator 
Percent 
Score 

Dominant 
Taxa 

Percent 

Dominant 
Taxa 

Percent 
Score 

EPT 
Richness IBI 

BIO06600-
ROBI77 17 5.9 5 3.8 0.6 9.9 7.2 3.1 43.4 6.9 23 71.8 

BIO06600-
TRCO09 6 0 9 8.8 4.4 9 7.4 1.7 62.8 1.7 13 43.5 

SEN06600-
TWEN05 26 10 9 8.8 4.2 9 9.6 4.3 38.2 8.3 32 90.4 

SEN06600-
TEAN04 26 10 6 5 3.6 9.2 12.6 5.8 28.8 10 21 81.7 

BIO06600-
WILS09 20 7.6 11 10 1 9.8 15.4 7.2 31 10 26 90.9 

BIO06600-
FIRS09 21 8.2 11 10 2.2 9.5 14 6.5 27 10 25 90.5 

BIO06600-
SHAD09 19 7.1 11 10 0.6 9.9 15.2 7.1 46.4 6.1 23 86 

BIO06600-
NTAN09 28 10 9 8.8 0 10 10.2 4.6 39 8.1 28 88.6 

BIO06600-
STAN09 29 10 12 10 4.9 8.9 43.7 10 29.4 10 32 97.1 

WAM06600-
008478 23 9.4 6 5 8.6 8 4.4 1.7 46.6 6.1 15 60.2 

SEN06600-
CLEE12 20 7.6 9 8.8 0.6 9.9 11.2 5.1 42.8 7.1 22 77.7 

WAM06600-
000586 7 0 4 2.5 1.4 9.7 9.4 4.2 53.9 4.1 2 22.2 

BIO06600-
SFCO10 21 8.2 6 5 0.2 10 10.6 4.8 41.2 7.5 16 65.1 

SEN06600-
UMTA18 22 8.8 8 7.5 0.4 9.9 18.4 8.7 28.2 10 18 79.6 

WAM06600-
009134 26 10 7 6.2 3.4 9.2 11.4 5.2 26 10 20 77.3 
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