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Executive Summary

This study was conducted pyovide a baseline and preliminampderstandng ofthe food web and
physical habitat of Rufus Woods Lake (RWL), afdhe-river hydropower reservoir located
downstream of Grand Couldgam, so that the rainbow trout fisheganbe more efficiently managed or
enhanced.A laudable goal for RWL is to create a sustainable fishdswever, a myriad of information
is needed to fully understand a complex and rapidly changing reservoilasugbfus Woods Lake.

Commercial net pens are used in RWL witbalville Confederated Tribalrisdiction to rear and in

some cases intentionally release sterile rainbow trout (RBT). Determination of possible net pen effects
was not the primary goal ofts study, although positioning of sampling locations was performed
throughout the reservoir with consideration to net pen location. Generally conditions for rearing RBT in
net pens are good in RWIHoweverhigh river flow years and operating practica#sGrand Coulee Dam
have resulted irsupersaturated dissolved gas, gas bubble disease of aquatic organisrsavanel

mortality of the pen fish used for enhancing the fishand forcommercial fish farnproduction As

most of the fish caught in the RViikhery are from net pen origin, the net pens are considered an
important tool for managing the RBT fishery.

Presently, relatively large siEBTreleased by the CCT into RWL are purchased from net pen growers
operatingin the reservoir RBare releasal at different intervals throughout the year for fishing by CCT
members and nofireaty anglers. The fisire very heavy relative to length, and little was known about
their diet after releaselongevity in the reservoir, the supporting food web and th&rifiution of

different types of habitat in the system. Our study incorporates information from companion studies
conducted by the CCT Fish and Wildlife Departntigaitinvolved ollection offish stomachs for

analyses of contents by our teanf@CT B0 @nducted an acoustic tagging stud§th a separate
contractorthat is being completed at the time of this report productioWe surveyed the reservoir
extensively to create a digital bathymetric map so that the morphometrics of the reservoir could be
documented in relation to habitat feature$ocusing orthe biologicallyactive littoral (nearshore) zone.
Food web studies included benthic sampling using suction dredging, cobble basket deployments,
periphyton (attached benthic algae) studies using tile gkams and cobble scrapegre conductedht a
number of locations and times throughout R\Mginning in August 2010 and extending through the
summer of 2011

To place our results within the context of changing interannual conditions, we reviewed basic water
guality conditions in the Grand Coulee Dam tailrace from the past decade and contrasted those results
to conditions in 2010 and 2011 during this study. Several experienced observers of RWL had noted that
in 2010and 2011 macrophytes (rooted plants) wermmvered with epiphytic growth and many had a
slimelike coating.

Morphology of RWL

The bathymetric map and subsequaggographic information study313 study indicated that the

reservoir can indeed be considered as having three regions as first pabpgder. Quentin Stober in

1977: 1) a relatively shallow, narrow and very fast flowing tailrace that is retained with a large amount

of revetment on the right banlooking downstream)2) a generally wider and moderate depth fast
flowing mid river sectio® N2 Y { Sl 12y Qa DNRGS YlIye YAfSAa R2¢6yaiNB
increases with depth forming; and 3) a shorter Chief Joseph Pool area with greater deptypaneht

reducedwater flowvelocities(Erickson et al. 1977)RWL is unique among middalower Columbia

River reservoirs due to its very narrow, relatively deep morphology that limits the amount of backwater
fisheries and wildlife riparian habitat.
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The digital map was analyzed to construct tables of littoral habitat and other featuresithaated:

RWL is 11% shallow littoral by surface area and 2% by volume

Upper reservoir is 23% littoral by surface area and 6% by volume

Middle reservoir is 11% littoral by surface area and 2% by volume

Lower reservoir is 7% littoral by surface area afelby volume

Upper reservoir has highest, lower reservoir the lowest percent of shallow litraraéd habitat
Mixtures of fines, gravel and cobble are most dominant habitat class

Hard bottom habitat is dominant in upper reservoir

Macrophytes and filamentaialgae are most common in lower reservoir, least common in upper
reservoir

Medium littoral zone slopes are most common in RWL; steep slopes are least common

Steep and medium backshore slopes are most common; low slopes are less common

1 The habitat types saeventually be related to food web production contribution, but that was not
attempted in this preliminary project

Water Quality
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We provide water qualitglata analysiso illustrate that water entering RWL in the twtugy yearsof
2010and particularly2011exhibited increased concentrations of total phosphoamsl dissolved
inorganic phosphorus (orthophosphatafter a multidecade period of declines to the 20@009 period
that qualified the reservoir as nutrient poor (oligotrophic). Several other nmaality variables showed
major departures from the norrespecially in 201ihcluding: elevated ammoniaitrogen, water

column chlorophyla (an indicator of phytoplankton standing stock), fecal coliform, turbidity
Concurrent educed dissolved oxygenmeentrationswere measured

The specific causes of the water quality change entering the reservoir appears to be related to higher
than normal midsummer river discharge in 2010 amdichhigherthan-normal river discharge in most

of 2011. High flows iregulated rivers may result in shoreline flooding and erosion and resuspension of
bed load (river bottom) which mobilizes nutrients and fecal coliforms from riparian and tributary runoff.

|l A3K Ff2648 Ay HnanmmI O2Y0AYSRIMMIIKE (AKYS WS RIFOS LAT
instead of spillway (over the top) discharge and the loss of turbine generation through {iooely
maintenance work, all resulted in excessively high total dissolved gasses in RWL for weeks. Wild fish
(including ESAistedfish downstream) and invertebratesvere adversely affected by this unfortunate

event and millions of dollars of fish loss occurred at the net pens in RWL. Such events have happened
previously, but the cumulative effects on the food web for our studyrarigfully knownand no

mitigation has been attempted for waters within Rufus Woods Lake

Macrophytes, Periphyton and Blue Green Algae

Given the above, our study occurred at the most inopportune time if we were interested in
R20dzYSy dAy3a ay diNWdwere &bl yoReizé the2ogpdriudity to understand the system
in its perturbed state by increasing our emphasis on algal commutfiteésppeared to be alterednd
worked cooperatively with other users and managers of RWL.

We found noxious forms dilamentousperiphytonand benthic diatom®n macrophytes throughout
the lake where macrophytes occurred, often varying highly in density over scales of a few meters
distancethat wasrelated todifference inexposure to water currents. Areas of highakohad
macrophytes that were mostly free of periphyton, but macrophytes in calm areas were much more
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commonly covered with periphyton including dominance by the noxious sp8piesgyrasp. and
Cladophorasp. The former has been a problem in upstreanthes and tributaries of the Columbia

River and the latter was a major problem in the {890 era when thousands of kilograms per day of
phosphorus were being discharged into Lake Roosevelt from a fertilizer plant in Canada. At that time,
Cladophorasp. brmed large floating mats in Lake Roosevelt that led to the call for phosphorus
discharge abatement.

An additional problem occurred in 2011 with the appearance of floating mats of algae in RWL that
tested positive for anatoxia, a biotoxin associated witblue green (cyanobacteria) algae. The

reservoir was posted by the US Army Corps of Engineers to warn user groups. Sampling by USACE and
consultants for Pacific Seafoods showed the presence of small densi@ssitiatoriasp., a potentially

toxic blte green organism. Professor Wayne Carmichael was hired by Pacific Seafoods to advise and
conduct taxonomic analysis of samples along witonsultant hired by the USEC A 1992000 study
downstream of downstream Rocky Reach Reservoir indicated blea gigae had peak biovolume
occurrences in February, June, and August and were principally represen@titigtoriaspp. and
Aphanizomenon fleaquae These species were found in subsamples in RWL in 2011 mostly within
floatingmats accumulating justteve Chief Joseph Dam along the boomstick used to catch debris
(although the latterspecieds often misidentified) While conducting bathymetric surveys, we navigated
the entire shorelinarea in depth of < 5 ran both banks to make observations abadlé presence or
absence of filamentousguiphytongrowth onmacrophytes. We observed and sampfkxting mats

from upstream in RWL near Buckley Raralgal species composition and abundaace found variable
concentrations throughout the lake, suggestthe possibility of ampstream sourcelHowever, imited
observations in Banks Lake and lower areas of Lake Roosevelt did not detect any of the floating mats,
thus the actual sourcdistribution of the mats remains undetermined. These algal events, aldtig

the shift in water quality observed, augur strongly for the need to monitor Rufus Woods Lake more
closely in the future and to seek to understand the source of the degraded conditiamsvidence
collected to date indicates that the RWL net penssead or exacerbated the 2011 periphyton conditions
discussed herein, but as noted above, the determination of net pen effects was not a primary goal of
this study.

Food Web Conditions for Rainbow Trout

Studies of primary and secondary productivity anchgiag stock were conducted in RWL during August
2010 through September 2011. These included: 1) cobble scrapes and artificial substrate sampling of
periphyton to document periphyton assemblage structure, colonization, and primary productivity of
periphyton and 2) benthic suction dredge sampling within the littoral zone and placement and recovery
of cobble baskets to document benthic assemblage structure, estimate invertebrate colonization, and
benthic secondary production standing crop both sptiand emporally within RWL.

Periphyton Growth Substrate Tile

Periphyton,(a complex mixture of algae, cyanobacteria, heterotrophic microbes, and detritus that is
attached to submerged surface@)clude a wide array of possible autotrophic (photosynthetic) taxa,
heterotrophic (nonphotosynthetic that use organic carbon instead of fixing it) taxa or mixtures of the
two. They are extremely useful indicators of trophic level and ecological status in freshwater aquatic
systems when assessed for taxonomic composaiot community structure, biomass (i.e., chlorophyll
aand ash free dry mass concentration per unit area substrate) and autotrophic index (in this case
chlorophylla concentration divided by ash free dry weight of sample).

We collected and analyzed perigby samples collected in August 2010, September 2010, October
2010, and July 2011 from several locations throughout RWL. Statistical analyses includeetmon
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multidimensional scaling (NMS) ordination to explore and document spatial and temporal ytenph
assemblage structure. NMS allowed us to visualize relationships in the periphyton assemblages and then
formally test several of these inferred relationships including location, depth, and seasonal differences
using ANOVA and other standard statistmacedures. We then analyzed and compared chloroghyll

ash free dry mass (AFDM), an autotrophic index (Al), and soft bodied algae relationships in RWL and
with other select river systems.

We found seventy six algal taxa in RWL that formed assemblagels vdried by relative abundances
and composition. These assemblages varied by location, season, and to a lesser extent depth, soft
bodied algae vs. diatoms, and early colonizing taxa vs. later successional taxa. Sevieodisgfalgae
dominated the algl assemblages including at least two noxious filamentous green algal taxa,
Cladophorasp. andSpirogyrasp., as well aa potentially toxic cyanobacterial speci€3scillatoriasp. In
addition, one cobble scrageom the middlereaches of RWL contain@tells ofDidymosphenia
gemenataa nuisance species that has reached epidemic proportions in several large tail water
tributaries of the Columbia River upstream of RWL. Periphyton chloragpobgticentrations in October
2010 data varied by site and deptiith a mean of 12.8 mg/f(median = 7.9 mg/R). AFDM was not
observed to statistically vary by location, season, or depth and had a mean of about’15§m
0.5g/n"). The autotrophic index varied by location with a mean of 0.16 (SE = 0.02), indibating t
autotrophic conditions predominated in many locations in RWL in October 2010. Chloraghyll
AFDM values in our study were within the range of values found in other temperate, western North
American riverine systems.

Suction Dredge Sampling

We colected benthic samples using suction dredge and SCUBA from quadrats at various benthic
habitats and depths (1 to 8 m) in October 2010 and April and July 2011 from five locations in RWL. The
resulting data vere analyzed with NMS ordination to determine $iahand temporal relationships of

benthic assemblages. We then conducted several additional statistical analyses including summary
statistics and other graphical representations of the most important data. We estimated energy
densities and caloric valsef the benthic assemblages and explored basic ecology of the assemblages
in relation to RBT diets and with other fisheries.

Benthic assemblages varied with season and location. Location differences were primarily due to the
different habitats sampled beveen the upstream (primarily cobble) and downstream (primarily fine
sediments and macrophytes) sites. The overall mean benthic invertebrate density was Z,886/m

390; Min = 48.7; Median = 1,542; Max = 10,415). We consider these densities to inghégthormal

range for many trout fisheries but tending towards the low end. About 33 families of benthic
invertebrates were collected from a wide array of life histories and ecologies, which translates to the
availability of RBT diet items throughoutetlyear. Sculpins, an important trout food item, were
observed in all the upstream (upper and mid reservoir) sites but not in any of the downstream sites
(lower reservoir). Estimated sculpin density ranged from abel®/in” in the upstream sites. Benthi

dry weights were highly variable due to occasional large crayfish, caddisflies, or snails in the samples.
The mean dry weight of the October 2010 samples (without crayfish) was 4.29 gra(@SE= 0.43, Q1
=0.15, Median = 1.66, and Q3 = 7.26). Egtithdry weight samples with crayfish was 34 §/m

Crayfish were often extremely abundant in RWL, especially in the mid to upper river sections.

An extremely important finding in the suction dredge sampling was that we did not collect any native
signal cayfish,Pacifastacus leniusculuisowever, 431 invasive Cambaridae crayfish were collected.
These nomativecrayfish are highly invasive and when established may have far reaching effects on
biodiversity, community structure, energy transfer, food wedffects on fisheries, and severe effects
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on the structure and functioning of RWL. Cambaridae crayfish are known predators of snails, an
important RBT food item in RWL. Crayfish and stmihdancevere significantly negatively correlated
with each other.

Functional €éedinggroup analysis relates the types of feeding strategies of organisms in relation to their
food resources. Functional feeding groups in suction dredge samples were dominated by gatherers (70
90% of the total). The most common gatheressre midges, worms, and, scuds (amphipods). Scrapers
were the next most abundant feeding group and most of these were snails. Oligochaetes (worms),
crustaceans, midges, and snails were typically the most dominant taxa in the benthos. Suction dredge
sampes were only collected in the littoral zone and may not entirely reflect benthic assemblages that
occur at greater depths. The absence or low densities of mayflies, stoneflies, and caddisflies in our
samples suggest that RWL is somewhat compromised bidgtogical integrity due to reservoir flow
regulation that does not match the requirements of these species.

The seasonal and location differences in benthic macroinvertebrate assemblages can directly affect
trout diets and their distribution in RWL. ¢nder to survive and grow, trout must learn to recognize,
track, and successfully forage for these benthic assemblages as they vary by location and season.

Cobble Baskets

We placed twentynetal barbecuédaskets stocked with conditioned cobbles at 3, 9 46 meters

depth and seven locations in RWL starting on August 28 and 31, 2010. Invertebrates were collected
from cobbles, counted, and identified on six collection dates. We conducted several summary statistics
and created graphs with the datdVe al® conducted ANOVAs to examine the effects of depth, month,
and location differences in total abundances of invertebrates.

Over 100,000 organisms were identified from the baskets. Dominant taxa included hydra, flatworms,
scuds (amphipods), snails and semted worms. Three of the 86 baskets had thousands of organisms
each, ranging from 5,600 to 92,000 individuals, but were dominated by just a few taxa. The remaining
baskets had an average of 128 organisms each, mostly flatworms and hydra. Relatienaleurf taxa

in the cobble baskets was similar to that found in suction dredge sampling. However, important
components of the benthic community such as crayfish were not represented in the cobble baskets in
most cases. These baskets were also subjecanalalism and loss, and sometimes were compromised

by being trapped in macrophyte beds. Properly constructed, placed and sampled cobble baskets remain
a potentially powerful tool for further studies in RWL.

Trout StomachSamples

CCT biologists and tediians collected a total of 409 fish stomach samples during their creel surveys
from April 2010 to August 2011 and from a gillnet study conducted on June 7, 2011 and July 7, 2011.
Organisms in stomachs were identified to lowest practical taxon alongdeithmentation of remnants

of fish pellets and other contents. We calculated several summary statistics and graphically analyzed
the stomach content data, again focusing primarily on RBT stomach contents.

At the time of this report, we had access2010RWLcreel census length and weigRBTdata with a

total of 179 fish. A large proportion (61%) of the total was less than 1#&gnean size of releases in
2010and 2.9% of these fish were adipose clipped, indicating Lake Roosevelt enhancement project
origin. Most of the acoustically taggeket pen RBThat were laterrecovered lost weight (about 5%

loss) but this was for an average period of only 17 dengsa small sample siz&8hese data do not
necessarily explaitie originof all the smaller fishbut simply because a smaller (i.e., < ~ 1 kg) fish is not
fin clipped does not mean it is a RWL net pen fish, agkife net perish periodically and

unintentionally escapeGiven that most acoustically tagged fish were tracked and present for a short
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time (a few days to several months) and the mean residence time of acoustic tagged fish recovered was
only a few weeks, as well as the fachatithe mean weight loss of thecoustically tagged fisiecovered
averagedb%, we believe thagomeof these smaédr fish may have beeRWL or Lake Roosevelt net pen
escapedish. However, we cannot discount the possibility of natural production of RBT in RWL because
there may besuitable gravel$or spawning and in the past Lake Roosevelt hatchery fish were often

diploid (not sterile). CCT managers have thougate is little natural RBT production in RWL, but no
dedicatedstudy of the issue has occurredne of us (JR) has documented other wild Chinook salmon
spawningm the mainstem below Wells Dawhere gravelsvere highly suitable for salmonid spawning

Diets of the 409 fish from 2010 and 2011 we examined varied significantly among fish within and
between time periods. At least 96 separate prey taxa (mostly identified and grouped by family level)
were found inthe stomach samples ranging from a total of 56,273 individual organisms in RBT
stomachs; 5,428 organisms in walleye stomachs and 175 organisms in northern pike minnow stomachs.
Twenty five percent of the RBT stomachs (N = 73) were elyttthere was sigificant variationof

mean percent emptyamong sampling periodsOf the remaining 75%, most had < 4 different kinds of
prey taxa in their stomachslhe mean number of taxa occurrence in RBT stomachs varied between
months with the overall mean = 2.6 taxAquatic based food items made up more of the RBT diet than
did terrestrial food items but terrestrial food items were almost always present in stomachs except in
Jan/Feb 2011 and March 2011 samples. There was also an obvious seasonal shift inelieist Th
majority of individual organisms in RBT stomachs were very small pelagic crustaceans (e.g. daphnia,
copepods, ostracods, etc.) followed by diptera (midges and flies), snails, and terrestrial arthropods
(insects and spiders).

There are tradeoffs (cts) between food energy content, the amount of time and effort needed to

capture and handle food items and their digestibiligrayfish and fish were less abundant food items in
RBT stomachs than other taxa but obviously are much larger than almosttal ather food items.

From14to 17 of the RBT stomachs examined contained crayfish (9%) or-88h)(5However, most of

the crayfish and fish occurred in only a few trout stomachs. This could indicate that few RBT had
acquired the skill or abilitto feed on this often abundant food source in RWL, particularly in light of the
fact that most of the RBT were large fish (> 30 to 40 cm). Snails were abundant in RWL and provided a
substantial portion of RBT diets throughout the study even though theg iradigestible calcareous

shells which do not provide food energy. Most of the other taxa consumed by RBT in this study were
more or less similarly digestible for RBT depending on if they were soft bodied as larvae or adults (more
digestible, e.g. may#, dragonflies, worms, etc.); hard bodied larvae or adults (less digestible, e.g.
scuds, beetles, etc.); their availability as adults when emerged (low to moderate capture rates, e.g.
dragonflies, mayflies, caddisflies, etc.) or if they were cryptic babitats mostly unavailable to RBT

(low capture rates, e.g. worms beneath the reservoir bottom surface). Many of this sessile or semi
sessile prey require less energy to capture than do crayfish and fish. The proportion of such prey in RBT
diets shouldmore or less be related to their relative abundances, availability, capture rates, and

handling times, all of which were supported by the stomach sample data. Water column surface feeding
by RBT on terrestrial invertebrates occurred throughout the stegign in early winter.

Walleye and RBT diets were similar except that proportionally, walleye had substantially more pelagic
crustaceans than did RBT. However, 36% of the walleye stomachs contained fish as compared with 5 to
8% of the RBT stomachs. Cresmhsus walleye were approximately 40 to 52 cm length, an important
consideration when choosing a revised RBT planting size. Most of the food items found in RBT and
walleye diets were also found in northern pike minnow but at different percentages. #zapphat all
GKNBES aLISOASaQ 6w. ¢ Inindokw)dietsavélap to-sghie exfedt bdd KIS LIA |1 S
species are indirect competitors. It also appears that the invasive crayfish may also compete with RBT
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for snails (and other benthic prey), wh may have strong fisheries management implications as such
crayfish sometimes can become extremely abundant.

Recommendations

Our study was the first of its kind in R\&fd this study should be considered as a baseline study for
future research. Thidwdy included: habitat mapping, physical, chemical, and biological (algae and
invertebrates) assessments of water quality, estimations of periphyton and invertebrate standing crops,
and prey item availability and diets of several fish species with a fottise RBT fishery. There is also
wealth of information contained in the raw data analysis files that we have provided to CCT that can be
used to address further management questions. We recommend continuation of these studies in RWL,
particularly in lidnt of the fact that the two years when we conducted the research were abnormal high
flow years with associated and disturbing anomalies of water quality and algal communities in RWL.

We reemphasize that water quality is critical for maintaining and meaggiisheries in RWL. The
usefulness of algae (periphyton) and invertebrate population assessments in river water quality
biomonitoring programs is well established and has many advantagapared to the use of chemical
water quality measures. Howeverp biomonitoring of RWL water quality has ever been conducted on

a regular basis except for stable isotope monitoring of invertebrates near fish farms. Our data provides
this baseline informatiomnd can be used in the future along with nutrient, chlorglbland water
transparency to track the health of this water bodyWe do not envision the need for any one agency or
organization to address the extensive list below, but hope that cooperation among stakeholders will
occur.

Habitat Surveys

Our habitat suveyswere based on ~0.5 km (1/3 mile) increments of the littoral zone of RWL. We

readily acknowledge that in some locatidhss is an insufficiently short increment. It is, however,

simpleto perform such surveys and add to the existing EASgd@tButer system. This is a task that

Tribal staff can do at any time during the algal growing season from about April through October. Other
habitat areas of RWL remain to be explored, especially conditions in the deep areas of Chief Joseph Dam
pool that werenot a topic of this survey. The digital bathymetric map provides a good representation of
the lake bottom and overall morplmoetrics of RWL. However, the accuracy can be imprexdbut

further field workby manual interpolation of waypoint depth dataoaly the shoreline in selected areas.

Periphyton

We suggest that periphyton sampling should be a high priority and continued by using quantitative and
gualitative means to determine overall species composition, i.e., beneficial versus noxious.species
Quditative periphytonmethods that are simple to perform include annual photographic recording of
macrophyte infestation with periphyton at exact locations with replicates nearby. This method is

already required neaPacific Aquaculture fistarms by CCpermit requirementsand when done on a

regular basis with set protocols can provide useful reservoir health informafinantitative methods

may include: 1) cobble scrapes from cobbles collected below the water surface fluctuation zone and 2)
using tiles mced in cobble baskets at several depths and at permanent site locations. Each of these two
methods produces different but complimentary results.

Invasive and Noxious Species

Invasive algal and invertebrate species pose a large threat to the RWLdssh®@/e highly recommend
that nuisance and noxious alga be monitored closely, particularly the diBidgmosphenia gemenata
(&didymcg) because of its presence in RiWI2011 in the middle reachSpirogyraand Cladophora
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filamentous algaeare also prioriies given what occurred in 2010 and 2011. Monitoring of these algae
can be done concurrently with cobble scrapes and tile samples.

We also highly recommend monitoring the native and invasive crayfish populations in RWL. This well
established invasiverayfish may very well severely alter the biological communities in RWL and have
important effects on its fisheries. Replicated crayfish traps placed in several different habitats and
locations would be an excellent cost efficient method for monitoringuydagon dynamics and relative
abundances of the native and invasive crayfish but with the understanding that there are limitations of
crayfish trapping methodsRelative population estimates of crayfish and spatial distribution can easily
be determined byTribal staff through a test fishery using carefully placed and monitored traps that are
operated with specific protocols. The food habits of these crayfish could potentially be determined by
stable isotope analysis, as there is a growing database ofisfocmation from other studies in RWL.
However, crayfish are omnivores and often shift dietary preference by season and with age, and stable
isotope analysis is difficult to interpret for organism with multiple and shifting food sources.

We collected sveral dozen suction dredge samples in September and October 2011 from the same sites
reported herein. These samples were collected to measure annual variability and potentially examine
the effects of gas bubble disease on the macroinvertebrate assentlaee samplesere not part of

our contract requirements antdave not been analyzed but should be and future collections should be
made in consecutive years in the same locations to measure annual variability and the response of
macroinvertebrates in RWth gas bubble disease.

Invertebrates

Invertebrate sampling using cobble baskets should also be continued for measuring community
assemblage changes over time. Suction dredge sampling should also be continued but because of its
expense, should be limitetd one or two sampling dates within a year and at only three to four

locations. Suction dredge sampling allows for better estimation of benthic invertebrate standing crop
than does the use of cobble baskets. Again, cobble baskets and suction dredgegamplide

different but complimentary information that we consider necessary for managing RWL fisheries. The
locations where we collected data and the methods we used may provide a foundation for continued
routine monitoring with additional sites, relation of sites, and modifications of the methods

performed as necessary

Wild non-salmonid Fish Populations

Estimating abundances dbaitfishé other than sculpinss a research prioritgs little work has been

done in RWL on this topic for decades. Bsithrea potentiallyimportantfood items for larger RBT, but
the general lack of occurrence in most fish stomachs is an enigma and their avagailoility
spatial/temporal habits relative to RBT feeding habhsuld be estimatedThe existing situatiors,
however, an advantage if it is determined that emigration rates downstream out of RWL are high
because wild salmonid juveniles including ESA listed stocks must be protected. Several capture and
monitoring methods are available including gill nettingabh seining and baitfish traps. &minimum,
estimating the relative abundance of the available baitfish taxa should be conducted in several habitats
and at several locationdn addition, because sculpins are a preferred food item of RBT in many trout
fisheries, a better understanding of sculpin distribution and halsiteecommendedVisual observations
from snorkeling, underwater cameras or watercraft could be useful methods.

RWL has a large population of caifhis speciesi 'y & S 02 & &hat Sanaltebrited A y S S NJ
ecosystems for the worseCarp uproot macrophytes, increase turbidity, eat benthic food items and
game fish eggs. We suggest initiating a carp removal /reduction plan infRRY¢hould not be difficult
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to conduct Carp are grouppawners and many of their spawning locations are known. For example an
intermittent tributary to RLW on the left bank near China Bar (and River mile 576) is a prime spawning
location for carp. This backwater area could easily be netted off when cagpavwning and the fish
removed. This would eliminate millions of potentially destructive carp fry from the system. Other
spawning locations can also be located and netted.

Rainbow Trout

As noted aboveRBT length and weight relationships suggest #iuate of the RBTapturedin RWL

were notfrom intentionallyreleasedRWLnet penstock. This could be due to downstream recruitment

from Lake Roosevelt fisinknown escapes from RWL net pengpossibly RBT that were reproducing in
RWL.There have been nstudies attempting to determine if there is a sslistaining population of

WgAtRQ w. ¢ AY w2[® ¢KAA A& Yy AYLRNIFIY(d dzyly26yo®
spawning habitat exists below the depth zone that we have measured andatetingisually in the

current study and to more closely monitor angler captured RBT for signs of gonad development,

particularly during spawning season as well as location of catch by interview.-shiselihing

population of RBT or one that is minimallygmented with hatchery fish would be much less expensive
GKFY F WLlzi yR GF1S8SQ FAAKSNEO® 2S ¥20dzaSR YdzOK 2
of RWI.and it must be stated that working in the upper region is technically difficult dunggh flow

rates, but it can be done if timed properly and coordinated with Grand Coulee Dam operations

As a result of this study, we recommend that the RBT planting program be altered to produce smaller
fish that are less heavy by rearing them in sepagens The releases could becrementalbut spread
over more timeto the extent possiblelt is apparent that the overly heavy fish presently planted are
popular with anglers, but the cost effectivenesgptdnting them seems doubtfulEstimating thdrue
cost/benefit ratio will remain difficult until a better assessment of survival and fishery contribution of
the intentionally released RBT is availablée believe he very large fish are atlzehavioral

disadvantage to smaller fish in having beerirteal in the hatchery and net pen to eat only fish food
pelletsfor a much longer periadLess rearing time in artificial production facilities and consideration of
different stocks oRBTto plant should be examined as means to improve fishery contributtsom the
available stomach and food web and acoustic tagging redidtsissed herein, we conclude that
intentionally-released RBT are often caught very quickly or disappear downstreaarandt

accountedfor at any of theacousticmonitoringstations. Whenwater temperatures warm above
optimum, we believe thge out of proportion fistmay have difficulty simply maintaining their body
mass and basal metabolisamd those that are not skilled at wild feeding may rapidly succumb.

We recommend that additinal creel census sampling be conducted, particularly during late summer,
because the percentage of empg®BTstomachs variegdignificantlywithin and between yearsYear

2011 was such an atypical river discharge and water quaditipd that the resultsnay not be
representative of normal years and the 2011 length and weight data was not yet available for our
consideration.Collection and archiving &BT and walleyscale samples should be initiated, to
determine fish age and help determine fish origiro this end, a single database of intentional and
accidental fish releases from net pens from RWL and Lake Roosevelt is needed to help determine fishery
contribution rates and efficiency of differing planting strategies. In addition to creel census work
variable mesh gill net sampling could be conducted over sieonh periods and constantly monitored
by Tribal staff, to provide a different source of fish morphometrics and stomach content data. Such
information may show within lake spatial variationtraresently available in the creel census data as
boat anglers are highly mobile.
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Judging from the limited information available of walleye size in RWL, avoidance of smaller RBT at
release may be achieved by releasing RBT larger than 500 grams thatw@bdut 37 cm fork length,
using existing length and weight relationshghscussed hereirit would be desirable to have more
complete information on the walleysize frequencyefore commencing this programA revised net
pen release program siild be based on separateontract rearing arrangemeatfrom the normal,
overly heavy fish production system. This could be accomplished thrbeghst of separate pens at
one ofthe commercial fish farm sitesAt releaseof RBT from the pengstimates of measize and
weight as well as variance data should be gathecelelp facilitate probability analysis of fish origin
and as a quality assurance measure of the size frequency of the purchased fish.

Future Coordination

In the past theRBThet pen industry irRufus Woods Lake has assisted the CCT in collecting background
water quality data that was either not collected by state or federal agencies or not of high enough
quality, i.e., nutrient data with very sensitive detection limits. The Washington Depattofiétology

has contributed greatly by maintaining the Grand Coulee Dam tailrace water quality sampling station
that constitutes the longest record of water quality in the river and in recent decades has improved
greatly indetectionlimit quality. The Us. Bureau of Reclamation maintains a remote sensing water
guality station downstream of Grand Coulee Dam for selected parameter that is a potentially valuable
real time and historical database but needs improved quality assurance measures. The U&orfsny
of Engineers is the agency charged with operating and maintaining the reservoir and has conducted
riparian habitat enhancement work and other management functions and has an interest in all activities
within the system

We recommend that all stakehars coordinate and renew their efforts to share sampling and analyses
of water quality, habitat and fisheries data to further the wise resource use and public benefit of Rufus
Woods Lakgiven the recent problem in Rufus Woods Lake in 20%ie operatiorof Grand Coulee

Dam must take into account the damage that occurs to the aquatic food web in Rufus Woods Lake in
high river discharge years if any progress is to be made in maintaining a healthy fishery for Treaty and
non-treaty users groupsSuch coordiation could include an annual meeting to discuss ongoing and
future work and networking to maximize efficient use of public funds and benefits
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Project Goals

The goal of this project was to collect limited primary and secondargumtovity data in Rufus Woods
[F1S FYR O2YLINB (GKS 20aSNBIFGA2ya (G2 RASOINE LINBT
and othe game and norgame fish taxaA three dimensional GIS was utilized to build a bathymetric

map of the reservoirfocusing on the extent of littoral zones that are the most productive aquatic zones
of the lake. By knowing the extent of different types of habitat, a crude estimate of the productivity of
the lake for supporting trout and other fisheries could be mstied and compared to other Western

North American rivers. Ultimately, these data and methods could lead to a carrying capacity estimate, if
the rate of growth, entrainment and emigratiaf released fish were knownA companion project was
conducted bya separate contractor in this regard, but data could only be qualitatively considered as

that project was completedt the same time as our studin addition, data collected and analyzed in

this study can be used to guide alternative fisheries manageistesiiegies.

General Description of the Reservoir

wdzfFdza 222Ra [I1S OKSNBIFFOISNI FooNBGALFGSR aw2[é0 Aa
mainstem Columbia River beginning at River mile 545.1 (river km 877.3) and presently extends 51.5
miles (829 km) to Grand Coulee Dam at River mile 596.6 (river km 960.1) (Figure 1).

w2 [ A& y20 I GNdHzZ & | afl1Sé3 0 daf-thé-rivadredddoir,Fhiata & F  dza
resembles some other downstream reservoirs in the Columbia Rivers buidue in its narrowness,

lack of shoreline complexity and backwaters compared to downstream resenhodsed, when

navigating on the river in spring runoff period, it feels more like a fast flowing river in the upper and
middle reaches than like aservoir that most people are familiar with in the Pacific Northwest.

However, the pools above Chief Joseph Dam can be tranquil and lacking in apparent current at times in
late summer or early fall. Unlike the other reservoirs, it is very narrow througiost of its domain,

relatively deep with a limited littoral zone. RW.L is relatively young, first created in 1955 through the
construction of Chief Joseph Dam as a 44 miles (71 km) reservoir. Later the dam was raised to inundate
the entire distance of 5.5 miles (82.9 km) to Grand Coulee Dam. Prior to creation of the upper

Columbia River dams, the section of the river inundated by Chief Joseph Dam was regarded as
treacherous by natives, settlers, surveyors, and scientists that were familiar withgartloular, the

four mile section of the Nespelem Canyon, Box Canyon, etc. had many formidable rapids often with
large house sized boulders that claimed the lives of many individLeysn@an 2002).

Dr. QuentinStober and his students provided the onlyrfal study of the reservoir and surrounds,
whichwas done prior to the raising of Chief Joseph JBntkson et al. 1977)Although these authors
provided estimates of RWL morphometrics predicted to occur after impoundmernnethods were
provided to expin their estimatesso subsequent quality assurance is not possifilee assessment of
fisheries resources in RWL in 1997 by Stober were rather dismal, in part because the reservoir was
relatively new, with turbid water from bank sloughing, excessivalgdgpduction includingCladophora

sp. from Lake Roosevelt and a benthic community that was transitioning from a more free flowing river
commurity to a reservoir communitylUnfortunately, no attention was focused on benthic primary or
secondary productii @ Ay { (020SNRa& mMdpT T a @xdeRtison Nicasighal efigris 2 G K S N
by fish farm consultantsWater quality and aquatic communities in RWL has also greatly changed since
1977 as discussed herein.
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Figurel. Vicinity map of Rufus Wood Lake (RWL), a reservoir of the-@adumbia River bounded by
Grand Coulee Dam upstream and Chief Joseph Dam downstream.

Methods

EASy Aquatic Geographic Information System

EASy (Environmental Assessment Systemg am Windows desktops and servers. It provides a 4
dimensional home (latitude, longitude, depth or altitude, and time) for the diverse types of data
collected by aquatic scientists. Figure 2 shows the general capabilities of the software. The right han
side of the diagram illustrates that the software can be run as a desktop application or can be run
remotely over the Internet using common browsers. The desktop mode of operations offers a greater
range of capabilities and is used to create customiappbns such as the one proposed here. When

the application is placed on a server and the Netviewer jiuactivated the project can be viewed,
analyzed, and queried interactively by the web client. The Netviewer is considered to be the most
powerful, web-mapping software available. Most importantly, clients can choose data from the projects
database and imagery file onto their own computer. Project information can be viewed in either of two

modes: browsed independently of time or presented sequédiytia time (stepwise or streamed) for
selected duration and time intervals.
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Figure2. EASy GIS components.

The left hand side of the diagram illustrates that the software provides interfaces to import and
visualiation and processing tools to integrate the full suite of data types and formats for environmental
information. As shown these data types include entries found in relational databases, raster and vector
imagery, vector formats as well as multimedia amdtdito the Internet. Specifically, moving from

bottom to top, interfaces are provided to import vector files of coastlines, shorelines, bathymetry, and
stations in formats such as ESRI shapefiles and ID¥Ffaces also are provided to automatically ionp

and geareference over 40 types of oceanographic imagery including those used for ocean color
imagery. This interface also handles other raster formats commonly used by electron maps and
photographs. EASYy provides a Virtual Database Wizard for imp@&@L command databases such as
Access, SQL Server, and Oracle as well as Excel spreadsheets and ASCII files. Since the software contains
a flexible contouring algorithpinformation gridded data found in the database can be visualized not

only as statias but also as contours and raster images. This facilitates data integration and analysis. At
the top of the figureone notes the capability of linking to the Internet or rd¢imhe data streams. It has

full multimedia capability. Since all data thaedound within a project are stored in their native

format, these data can be easily exported to other commercial mapping software such as ARC View and
MapServer.

la aKz2gy Ay GKS OSYyiGNIf aLINRPOSaairAy3dé O2s0m2ySydsz i
models and algorithms. Since the software is COM compatible, it can be easily linked to other

compatible software. For example, EASY is linked to Excel so that selected data can be easily moved

from the project into spreadsheets for graphical andtistical analysis. Itis also linked to Visual Basic.

The software contains an interface for adding custom computer code that has been compiled as a

dynamic link library. Code written in FORTRAN, Visual Basic, and C can thus be added to the processing

OF LI oAftAGE F2NJ I IAAGSY LINRP2SOG® 9! {eQa !tL |ff26a
visualization and analysis tools that have been already developed for the software.

EASy software is described in greater detail and examples of projects peselath it are found at
http://www.runeasy.com
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Bathymetry General

Bathymetric mapping was conducted beginning on August 1 to 5, 2010 (cross channel transects and
many longitudinal transects); August 29, 2010 (Gr@odlee Dam tailrace); September 1, 2010 (Chief
Joseph forebay); and July-29, 2011 (additional longitudinal transects and an entire nearshore transect
of the entire reservoir). Data sets from 2010 and 2011 were both collected during time periotls of lit
water surface elevation variation.

A Garmin GPSMAP 188C (WAAS enabled) GPS/Sounder was used for all bathymetry measurements and
was previously QAQC checked for depth accuracy with a surveyors tape in a calm location to about 10m
RS LI K® ¢ Kefrepnirlg GcQuiiacylvas{checked and recorded regularly during surveying.
Location accuracy was generally <3 meters at all times, and results were adjusted to account for
submerged depth of the transommounted transducer.

A total of 7,347 shoreline GR&ypoints (0m depth) and 19,410 bathymetric waypoints were utilized for
this study. Shoreline waypoints were generated using Google Earth with imagery dating to 06/30/2006
(more recent versions were affected by weather). A GPS point was collected vehémene was a

minor turn or inflection of the shoreline.

All depth data were manually inspected for outliers in the software progr@arsninMapSource,
Microsoft Excel and EASy GIS (bathymetry mode) and a few overly deep observations were discarded
from the Chief Joseph Dam forebay.

Bathymetric waypoints were recorded during multiple longitudinal@md downstream) transects,
crossreservoir transects and nearshore navigation cruises along the shorelines of Rufus Woods Lake.
Location and depth were recded at each point. Longitudinal transects ran up and down lengths of the
reservoir at different distances from shore. For instance, one transect was taken in the middle of the
reservoir, two were taken approximately halfway between middle and shooe, @PS depth waypoints
were recorded everyt5 m (50 ft.) except in the Grand Coulee Dam tailrace and Chief Joseph Dam
forebay, where the density was much higher.

Crossreservoir transects were spaced at approximately kmapart, with approximately 156ansects
taken in total. Each crogsservoir transect contained anywhere from approximately825points,
depending on the width of the reservoir at each transect location. Points within each transect were
spaced 3 m (10 ft.)apart.

Nearshore bathymiey GPS waypoints were recorded evefyp-m (50 ft.), and more often whenever
GKSNBE 6SNBE aAdyAFAOFYyG OdzZNBS& 2N OFNARFoAtAGe Ay
5.5 m (8 ft.); however, this varied at times due to extreme shalioor areas with high depth variability.

Observed depth data were adjusted to correct for daily variation of Rufus Woods Lake water surface
elevation through use of Chief Joseph Dam forebay elevation data and measurement of the water level
relative to theordinary high water mark observed on rock wall surfaces at different locations while
surveying. Hourly high water marks at Chief Joseph Dam forebay were averaged to a daily value and
then compared to an average RWL mean high water (MHW) m&®&0b m 953 ft.). All bathymetry
measurements taken on each day were then adjusted by the difference between the daily average and
the overall average (i.e., if the daily average wdsless than the overall average MHW mark, then

each bathymetry point from thaday was increased byX0m).
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Bathymetric Map Preparation

Bathymetry data were downloaded, organized and quality control inspected using Garmin MapSource
and Microsoft Excel software; a few waypoints with missing depth data were removed. Bathymetry
datafrom 2010 and 2011 were combined into a larger comprehensive Excel file which was used to
generate an accurate bathymetric map in the Rufus Woods Lake EASy model. The Excel file was
organized into shoreline then depth data and read into a routine usqudoess depth data within the
software package EASy (Environmental Assessment Systerdinai3sional GIS software package
produced by Science System Applicatibtip://runeasy.com/. The software was adapted and

improved during this project to address the unusual needs of a 51 mile long but very narrow reservoir
such as Rufus Woods Lake.

EASy created the reservoir images within the software system such that it only interpolates pixel values

that are over water.As aresult, created bathymetry files contain a zero pixel value for all land

pixels. The image creation algorithm searches for pairs of pixels that can be used for linear interpolation

of missing valuesFor each empty pixel the algorithm searches for banggixels in four directions (N

S, BW, NESW, and NWEE).If one or more pair of bounding pixels are found then the algorithm linearly
interpolates between the located bounding pixels.K S a S| NOK Aa f AYA({T6aRis,0& | LJ
thesearK f 22148 F2NJ LMESt A G(GKIFG NS Of2aS8SNJ) (e (KS SYLI
AYAGALFT WNI y3ISQ O AftdrSiterpiing dolfilSaDempty @BxBls tiled@lgolitkn® dza S NJb
AYONBYSyGa G(KS WNI y3S Qrocess undl gli&mptyrpikes fare fillgfl Ror until t8eNd (i S &
user specified maximum number of iterations is reachéle result is that the created image depends

2y GKS AYAGAFE (WS WIS ABABKT dNP yISQ DinividzBeatd & (22 &Y
aYlFff WwOfdzYLlaQ GKIG Attt SOSylLiHzdge HNWNRBANR ORYYyS:
large then the initial iteration will tend to interpolate specified depth pixels vertically, horizontally, and
diagonally.Thiselimy 1 6 Sa Y2aid 2F (GKS WOf dzYLIAYy3aQ odzi ONBI (iSa
diagonal patterns.

Because the RWL reservoir is very narrow relative to its depth, the contouring subprogram in EASy

required modifications to increase accuracy of interpolatiomag way points. We tested the system

Ay + aSyardAigiride rylrfeara 2y GKS ONBIFGSR w2 ol (K
96. Range 32 was selected for this project partly because the results for smaller values seemed to vary

while results for larger values did not seem to chandée range values can be easily changed by the

user and the bathymetry file processed to use again with different settings or input values.

Habitat Subsampling

Summer 2011 fieldwork also includadietaibd habitat study. We recorded a variety of habitat
20aSNUFGA2ya G &aLISOAFTFASR Dt{ LRAyGa od9mon LIRAYy(a
DNR @S dzLJAGNBIY YR / KASFT W24a4SLK 5FY R26yai0NBIl YO
and GrandCoulee Dam was not extensively covered because previous observation suggested uniform

habitat type in this area. GPS points used for habitat studies were the ends of previously recorded
crossreservoir transects observed in August 2010 and are spacedargthroughout RWL at0:5 km

intervals. The same Garmin GPSMAP 188C GPS unit used during bathymetry measurements was used

here to determine the precise locations of each habitat point. Google Earth shoreline points were added

in shallow, inaccessiblreas when necessary. Observed shoreline points were compared to Google

Earth estimated points and found to be highly accurate for use in this-201Q application.
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At each point, the underwater shoreline habitat (defined as the area from the shoteline

approximately3 m (LOft.) depth, which included the visible range) was visually observed and estimates
of percent substrate cover were recorded. Substrate categories included Fines, Sand, Gravel, Cobble,
Large Cobble and Hard Bottom. Fines and Saard {ater merged into one category because of the
difficulty of determining the difference between fines and sand using visual observation only.

Presence/absence of macrophytes, filamentous algae and submerged trees were recorded at each
habitat point.

Viaual observations of the steepness of the nearshore littoral shallows, as well as the backshore slope,
were also recorded. Steepness was defined into three categories: Low slope, Medium slope, and Steep
slope.

Time of each observation as well as generahig@nts were also recorded.

Habitat Data Posffieldwork processing

Habitat data were transcribed from hamritten field notes into Microsoft Excel, and then analyzed and
organized using Garmin MapSource, Microsoft Excel and Google Earth. Each halitaapaiassified
into one of 9 different types, listed as follows:

F= Fines (no macrophytes)

C= Cobble only (may have some gravel)

FGG= Fines/gravel/cobble (no macrophytes) (may not have much/any gravel)
H= Hard bottom (rock or clay, no macrophytes)

FM= Fines/macrophytes (assumes fines in the macrophytes deep zone)
FGM= Fines/gravel/macrophytes

CM= Cobble/macrophytes (mostly small to large cobble in shallower water and macrophytes
established deeper, below the zone of water surface elevation)

FGCMe= Cobble/fines/gravel/macrophytes (may not have much/any gravel)
FHM= Fines/hard bottom mix with macrophytes (may not have much/any fines)

Data analysis, statistics and figures were generated with Microsoft Excel either as standalone software

or integratedinto the EASy GIS and modeling software. Google Earth was used to determine length

between shoreline and nearshore bathymetry GPS points for each habitat location. Using length and

depth, littoral slope was calculated a5 m (50ft.) distance from sha. The generated slope values

were then classified into low, medium and steep classifications to compare with the visual observations
YIRS Ay (UKS FAStRO® C2NJ OF f Odzt A2y LIzN1LI2aSasz g f
between0.25anth ®Tp GSNBE AGaYSRAdzZYéEXZ YR aft2LISa gAGK @I f dzS2
Calculated slopes were compared to visual observations as a quality control check; for the most part,
calculations and visual observations matched up well.

Within the EASy bathymeatmodel, we used a specifically biitfunction to calculate areas and

volumes of different sections of the reservoir. The model enables us to select any rectangular area and
receive an output of the maximum depth, total area (in“%k@nd volume (in ki) of the selected region,

as well as crossectional and 3D depth profiles. Furthermore, the option of inputting desired minimum
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and maximum depths allows us to calculate area and volume for only a specified vertical portion of the
region.

To further investigate differences between different areas of the reservaoir, three distinct sections were
OK2aS8Sy YR Iyltél SRY M0 GKS dzZLINAGSNI LI2NIA2YyS RSTA
downriver section, from Chief Joseph Dam and pool up to wheregbervoir becomes much narrower

and fasterflowing; and 3) the extensive middle section area dividing the upriver and downriver sections.

A range of statistical data were collected for each of the three reservoir sections, as well as for Rufus
Woods Lakesa whole. Areas and volumes were recorded at littoral deptiis3(f2.), 1850 ft., 56100

ft., and 1004t., as well as a 3 to 18 footacrophyte zone that excluded the nearshore 8 ft. range
where macrophytes do not grow due to spring through fadtev surface elevation fluctuatior's.

Periphyton Methods

Cobble and macrophyte scrapes

Three cobble scrapes were compiled into one sample at each of eleven sites in RWL in August and
September 2010Rjgure3, Table 1).0ne sample of macrophytes (S10e)vedso collected and

periphyton was scraped off of and analyzed at the EcoAnalystsain€Table 1). Diatomnd softcount
periphyton taxonomic identification to the genus and species level and relative abundance of taxa using
a standard 300 cell couper sample were made by EcoAnalysts, Inc. taxonom@&ee. Table for

sample number classification, date collected, latitude, longitude, method used and depth at which
collected.

Tiles

We placed unglazed tiles (area = 100.3)dm rock filled cobble kskets at seven locations in RWL (Table
1) on August 28 (upper section) and August 31, 2010 (lower seclid@)ut 2 tiles in each cobble

basket and positioned the baskets at three different depths per site: 3.0, 9.1, and 15.2 m using a depth
finder. Bakets were secured to the shoreline with nylon ropes for locating after an incubation period.
Periphyton was allowed to condition and colonize tiles for 35 days upstream and 38 days downstream.
Tiles were then retrieved and placed on ice and transportedoAnalysts Inc. and University of Idaho
Analytical Sciences Laboratory, Moscow, ID. Periphyton was scraped off of tiles and analyzed for:
chlorophylla, chlorophylla+ h ash free dry mass (AFDM), and detailed taxonomic and metric analyses.
Priority wasgiven to chlorophyla analysis (chlorophyl + b were not analyzed in this study) and for
several samples there was not enough periphyton for all three analy®es.Figure 3 fdocations of

sample siteand Table 1 fosample number classificationaté collected, latitude, longitude, and depth

at which collected.

! Units presented as feet and not meters, because we purposely set upA®g @epth data in feet and all of our
RWL morphometry tables are in feet.
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Figure3. Location of seven sampling stations used for
October 2010 periphyton assemblage analysis. Station
letter name is placed on theorrect bank (e.g., left bank
looking downstream = A, B, C and F) and inset figures
arrayed from downstream to upstream above.
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Tablel. Periphyton sample number, date collected, latitude, longitude, collection method used and

depth at which collected. Date for tiles was the date they were retrieved and were allowed to
colonize with periphyton for approximately 1 month. Note: in the October 2010 tile periphyton
analysis results we used different sample codes.

Sample| Date Lat (N) Long (W) | Method Depth (m)
Al0a | 8/1/2010 | 48 00.185| 118 57.295| Cobble scrape <1.0
A10b | 8/1/2010 | 48 00.318| 118 57.170 Cobble scrape <1.0
AlOc | 8/2/2010 | 48 00.422| 118 57.097 Cobble scrape <1.0
A10d | 8/2/2010 | 48 00.485| 118 57.072 Cobble scrape <1.0
Al0e | 8/3/2010 | 48 01.286| 118 57.117| Cobble scrape <1.0
A10f | 8/3/2010 | 48 01.136| 118 56.996| Cobble scrape <1.0
Al0g | 8/4/2010 | 4809.171| 119 7.842 | Cobble scrape <1.0
S10a | 9/1/2010 | 48 08.371] 119 06.485 Cobble scrape <1.0
S10b | 9/1/2010 | 48 03.242| 119 31.542| Colble scrape <1.0
S10c | 9/1/2010 | 48 01.286| 118 57.117| Cobble scrape <1.0
S10d | 9/1/2010 | 48 04.008| 119 25.809 Cobble scrape <1.0
S10e | 9/1/2010 |48 04.337| 119 31.254/ Macrophyte scrape <1.0
O10a | 10/5/2010 | 48 01.395| 118 57.436| Tiles 3.0
0O10b | 10/5/2010 | 4801.395| 118 57.436| Tiles 3.0
010c | 10/5/2010 | 48 01.395| 118 57.436| Tiles 9.1
010d | 10/5/2010 | 48 01.395| 118 57.436| Tiles 9.1
O10e | 10/5/2010 | 48 01.395| 118 57.436| Tiles 15.2
0O10f | 10/5/2010 | 48 01.694| 118 58.052 Tiles 3.0
010g | 10/5/2010 | 48 01.694| 118 58.052| Ties 3.0
0O10h | 10/6/2010 | 48 01.694| 118 58.052 Tiles 9.1
010i 10/6/2010 | 48 01.694| 118 58.052| Tiles 9.1
010j 10/6/2010 | 48 08.371| 119 06.485| Tiles 3.0
010k | 10/6/2010 | 48 08.371| 119 06.485| Tiles 3.0
010l 10/6/2010 | 48 08.371| 119 06.485| Tiles 15.2
O10m | 10/6/2010 | 48 08.473| 119 06.336| Tiles 3.0
0O10n | 10/6/2010 | 48 08.473| 119 06.336| Tiles 15.2
0100 | 10/6/2010 | 48 08.473| 119 06.336| Tiles 15.2
O10p | 10/6/2010 | 48 03.242| 119 31.542| Tiles 9.1
010qg | 10/6/2010 | 48 02.960| 119 33.024| Tiles 3.0
O10r 10/6/2010 | 48 02.960| 119 3B.024 | Tiles 3.0
010s | 10/6/2010 | 48 02.960| 119 33.024| Tiles 9.1
Jlla 7/27/2011 | 48 03.023| 119 32.032| Tiles 4.6
J11b 7/27/2011 | 48 03.023| 119 32.032| Tiles 4.6
Jlic 7/27/2011 | 48 03.102| 119 31.759| Tiles 3.0
Jlid 7/27/2011 | 48 03.075| 119 31.884| Tiles 6.1
Jlle 7/27/2011 | 48 03.102| 119 31.759| Tiles 6.1

'Sample S10e periphyton was scraped off of algae in lab.

Rufus Woods Lak&lorphometrics, Initial Food Web and Rainbow Trout Fishery Studies
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Statistical Analyses

We conducted two general separate analyses: 1) for all samples (cobble scrapes and tiles) and 2) for the
more robust tile samples ragved in October 2010. We explored thk sampledata using ordination

and then used ordination, descriptive, and hypothesis testing analysis for the tile samples retrieved in
October 2010

All sample statistical analysis

Ordination was used to exploreuttivariate relationships of the periphyton assemblages in RWL using

all of the samples (cobble scrapes and tiles). For exploratory, visual analyses; ordination techniques are
often superior for explaining relationships of assemblages and communitie$othesis testing
approaches (McCune and Grace 2002). In general, ordination is the ordering of objects along axes
according to their similarities. The main objective of ordination is data reduction and expressing many
dimensional relationships into a stth number of easily interpretable dimensions (axes on a pliite
strongest correlation structure in the data is extracted (using correlation in the broad sense) and is then
used to position objects in ordination spac®bjects that are close in the dination space are generally
more similar than objects distant in the ordination space (McCune and Mefford 2011).

Several types of ordination exist; nometric multidimensional scaling (NMS) was used for this data.

NMS has been shown to be robust fodiration of species composition (e.g., Kenkel and Orloci 1986,
Ludwig and Reynolds 1988) and is often more useful than other ordination techniques because, among
other things, it avoids the assumption of linear relationships among variables. NMS tseamsodt

widely accepted ordination technique used in community ecology (Peck 2010).

Although uncommon or rare taxa are important in their own right; they have disproportionate influence
on NMS results and contribute little to the functioning of benthicemsbklages, therefore we removed
samples that had taxa which occurred in less than 3 samplésthen conducted several dozen NMS
scenarios using different distance measures and numbers of axes and compared these with randomized
data Monte Carlo simulationssing raw data, log +1 transformed data, and square root transformed

data. All the transformationsgsformed similarly, therefoe for the final analysis we used the

untransformed raw dataWe then conducted a post hoc analysis of coefficients of deteatitin for

the correlations between ordination distances and distances in the origidahensional spaceThis

provided estimates of the amount of variability in the data explained by each of the ordination\Asees.
used the computer program PGRD (Mc@ne and Mefford 2011) for the NMS ordination.

October 2010 tile data

We also conducted NMS ordination on the 2010 tile data separately (excluding cobble scrapes) to
further explore spatial and temporal multivariate relationships in the periphyton assapablin RWL.
This was done in part to reduce sample method bias and seasonal affects.

We then computed descriptive statistics and graphically depicted chlorophgHFDM, and an
Autotrophic Index (Al %) for the October 2010 dafde Al % is the ratiaf chlorophyll a to AFDM
measured as a percentage and is commonly used as a measure of autotrophic or heterotrophic
autochthonous productionWe based this on the following discussionFdgtemersch et al. (2006):

aX AFDM is an estimate of total orgammaterial accumulated on the substratum. This organic
material includes all living organisms (e.g., algae, fungi, bacteria, and macroinvertebrates) as well as
norHiving detritus. Dry mass values are used in conjunction with chlor@phyla means of

determining the trophic status of rivers through the use of the autotrophic index (Al). The formula
used to calculate Al is:
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Al = Dry mass (mg/iChlorophylia (mg/m?).

High Al values (i.e., >200) indicate that the assemblage is dominated by heterotrgainsors and

can indicate poor water quality (Weber 1973, Weitzel 1979, Matthews et al. 1980). This index should
be used with discretion because Hdoring organic detritus can artificially inflate the AFDM value.

One option is to modify the Al to includE2M and invert:

Al = Chlorophy# (mg/m?)/AFDM (mg/m)

In this form, the index igositivelyrelated to the autotrophic proportion of the assemblage instead of
the heterotrophic proportion. Also, since chlorophylAFDM values normally are about 0. litxe
modified index would have better statistical properties than the original ;xddex

We then conducted General Linear Model ANOVAs examining seasonal or depth affects. Sites D and E
appeared to have been affected by shading from macrophyte beds; theréddurther examine

location and depth affects, we conducted a GLM ANOVA on chlor@pbmty at sites A, B, C, F, and G.
Because we had limited number of replicates and several tiles did not have enough periphyton growth
for all the types of analysesie also conducted a power analysis to determine lthesl of power in our
ANOVAsWe then estimated daily growth rates of chlorophythnd AFDM and examined spatial

patterns of the soft bodied algae.

Cobble Baskets Methods

Cobble basket samplers can t@re efficient for evaluating macroinvertebrate assemblages than
suction dredge sampling or other methods used in large run of the river reservoirs. Baskets are easily
deployed and retrievable and do not require certified SUBA divers, as does suctilgingdre

Twenty cylindrical cobble baskets (dia. = 18. 4 cm, length = 30.5cm) were placed at seven locations in
RW.L starting on August 28 and 31, 2010. Baskets were stocked with fist sized preconditioned cobbles or
smaller that were scrubbed free of inveliates and then placed at approximately three depths: 3.0,

9.1, and 15.2 m using a depth finder. Baskets were secured to the shoreline with nylon ropes. These
were the same baskets that housed tiles for our periphyton/primary productivity study. Baskeds

then retrieved at several intervals: October 2010, January, February, March, May, June, and July 2011.
Several of the cobble baskets were lost or vandalized and were replaced if possible. On retrieval dates,
invertebrates were scrubbed off of the@lobles into separate jars containing 95% EtOH. Invertebrates
were then identified to lowest practical taxon, typically to the family, genus, or species level by
taxonomists at EcoAnalysts, Inc. using a standard 300 orgaoisnt. Table 2 contairthe ste

locations and other cobble basket information.

Table2. Cobble basket site locations, retrieval dates, and sample depths.

Site | Lafitude | Longtude | Retrieval dates| Depths (m)
Al' | 48 01.624| 118 57.940 Oct 3.0,9.1,15.2
Oct 3.0,9.1,15.2
Jan 3.0
A 48 01.®5 | 118 57.436| Feb 3.0
Mar 3.0,9.1,15.2
May 9.1
Oct 3.0,9.1,15.2
B 48 01.694| 118 58.052 Jan 3.0.9.115.2
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Site | Lattude | Londgtude | Retrieval dates| Depths (m)
Feb 3.0,9.1,15.2
Mar 3.0,9.1,15.2
May 3.0,9.1,15.2
June 3.0,9.1,15.2
Oct 3.0,9.1,15.2
Jan 9.1
Feb 3.0,9.1
C |4808.371| 119 06.485 Mar 3.0 9.1.15.2
May 3.0
June 3.0,9.1
Oct 3.0,9.1,15.2
Jan 3.0,9.1,15.2
Feb 9.1
D |4808.473| 119 06.336 Mar 91
May 3.0
June 3.0,9.1
Oct 3.0,9.1,15.2
E 48 09.171] 119 07.842] Mar 9.1,9.1, 15.2,15.2
Jul
Oct 3.0,9.1,15.2
Jan 3.0,3.0,3.0
Feb 3.0,9.1
F 48 03.242| 119 31.542 Mar 3.0,9.1
May 3.0,9.1
June 3.0,9.1
Jul 3.0,9.1
Feb 3.0,9.1,15.2
Mar 3.0,9.1,15.2
G |4802.960( 119 33.024| May 3.0,15.2
June 3.0, 15.2
Jul 3.0,15.2

!Discontinued site due to strong currents

Statistical anaysis

We conducted several summary statistics and created graphs on the data. We also conducted a General
Linear Model ANOVA examining the effects of depth, month, and location differences in total
abundances of invertebrates.
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Suction Dredge Sampling &thods

Field collection

We suction dredge sampled benthic macroinvertebrates fromloeations (Figures 4 and 5)RWL

using a portable suction dredger and SCUBA on October 5 and 6, 2010, April 25, 2011, and July 28 and
29, 2011. Samples were randorshyosen and then vacuumed from within a 0.37quadrat to a

sediment depthof about 5mm. Sample depths ranged from approximately 1.0 to 8.2 m and were
collected from various mixtures of substrates (Table 3). Replicate samples were taken from each site
and depth indicated in Table 3.

Figure4. Suction
Dredge Site locations-A
C in Rufus Woods Lake,
shown as green points
and labeled SDS.

Figure5. Suction
Dredge Site locations D
and E in RufusVoods
Lake, shown as green
points and labeled SDS.
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Table3. Suction dredge sites, latitude, longitude, sample date, sampling depths, substrate type, and

slope.
Sitg Latitude | Longitude| Month Year| Sampling Defhs Substrate Slope
(N) (W) sampled (m)*
0.9,15,1.2,3.1,
October 201¢ ¢ 1 15,31, 6.1
° d ° . 4.3,5.2,4.6, 6.1, Cobble and boulders slightly | Shallow, low
A 487 8.303119°5.507  April 2011 55 embedded with gravel/sand/fines| gradient
4.6, 4.6, 4.65.5,
July 2011 46
October 201¢ 3.1,6.1,7.9,09 Mostly loose cobbles on top of
B 48° 8.20§119° 6.091 y P Moderate
46,6.1,6.1, 6.1, gravel/sand
July 2011
3.0
C |48° 8.571119° 6.484 October 201( 4.6, 6.1, 7.5, 9.1| Loose cobble on top of gravel/san| Moderate
o 4 119° ' Shallow, low
D |48°0.21 36.272" July 2011 | 4.6,6.1,6.1, 3.0 Sand/fines and macrophytes gradient
o 119° ' Shallow, low
E 48° 0.55§ 35.942" July 2011 | 3.0, 4.6, 4.0, 3.0 Sand/fines and macrophytes gradient

sSampling depths are ordered by sglenumber and equal the number of samples taken at a specific date and
location

Samples were collected and filtered through a 1 mm diameter mesat@nd then elutriated at the
site and preserved in 95% EtOH. Samples were then transported to EcoAnatydtsh in Moscow, 1D
for analyses.

Our suction dredge samples did not include any fish taxa. This was because sculpins, the most abundant
benthic dwelling fish in this area, easily avoided suction. Therefore, our diver visually observed and
recordedsculpin abundance within the quadrat prior to suction dredge sampling.

Laboratory analysis

Macroinvertebrate samples were sorted using a standard 300 organism subsample method and
identified to the lowest practical taxon, typically genus or family. Sédezen metrics were calculated
including abundance estimates after adjustment for subsampling and to’atka.

Statistical Analysis

Ordination was used to explore multivariate relationships of the periphyton assemblages in RWL in

October, 2010.Although uncommon or rare taxa are important in their own right; they have

disproportionate influence on NMS results and contribute little to the functioning of benthic

assemblages, therefore we removed samples that had taxa which occurred in less than 2 samples
SOIFdzaS 2F GFLE2y2YA0O RA&AONBLI yOASazr 6S WNREf SR dzL)

caddisflies, dragonflies, mites, worms, flies, beetles, bugsOdld- @ FA a K ONXzA Gl OSIyasz ay

We then log generalized transformed thbundances so that taxa with extreme high occurrences such

as midges (flies) or worms did not overly influence resuitext we conducted several dozen NMS

scenarios using different distance measures and numbers of axes and compared these with randomized

data Monte Carlo simulationd/Ve then conducted a post hoc analysis of coefficients of determination

for the correlations between ordination distances and distances in the origidahensional space.

This provided estimates of the amount of variakiiit the data explained by each of the ordination axes.

We used the computer program RIGRD (McCune and Mefford 2011) for the NMS ordination.
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We also calculated descriptive summary statistics and other graphical representations of the most
important data. We estimated energy densities (joules/g) and caloric values of the benthic assemblages
and explored basic ecology of the assemblages in relation to RBT diets.

Fish Stomach Collection and Analyses Methods

Colville Tribal biologists and technicians atiltel a total of 409 fish stomach samples during their creel
surveys from April 2010 to August 2011 and from a gillnet study conducted on June 7, 2011 and July 7,
2011. Stomach samples collected during creel surveys were primarily from RBT (N = 29yE (ke

28), and northern pike minnow (N = 15lribal staff also recorded total lengths and whole fish weights

in addition to other information including if fish were caught from shoreline or boats and the location of
the boats exiting RWL. However, pithe lengths and weight dataese available for this study. We
focused primarily on RBT diets with some limited diet analysis on walleye and northern pike minnow.

Tribal staff removed digestive tracts from fish from the esophagus to just below the stomampen

the stomach, and preserved digestive tract and contents in 95% EtOH Contents were then examined at
EcoAnalysts, Inc. lab in Moscow, ID by North American Benthological Society certified invertebrate
taxonomists.

We calculated several summary sstics and graphically analyzed the stomach content data, again
focusing primarily on RBT stomach contents. We did not attempt to calculate energy densities or
amount of calories consumed per time period that the fish ingested based on the contentsractis
because of unknown factors including; probable unequal digestion rates of organisms, undetermined
body lengths or head capsule widths of stomach content organisms, the unknown amount of time the
contents were in stomach which resulted in differingpgdees of digestion and ability to be identified.
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BasicWater and Sediment Quality

2 GSNJ ljdzZt fAGE A& Yy AYLRNIFYG o0FaAa0 O02YLRYySyd Ay
in Rufus Woods Lake as measured at the Grand Coulee Bridge\Masiiington Department of

Ecology (Ecology) at a leteym monitoring station established in 1949.02t 23& Qa 2y f Ay S 6°¢
NB LJ2 NIiQverdll wateii quality at this station met or exceeded expectations and is of lowest concern

(based on wateyear 20D summaryp € I yhatura] ld&es, Thridare no universal reservoir

assessment indices or ranking schemes, but typically low water column chlorophyll, low total

phosphorus and relatively high Secchi disk ratings would result in an oligotrophic i pivi@ and

Y2RSa0G 2NJfSaa oA2f23A0Ft FodzyRIFyOSO NIYylAy3a AT ¢
| 26 SOSNE o6 GSNJ ljdzr £t Ade Aa Ay ONEehndWayrihtt 897tatisai dZNBE R |
often definedast (0 KS O Isiip@otirig &nidl éhairaing a balanced, integrated, adaptive

community of organisms havingspeciescomposition diversity, and functional organization

comparable to that of the naturdiabitat2 ¥ (G KS NBIA 2y a O YrfoNdNatdlyyicR 5 dzRf S @
measues have been developed to evaluate the biological integrity of large unique rivers such as the

Columbia River or for reservoirs in the Pacific Northwest.

Because of fast water flow, short retention times, and other factors such as the relatively gphtad
some sections of this reservoir, data from the Ecology station below Grand Coulee Dam are
representative of downstream conditions with the probable exception of a few backwater sloughs or
bays and perhaps some isolated nearshore areas in the @¥geph Dam pool.

Although most of the water flowing through RWL stems from discharge through Grand Coulee Dam or
Lake Roosevelt (LR), RWL is ecologically different than LR for several reasons primarily due to physical
and reservoir operation difference#\s a result of extensive drawdown of Lake Roosevelt surface
elevation each spring, macrophyte populations are not as established in LR as they are in RWL. Water
surface elevations in RWL are relatively stable (usually changes of a foot or two atpadatarly in

the spring through fall period. Unlike Lake Roosevelt, there does not appear to be as great of seasonal
stratification in subareas or excessively warm surface water temperatures that occur in the Spokane
Arm of LR during summer.

Water quality and especially nutrient flux through the reservoir has changed dramatically over the years
too, due to the cessation of discharge from the Cominco Ltd. fertilizer plant (and other facilities related
to the metals smelter operation) in Trail, Briti€mlumbia. This change was initiated in 1974 and was
fully completed in 1994 (although this apparently was phased in over several prior Yeek€ominco
2004). The following discussion is in part extracted and updated fronfPHwfic Aquaculture Sit

NEPA Environmental Assessm@ftl1) that was compiled and analyzed by Rensel Associates Aquatic
Sciences in spring of 2011. Water quality components, especially water temperature and dissolved
oxygen are of particular interest for calibrating the fgglowth modeling component of this study,
discussed later in this report.

Lake Bottom sediment quality

Rensel (2010) conducted studies of sediment quality, total organic content (TOC) and stable isotope
tracing of nutrients to aquatic invertebrates downsam of the Pacific Aquaculture net pens near
Nespelem at ~ River Mile 579. At upstream reference areas in this fast flowing and coarse bottom area,
sediment TOC and nitrogen averaged 0.26% and 0.04%, indicating relatively low levels of organic
enrichment Immediately downstream of PAI existing net pen Site #1, sediment TOC averaged 0.43%
and sediment nitrogen averaged 0.07% with declines to ambient conditions over the next several
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hundred feet downstream in a narrow path associated with the prevalent divection from the cages.
Although surficial (surface of the bottom) sediments are normally coarse in this area too, there was a ~ 2
cm layer of organic matter on the bottom immediately downstream of the net pens for several tens of
meters. However, nmdicators of sediment hypoxia or anaerobic conditions were observed (e.g.,
hydrogen sulfide smell, black sediments at the surface or a few cm deep, lack of invertebrates, methane
gas production). Rather, there were numerous isopods, snails and othetelbreges in and upon

these same affected sediments and results of our suction dredge benthic survey about %2 mile
downstream of the Site #1 pens shows a diverse faunal community. Approximately 385ikes)
downstream in the Chief Joseph Dam pool, @€ much greater (2.5%) due to the naturally higher

levels of silt and clay that are trapped through sedimentation in that area of generally slower water
motion.

Water Column Physical Circulation

Recent 10 year (January 1, 2000 through 2009, Fg)ureerage river discharge at Grand Coulee Dam
was relatively low (97.7 KCFS) compared to previous historical data9¥930 otal discharge (spill plus
generation discharge) from Grand Coulee Dam has averaged 107.8 KCFS from 1930 to 1997. A linear
equationfitted to the data shows no significant trend of increase or decrease, although considerable
decadal or shorter term variation is prevalemlean annual discharge in 2010 was much lower, at 82.5
KCFS, despite an abnormally high peak in June 2010 (Fjgudewever, discharges in 2011 have been
much higher than normal, and yeto-date (as of 24 September 2011) mean annual discharge is 148.1
KCFS and is shown in comparison to the two prior time periods in Fguke a result of these flows,

and operaton and maintenance practices at Grand Coulee Dam, total dissolved gas levels regularly
exceeded lethal levels for fish in surface waters, with concentrations often > 140%. The high flows
apparently mobilized high flux of nutrients too, as discussed Iatéhis section.
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Figure6. Tenyear mean daily discharge and 95% confidence intervals at Grand Coulee Dam for the
period 20062009.
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Water Temperature

Water temperature is a key component controtlithe growth of fish, invertebrates and algae in any
aquatic system and is used later in this report to estimate growth of released trout, along with other
important factors. Figur8illustrates the seasonal range of daily water temperature in RWL di/tBe

Bureau of Reclamation HydrometaI NA a S {@adSY Y2yAG2NRy3a adladArzy |

http://www.usbr.gov/pn-bin/arcread.pl?station=GCGWBecause of the fast flushing ratesRMVL,

vertical or horizontal temperature stratification is not predicted to occur, except in the few shallow,
littoral zones of bays or backwaters and inside of dense macrophyte beds in summer. The plot
illustrates that growth conditions for rainbow troatre suboptimal to rarely dangerously low in late
winter, from early January through early April as there is a lag time in cooling of Lake Roosevelt
compared to air temperature. In summer over the past 12 years, average daily water temperatures in
mid-August through late September peak at the high end of the preferred physiological range,

A N w oA A o~ 7

200Farz2yltte SEOSSRAY3I Al o0dzi NBYI AYSBACE 6Stf o

sponsored review of bioenergetics of Pacific Northwest salmon, trout amer éiey species)This
means that over half of the year these fish are less able to eat and grow optimally.
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Figure9. Daily water temperature statistics (derived from U.S. Bureau of Reclamation web site after
guality assurancesteps) plus range of optimal (green shaded) afal/oid high temperaturé for Pacific
Northwest rainbow trout stocks (from Bell 1976, modified for RWL with Shallenberger, unpublished
fish farm data).

Because of the range of temperature, release timing effteh in cold water periods may affect feeding
rate, available energetics of the fish for activity and related factors. In 2010 about 70% of the
intentionally-released cultured trout were planted in the coldest period of January through early April.

It is reasonable to assume these fish were at a disadvantage compared to later timing as both the food
web and the physiological capability for growth and locomotion are minimal in spring. The downside of
waiting until the water warms is that river dischangereases in most years beginning in May.
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However, an annual adaptation approach to flows and water temperature factors may improve the
growth, survival and fisheries contribution of fish released into RWL, as discussed later in this report.

pH

Measuremats of pH in Rufus Woods Lake exhibited very little variation over theed0period of

record from 2000 through 2009. Average monthly pH values taken just downstream of Grand Coulee
Dam between 2000 and 2009 ranged from a minimum of 7.96 to a maxim8mafThe 1Gyear

average pH was 8.02, with very low deviation on both monthly and yearly bas2811, however,

there were several months of unusually low pH. Late spring pH readings at the Ecology station below
Grand Coulee Dam ranged from ~7.5t@. These departures from the norm coincide with other major
changes discussed herein including much greater than normal discharge.

Dissolved Oxygen

Dissolved oxygen concentrations remain relatively high in Rufus Woods Lake at all times. Ecology
reports infrequent violations of water quality standards for freshwater of dissolved oxygen (8.0 mg/L),
usually associated with elevated water temperatures above 18°C that reduce the saturation level of
water for dissolved oxygerniWhen these events occur, théyariably happen in late summer, and
dissolved oxygen concentrations remain just slightly less than the standard, but always greater than (>)
7.5 mg/L, and therefore not near chronic stress levels for the most sensitive species (typically salmonids,
suchas trout). Note, however, that dissolved oxygen concentrations were slightly diminished in spring
and early summer of 2010 and spring of 2011 in comparison, with summer 2011 elevated significantly,
due to gas supersaturation from spill (Figd®. No dssolved oxygen data has been reported in the
section of RWL upstream of Chief Joseph Dam but we suspect values are close to those measured at
Grand Coulee Dam.
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Figurel0. Mean monthly dissolved oxygen at Ecology Station 53A8@&nstream of Grand Coulee
Dam. In this figure, as in all following figuremless otherwise notederror bars represent +1
standard deviation.
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Turbidity

Turbidity measurements in the Rufus Woods Lake water column are generally low, especiallyh fall a
early winter. Rensel (1993) concluded that transparency in RWL was greater in the late 1980s and early
1990s than in prior measurement periodshe depth at which macrophytes grow has also increased
dramatically over the years, as discussed below,tdugacreasing clarity of the watefThis may have

been related to reduced phosphorus loading into Lake Roosevelt following the change in discharge
practices at the Cominco, Ltd. fertilizer plant in Trail, British Columbia.

A major exception to the priarends was observed for turbidity in 2011 that increased greatly above
historical levels in May 2011 (Figur#); unfortunately, sampling was not conducted the following
month of June. These data are consistent with other changes seen in 2011 didoerssadincluding
much greater than normal water discharge through the river.
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Figurell Mean monthly turbidity at Ecology Station 53A070 downstream of Grand Coulee Dam.
FecalColiform

Testing of fecal coliform bacteria is aftem used water quality parameter that indicates the probability
of vertebrate fecal contamination in some cases. Many years of monthly sampling have yielded
detection limits readings of 1 cfu/100ml or occasionally just above 2 cfu/100ml concentraions.
example, Figur&2 shows the year 200Q009 period with mean values at detection limit or just a small
fraction above and very small error bars. However, in 2010 slightly elevated concentrations were
detected in summer months and more extensively @2, fecal coliform concentrations were much
larger than normal in May and August tests, but June was not sampled. It is difficult to draw firm

conclusions from a single sample per month, but these data do indicate 2011 as an anomalous year in
RWL water gality.
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Figurel2. Mean monthly fecal coliform at Ecology Station 53A070 downstream of Grand Coulee Dam.

Conductivity

Conductivity is relatively low in Rufus Woods Lake and has been noted to decreasesimmier in

prior years (Rensel 1993). Older studies suggested it has been positively correlated with river discharge
and total suspended solids load in the past (see review by Rensel 1993). Annual peaks in late winter to
early spring have preceded the late sprangd early summer snowpagkelt-driven peak flows by

several months (Figure3}, and in recent years there was a general inverse correlation between
discharge and conductivity with the lowest late winter and early spring values seen in 2011.

Mean Monthly Conductivity

_ 180 4 ——2000-09
g T 2010
z [ 2011
| | : —
9 160
£
2
£ 140 -
2
3]
=
2 120
o
O
100

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figurel3. Mean monthly conductivity at Ecology Station 53A070 downstream of Grand Coulee Dam.

Dissolved Gas
Elston and Rensel (1996) report extensive losses of farmed trout and some wild fish in Rufus Woods

Lake that were directly linkeabtgas bubble disease (GBD) from high levels of atmospheric
supersaturated gases produced by Grand Coulee Bubsequently, additional monitoring of dissolved
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gas levels has been conducted by Grand Coulee Dam operations and the problem has generally been
reduced. Total dissolved gas (TDG) in the upper Columbia River and near Chief Joseph Dam can exceed
Washington State maximum standards frequenfipG in Rufus Woods Lake is influenced primarily by
Grand Coulee Dam and Canadian dam operations upstrd@fs spikes reaching 140% have been

observed in Rufus Woods Lake (USACE 2000). Many vertebrate and invertebrate species occupying the
near surface layers of the reservoir are killed or injured by such concentration of dissolved gas, but a few
meters belowthe surface the effects are greatly reduced. There has been no detailed study of the

effects on the food web in RWL of the high gas levels. Richards (unpublished) is presently conducting a
limited study to determine if benthic communities at several tomas in RWL differed seasonally

between October 2010 and 2011 possibly in relation to gas bubble disease. A dissolved gas mitigation
RSOAOS gl & O2yaidNWzOGSR R2gyaidNBlIY 2y (GKS R2gyaidNB
apparently is somewhaeffective, but this does not help mitigate GBD problems in RWie. problem

may affect species that have larval or early stages that require shallow water for development, including
many species of fish and some invertebrates, but adult forms of fiei @fill maintain deeper habitat

use than where their young develop nearshore.

Macronutrients

Pelagic algal growth (i.e., phytoplankton) in RWL was considered in the 1980s to be niinuitgshor

limited by other factors such as seasonally reduced hgict water temperature (Rensel 1989, 1993),

but currently, in 2011, the water column algae (phytoplankton) and any macrophytes or periphyton that
take a significant amount of nutrient from the water column are probably phosphimited during the
mid-sunmer to late fall algal growing period. Until the rii@90s, biological production in Rufus Woods
Lake and the mi€olumbia River was considered to be nitrodiemited or not limited by the nutrient
content in the water but by other factors (i.e., seasdp&bw water temperature and reduced light

intensity at depth). With the alternation of process procedures at the Cominco, Ltd. fertilizer plant that
formerly discharged many thousands of kilograms per day of total phosphorus into the river at Trall,
British Columbia, primary algal productivity became severely phospHomited (Rensel 1989, 1996).

Phosphorus

The concentration of total phosphorus (TP) at the Washington Department of Ecology monitoring

station immediately below Grand Coulee Dam (No. 58ACblumbia River at Grand Coulee) was
exceedingly high in the 1980s and early 1990s averaging approximately30 pg/L during the algal growing
season. For example, from April through November, k98288 the mean TP concentration was 30.2

Hg/L with consideable month to month variability (standard deviation = 19.2, Rensel 1989). More

recent data from years 2000 through 2009 analyzed forRheific Aquaculture SiteNEPA

Environmental Assessmanticated that phosphorus concentrations (and flux) are mogker than in

the past. Mean monthly TP averaged only 5.6 pg/L (SD = 2.3) in that time period, or 81.5% less than
what it formerly was when the Cominco, Ltd. Fertilizer plant was operating upstream of Lake Roosevelt.

Figure 4 presents mean monthly tal phosphorus for the 2062009 versus 2010 or 2011 periods. It

can be seen that there was a substantial increase in total phosphorus load entering RWL in 2010, but
especially in 2011, reaching a maximum of 29 pg/L in May, 2011. Unfortunately, no Wi2@Ema

collected in June 2011 due to repaving of the bridge at Grand Coulee where sampling is always
conducted. Nevertheless, from these data it is clear that 2010 and certainly 2011 were unusual nutrient
flux years, not seen for several decades. Fidbridustrates some of the older data, mostly collected by
Rensel Associates as consultants for Columbia River Fish Farms (a predecessor of Pacific Aquaculture in
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the same locations), and analyzed at the University of Washington Routine Chemistry Ligbasato
commercial and state laboratories were unable to provide adequately low detection limits or accurate
results in some cases. The biological effects of this are discussed below with regard to periphyton and
blue green algae that were noted to be mgeevalent in these same years in RWL.
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Figurel5. Historic total phosphorus trends at RWL Ecoldgtation 53A070 from Rensel (1996). Note
units are pg/L (parts per billion). 1 pug/L = 0.001 mg/L.

Orthophosphate (the readily available to algae form of inorganic phosphorus) has also declined further
since the early 1990s and prior years, and now isroét or below detection limits as it averages 3.8

pg/L (SD = 0.8) in the 20@009 period (Figure@). This is also a highly conservative estimate because
the average was calculated using the actual detection limit of 3.0 pg/L when many authors witletse
half of such a detection limit reading in their calculation. In 2010 add 20different pattern emerged:
monthly orthophosphate was generally the same or lower than the prior years except during April, May
andAugust, when values far exceeded thed22009 average and rang&hissuggests higher algal
standing stock that would have been able to sequester the nutrient quickly neginthigher TP and
chlorophylla values as discussdetrein The very high concentrations in August 201u¢8) were far

larger than previously seen, but periphyton stock reaction and the presence efjbdaa algae flowing

into the lake as discussed below indicate that the measurement was probably not an anomalous outlier.
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Mean Monthly Orthophosphate
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Ammonia nitrogen (also known as total ammonia nitrogen that includes both ammonium and ammonia)
concentrations are at or below detection limits for most of the year in Rufus Wadds(Eigure 7). In

the period 20062009, ammonia nitrogen concentrations have not increased and likely decreased
significantly over the years. Typical concentrations over the last decade are near or below detection
limits in all months except June andyl about an order of magnitude less than what was observed in

the 1970s (Rensel 1996). In 2010 and 2011, however, the curve broadened to include a peak in the May
through July period, caused by roughly equivalent results from both 2010 and 2011.

Anrual nitrate plus nitrate concentration averaged 109 ug/L in the period 2000 through 2009. Over the
entire 1990s decade, mean annual nitrite plus nitrate averaged 117 ug/L with a relatively large standard
deviation (103 pg/L). These and other reliableadaidicate no significant change of nitrite plus nitrate
concentration over the past 30 years but do indicate considerable variability. Likewise, mean monthly
nitrate plus nitrate concentrations in 2042011 averaged 105 ug/L, suggesting that levels naetio

remain stable.
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Figurel7. Mean monthly ammonia nitrogen (mg/L) at RWL Ecology Station 53A070.

Monthly total nitrogen concentrations (figure not shown here) have had a pattern similar to nitrite plus
nitrate, which is rasonable as the latter compose much of the former, the remainder being organic
forms of nitrogen, dissolved and particulate. There are noemg records for total nitrogen
concentrations in Rufus Woods Lake, but a comparison of years 1995 througmd&2®e annual

mean concentrations of 215 pg/L (SD =169.1). This prior result significantly exceeds the concentrations
observed during the period 2000 through 2009 during which the annual average was 167.7 pg/L (SD =
54.2), and was slightly greater in 202011 (SD = 48.0, 2011 data incomplete).

Nitrogen to Phosphorus Ratios

The ratio of N to P (nitrate+nitrite+ammonia to orthophosphate) in RWL waters during the period 2000
through 2009 (Figure8) varied seasonally, not unlike the nitrogen results disalisd®ve (compare to

the shape of Figure7). The system was strongly phospheiimsited according to these data; i.e., N:P

ratios were well above 7 in all cases (i.e., above 16:1 on an atomic weight basis). During the period 1976
through 1990, there wasraannual average ratio of approximately 12 to 16 with data from the Ecology
monitoring station in the algal growing season (i.e., April through October). In comparison, during the
2000 to 2009 interval mean growing season, the N:P ratio increased t¢S9.# 18.8) showing

increased P limitation that accompanies the nutrient impoverishment of the water column. Some
analysts use total N to total P ratios, but in systems such as the Columbia River where much of the total
N and P may be refractile, and rauickly cycled in the nutrient spiraling process, it is more reasonable

to use the dissolved inorganic forms in such analyses. N:P ratios were significantly lower in 2011, but
with the exception of July and August, remained indicative of phosphorus tionitand hence

phosphorus shortage compared to nitrogen for algal production.
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Figurel8. Mean monthly and standard deviation N to P ratio in grams weight units at Ecology Station
53A070 downstream of Grand Coulee Dam with tpleysiological balance point for algal nutrition of
approximately 7 to 1 by weight (Redfield Ratio), shown as the dashed green line.

Rufus Woods Lak&lorphometrics, Initial Food Web and Rainbow Trout Fishery Studies 26



Chlorophylla

Rensel (1996) reviewed the scant available data for RWL suggesting significant declines of chiorophyll
concentrations from the first measurements by Erickson et al. (1977, four evenly spaced locations in
1975) to mid1990s data collected by fish farm consultants in Rufus Woods Lake that ranged from
approximately 4 pg/L in May to < 1 pg/L in August through BmEtgFigure @). A concentration of 4

Mg/L is, however, not an insignificant density of pelagic algae (phytoplankton) but there is significant
variation within years that is driven by variability in the onset of the spring bloom in upstream Lake
Roosevelt
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Figurel9. Historical chlorophyla from Stober (1977) and Rensel (1996).

Figure 20 indicates that water column chloropladlias similar to the 1990s available data, but much
less than that measured in 1975. Thep@rtment of Ecology discontinued chlorophyll data collection at
one point prior to 2000, but we know from data one of us collected upstream of the net pens that
during that decade concentrations were similar or less to what was seen in 2010 and 2011.
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Figure20. Monthly chlorophylla pigment concentration for Ecology Station 53A070 downstream of
Grand Coulee Dam: 2010 through 2011.
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Algal Communities

Macrophytes have persisted along the shores of RWL since earlyfffer tNS & SN2 A NR&a O2yadl
Unlike Lake Roosevelt, which is drawn down extensively each year, water surface elevation is relatively

stable in RWL, allowing for these rooted aquatic plants to exist nearshore. In 1991, Moore (1992)

observed in the areas aund Columbia River Fish Farm (near Nespelem, same as existing Pacific

Aquaculture Site 1 today) that macrophytes grew only to about 2 meters depth. In recent years, we

have routinely found them growing to ~6 m depth, which is an apparent function oédsicrg turbidity

and chlorophylb concentrations associated with reduced phytoplankton abundance in Lake Roosevelt

and the cessation of large discharges of phosphorus from the Cominco fertilizer plant complex in Trail

B.C. thadrained into Lake RoosevelThere may be other reasoms well such as increasing storage

use upstream.

Surprisingly, the above trends seemed to reverse abruptly in 2010 and certainly in 2011. As discussed
above, many measures of trophic state suddenly increased concurremtivdtlarge flows in these two
years. Even more surprisingly, the abrupt chemical and physical changes induced an amazing growth of
problem algae in the system. For macrophytes, this meant infestation with noxious, undesirable
periphyton includingSpirograsp., a green filamentous alga that wraps around the growing leaves of

the macrophytes and other suitable surfaces. Sd@edophorasp. was seen in many locations too; it is
another filamentous green alga that was previously the principal noxious aldadke Roosevelt a few
decades ago when the abundance led to unsightly and frequent floating algal mats on the surface.
USACEtaff located at Chief Joseph Dam who manage the reservoir and fish farming staff of Pacific
Aquaculture Inc. who rear rainbowout in the lake were both concerned and there was worry that the
fish farming may have led to some of the changes observed. In 2010 fish farmers countered that they
had numerous pictures of algal material on the upstream edge of their net pens, indithtinthe

problem was originating from upstream. No technical sampling or identification was attempted but the
problem recurred and in some ways was worse in 2011.

In 2011, not only wer&pirogyraCladophoraand other periphyton abundant in some stanafs

macrophytes, but toxic blue green algal mats were discovered rafted up along the debris collecting
boomstick assembly just upstream of Chief Joseph Dam. Technical analysis showed detectable and
somewhat dangerous concentrations of anategirand accadingly the reservoir was posted SACE

as having a toxic bloom. To our knowledge, this had not happened before, although Moore (1991, 1992,
1993) had previously found blue green algae in RWL water samples as had Rensel et al. (2000)
downstream in RockReach reservoir. But in the past no signs of floating mats of toxic algae had been
seen, although floating algal mats are common in downstream Lake Pateros, which received blue green
algae from the eutrophic Okanogan River System (Rensel 1998).

Severabets of samples of the floating mats were collected for toxin analysis and species identification.
At first the sampling focused on the Chief Joseph Dam pool area, where the algal mats were seen along
the boomstick, near the adjacettSACBoat launch, btialso some distance upstream on the right bank
including at Bridgeport State Park boat launch. While collecting other hydrographic data upstream near
Buckley Bar on 28 July 2011, Rensel and Siegrist (unpublished data, photos, GPS entries and emails)
noticed that a continual string of floating mats of algae was originating from shallows around Buckley
Bar and floating downstream. River elevation was high and rising much higher that the ordinary high
water mark at the time and it was apparent that the algas either originating from this site or had
previously been trapped at lower water and released as the water elevation increased. Buckley Bar
(Figure 26, later in this repgrts the only large island with extensive shallows in mid channel of RWL

that would form an effective trap to floating algal mats.
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Sampling of algal mats throughout the reservoir in mid to late summer 20USACRKtaff and the

authors of this report showed toxin throughout the reservoir. However, few algal mats were found
exceptfor the Chief Joseph Dam forebay (the boomstick and near the boat launches) and much fewer
around Buckley Bar upstream. In the forebay, winds apparently shifted the location of the mat from the
boomsticks to the boat launches and possibly other locatiddther portions of RWL were apparently
mostly without floating mats including offshore waters. In Alidy 2011 we entered all embayments

and backwaters along both banks of the entire reservoir (while depth sounding for the bathymetric map
completion) b be able to state the above with some confidence. The principal species of blue green
algae observed wasscillatoriaspp., and according to blue green expert Wayne Carmichael, the
abundance of this species was quite low in the samples he observedHrooghout the reservoir.

Water samples near the stationary algal mats downstream yielded no toxin (Carmichael 2SACK
identification contractor identified the blugreen algaAphanizomenon fleaquaeas present in some

mat samples, but Professoafnichael indicated that this would be extremely rare and that he had
coauthored a paper indicating that misidentification of the species was common (Li et al. B§00).
October 2011blue green algal toxins were apparently no longer presamt observatins of

macrophytes remaining indicated littlepirogyra spor Cladophora spremained.

Water Quality Summary

The above analysis indicates that water flowing into Rufus Woods Lake was on track to be increasingly
oligotrophic (nutrient poor) until 2010 ahparticularly 2011 when extremely high flows occurred. The
abrupt change in 2010 and more so in 2011 of river water quality was striking, and along with this
change there was a profound change in algal communities that is troublesome. Now that nuisance
periphyton are established in the reservoir, it is unknown if they will persist into the following years, but
may be a function of the high flows, peaks in phosphorus availability and other degraded water quality
conditions observed especially in 2011.isTik a situation that is important for numerous reasons, and

we provide suggested monitoring and research suggestions for 2012 and subsequent years to insure
that at least some baseline of monitoring and understanding occurs.

Bathymetry and Reservoir M@hometrics

Following the method previously outlined, here we present results of the bathymetric and reservoir
morphometrics study of RWL. The EASy GIS system is digital and can be easily configured in many
different ways, here we present just an overviefvwsome of the main features starting with simple
views of the reservoir that the user can zoom in and out on to suit their own purp&een shots of

the entire Rufus Woods Lake bathymetric map are showrigares 21 to 2with place names and river
miles overlays turned on.

Figure 21 offers an example of the features of the EASy bathymetric model. The detailed bathymetric
map yields realvorld information, such as the extreme depth of the lower Chief Joseph Pool, as well as
the original sinusoidaath of the preRWL Columbia River, seen as the deepest (darkest blue) region.
Relevant natural and anthropomorphic GIS locations, such as the USACE boat ramp and Goose Tub
Island, are also shown, as well as river mile markers for the entire courke ofér.

Rufus Woods Lak&lorphometrics, Initial Food Web and Rainbow Trout Fishery Studies 29



RWL_Bathymetry

Figure21. Chief Joseph Dam and lower
Chief Joseph Pool, Columbia River
miles 545550.

Figures 2224 show sections of Rufus
Woods Lake from the upper Chief
Joseph Pool downstream, to PAI Site 1
upstream. As wenove upstream, the
river becomes increasingly narrow and
shallow; Figure 25 shows the extreme
shallows of Buckley Bar and the
Nespelem River mouth.

Figure22. Upper Chief Joseph Pool to Gaviota Bend, Columbia River mile5680
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RWL_Bathymetry

Figure23. Gaviota Bend to Granite Rapids, Columbia River milesSRD.

RWL_Bathymetry

Figure24. Mahkin Rapids to PAI Site 1, Columbia River miles-580.
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Figure25. PAI Site 2 to downstream of Buckley Bar (not shown here), Columbia River mile$880

Figures 26 and 27 show the upstream end of Rufus Woods Lake: Figure 26 contains Buckley Bar and
Seatons Grove, while Figure 27 displays the last few river milagud R/oods Lake, ending at Grand
Coulee Dam tailrace.
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RWL_Bathymetry

Figure26. Buckley Bar to Elmer
City, Columbia River miles 586
592.

Figure27. Elmer City to
Grand Coulee Dam, Columbid
River miles 593596.
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The EASy model has considerably more information available than simple geographic locations,
however. We have included a range of additional GIS points that contain GIS locations of various
aspects of our study, including trout trank stations (TTS), suction dredge sites (SDS), periphyton sites
(not shown here), and photographic images (represented as a camera icon in EASy). Each of these,
along with geographic locations and river miles, can be turned on or off at will as acfarieslays,

shown in the upper righhand legend in Figure 28.

Images

Location Hames *
Riwver Miles

Suction Dredge Sites @
Trout Tracking Stations ¥

RWL_Bathymetry

Figure28. Example of multiple GIS overlays.

Likewise, Figure 28lustrates a zoomed in image of the GIS showing Nespelem Bar and locations to click
on for photograhic images.

The EASy GIS system also has modeling and analytical features, for example a trout growth model
described later in this report can be installed to run within the GIS.
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Backshore
Backshore and boat

Description Backshore

Figure29. Zoomedin image of the EASy 6Imodel showing Nespelem Bar area and locations to click
on for photographic images (represented by camera icons) and location of trout tracking stations (TTS)
used in the acoustic tagging study. Photo shown is one of two images available by clickirighan r

bank camera icon between river mile 583 and 584.

Our EASy model also has the ability to generate a variety of morphometric information fora user
selected area or transect, and to generate-diBiensional bathymetric plot of any usselected area

the reservoir. Figure 30 depicts a selected area of Chief Joseph Pool and a resuHipgnwindow

displaying morphometic statistics and @3bathymetric plot. Figure 31 shows-®Dathymetric

transect bisecting Buckley Bar and RWL. Figure 32d@®ainother example of the B bathymetric

plot, this time generated around Grand Coulee tailrace. We can easily observe the deeper waters in the
tailrace adjacent to Grand Coulee Dam, compared to the more shallow areas to the east and north of
deep secwns.
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Mean 1048477 Stdev 577124 Puuels 164087
Width (km) 51184 Height (km) 40967 Avea (km"2) 3.7761

Minimum  -222.3404  Maximum  0.0000 Vol (km"3) 01207

Range Min [ 2223 ] Rorge Max [ 50+

Figure30. Zoomedin image of lower Chief Joseph Dam pool, with image statistics window showing a
3D bathymetric profile of the area enclosed by the thin red rectangle.

Figure31. Zoomedin image of Buckley Bar, with image profile window showing a 2D bathymetric
transect along the thin red line bisecting the reservoir and Buckley Bar.
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Mean 496728  Stdev 284652  Pheels 2542
Width(km) 1.0233  Heightkm) 1.0563  Area(km"2) 0.3825
Miniun 1332973 Masimum 00000  Vol(km3) 00058

Range Min [13g3 | Range Max [ 00 =

Figure32. Zoomedin image of Grand Coulee Dam tailrace, with image statistics windshwewing a
3D bathymetric profile of the area enclosed by the thin red rectangle.

Morphometric reservoir data were generated using Environmental Assessment System (EASy) software
bathymetry and statistical tools, supplemented with data from Google EBI#GS Grand Coulee Dam
hourly outflow discharge data, and Microsoft Excel as described in the method section. Area and
volume of the entire reservoir and subsections are indicated in Table 1.

Total volume results were compared to other estimates (Wikipestburce undocumented) that lists the
volume of Rufus Woods Lake at 0.64°kwhich is within 10% of our value of 0.k (Table 4).It is
possible that the Wikipedia value dates from before Rufus Woods Lake level was raised by
approximately 10 feet anand 1978. Adjusting EASYy to discount the top 10 feet of the lake yields a
volume of 0.70 krf) somewhat closer to the Wikipedia value.

The U.S. Army Corps of Engineers (R. Fischer, personal communications email to J. Rensel, Feb. 2010)
indicated that the @ief Joseph Dam project brochure reports a total reservoir volume of 593,000 acre
feet (equivalent to 731,454,0003r)1which compares favorably with our estimate of 705,800,080 m
although 3.5% more. This value was apparently taken from Stober 1883gh that author provided

no methods for the estimateAttempts to locate bathymetric records or other related data from the

Seattle Branch of thelSACRvere unsuccessful.
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Table4. Area and volume calculations of Rufus Woods é.ak

See bullet list below for definitions.

Entire Reservoir Upper Middle Lower

Depth (ft) | Area(knf) % oftotal | Area(knf) % oftotal | Area(knf) % oftotal | Area(knf) % of total
<18 3.76 11% 0.54 23% 2.58 11% 0.61 7%

18 to <50 9.24 28% 1.25 53% 6.62 29% 1.45 18%
50 to <100 12.42 37% 0.55 23% 9.42 42% 2.41 29%
100+ 7.90 24% 0.02 1% 4.07 18% 3.83 46%
Total 33.32 N/A 2.35 N/A 22.69 N/A 8.30 N/A
Depth (ft) [Volume (knf) 9% of total |Volume (knf) 9% of total |[Volume (kn?) 9% of total [Volume (knf) % of total
<18 0.011 2% 0.002 6% 0.007 2% 0.002 1%
18 to <50 0.098 14% 0.014 52% 0.069 16% 0.016 6%
50 to <100 0.271 38% 0.010 39% 0.206 47% 0.055 22%
100+ 0.326 46% 0.001 2% 0.153 35% 0.173 71%
Total 0.706 N/A 0.026 N/A 0.435 N/A 0.245 N/A

f &' LIWISNE ¢6la RSTAYSR a G4KS FINBI 06SG6SSy DNIYR [/ ;
downstream of Grand Coulee Dam);
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Table5 includes the same volume and area estimates with maximum length and width, mean and

maximum depth and hydraulic retention time, also knoveflashing rate. The largest subsection of the

reservoir was the middle region in terms of volume and area, but only because of the extensive length

of thissubarea (58.3 km, 36.2 miled)ithin this region it is possible to further subdivide based on

other morphometric aspects, but clearly the middle region is dissimilar from both the Grand Coulee
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these same categories, due to the relatively great depth in the Chief Joseph Dam pool area.

Table galso includes river discharge summaries for the relatively low flow 2000 decade, and comparison
to the much larger flows of 2010 and especially 2011. During the former set of years the annual
hydraulic retention time averaged about 3 days, but was reduo < 2 days during the 2011 period of
record. These physical factors were of paramount importance in controlling biological characteristics of
the reservoir in recent years, as discussed later in this report.
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Table5. Morphometric characteristics of Rufus Woods Lake

Rufus Woods Lake Morphometry Entire Reservoi Upper Middle Lower
River mile range 544.6-596.6 | 589.8-596.6| 553.0-589.8| 544.6-553.0
Volume (knf)* 0.71 0.03 0.44 0.24
Area (knf)* 33.32 2.35 22.69 8.30
Littoral Area Percentage (%) 11% 23% 11% 7%
Littoral Volume Percentage (%) 2% 6% 2% 1%
km miles | km miles | km miles | km miles

Maximum Lengti* 829 515| 126 79 | 583 362 98 6.1
Maximum Width? 0.9 0.6 0.3 0.2 0.9 0.6 0.8 0.5

meters feet | meters feet | meters feet |[meters feet
Mean DeptH 21.2 69.5 11.0 36.2 19.2 63.0 29.5 96.7
Maximum DeptH 67.1 220 41.8 137 67.1 220 66.8 219
Ratio of Mean Depth : Max Depth 0.32 0.27 0.29 0.44
Mean Outflow (KCFS) 2000-2d09 95.5 N/A N/A N/A
Mean Outflow (KCFS) 2040 82.5 N/A N/A N/A
Mean Outflow (KCFS) 2011 148.1 N/A N/A N/A

hours days
Hydraulic Retention Time (2000-09)| 72.5 3.0 N/A N/A N/A
Hydraulic Retention Time (2010) 83.9 3.5 N/A N/A N/A
Hydraulic Retention Time (2011) 46.8 1.9 N/A N/A N/A

! Environmental Assessment System (EASy) statistics routine

2 Google Earth

% Entire lake length calculated with river mile estimates; other values estimated with Google Earth

* Hourly data from USGIR436500 Columbia River at Grand Coulee, WA

®>Hourly data from USGS 12436500 Columbia River at Grand Coulee, WA, data through 24 September
2011

The tabular data above paleséomparison to Figures 33 and 8+t highlight the lack of littoral or
sublittoral area and volume of RWL. The shifting distribution of both parameters is also apparent in
these figures. These data are used later in this report to make first order biological estimates of
standing stock or productivity.

Overall, the digital bathyetric map provides a good representation of the lake bottom and overall
morphometrics of RWL. However, the accuracy can be improved without further field work by manual
interpolation of waypoint depth data along the shoreline in selected areas. Thg@dahétion system

involved in contouring has difficulty along the edges of such an unusually long and narrow water body
and we found experimentally that we could markedly reduce the appearance of anomalies nearshore by
filling in between observations, despithe fact that they were regularly and closely spaced.
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Figure33. Area estimates for different sections and depth strata of Rufus Woods Lake. Note that
SI OK 7 JdsdedeBadiferent scale, because eaepresents different areas of varying size.
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Figure34. Volume estimates for different sections and depth strata of Rufus Woods Lake, calculated
with Environmental Assessment System (EASy). Same note from priorefigpplies here.
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Littoral and ShorelineHabitat Classification

The results of habitat classification at the nearshore locations discussed in the method section show a
variety of sediment substrate, vegetation and types of littaahes (Figures 3%0).

These data may be summarized by stating:

1 A mixture of fine sediment (silt+clay+sand), gravel and cobble are the dominan
substrate type in the nearshore littoral zone of most or Rufus Woods Lake (i.e.
lower and middle reaches).

9 Hard bottom, in the form bartificially placed revetment on the right bank an
natural rock are the dominant substrate type of upper RWL in the narrow,
extremely fast flowing reach below Grand Coulee tailrace.

9 Left and right bank substrate composition is similar except foldin@r reservoir
left bank (looking downstream) had more cobble and macrophytes mixtures th:
the right bank.

1 Lower RWL has slightly more cobble compared to middle RWL that had slightly more fin
gravel.

1 While our data may be accurately estimatithgse habitat components, there could be a ne
for further sampling to be sure of these datatétms of representativenessrhis could be
done through a simple sensitivity analysis, comparing measurements over shorter intervi
with those of the approxnate 0.5 kmincrement practiced for this study.
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. Hard bottom
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- Fines + Hard bottom + Macrophytes
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Entire RWL - Right bank

Lower RWL - Both banks

Lower RWL - Left bank

Lower RWL - Right bank

Middle RWL - Both banks

Middle RWL - Left bank

Middle RWL - Right bank

Upper RWL - Both banks

Upper RWL - Left bank

Upper RWL - Right bank

Figure35. Habitat class summary for total, right and left bank locations for the three divisions of
Rufus Woods Lake determined in this study.
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Lower RWL - Both banks
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Lower RWL - Right bank

Middle RWL - Both banks

Middle RWL - Left bank

Middle RWL - Right bank

Upper RWL - Both banks

Upper RWL - Left bank

Upper RWL - Right bank

Figure36. Sediment substrate summary for total, right and left bank locations for the three divisions

of Rufus Woods Lake determined in this study.

Rufus Woods Lak&lorphometrics, Initial Food Web and Rainbow Trout Fishery Studies 43




- Macrophytes

. Filamentous Algae

. Submerged Trees

Entire RWL - Both banks

100%

80%

60%

40% -

20% -

0% -

Entire RWL - Left bank

100%

80%

60%

40% -

20% -

0% -

Entire RWL - Right bank

100%

80%

60%

40%

20% -

0% -

Lower RWL - Both banks
100%

80% -

60% -

40% -

20%

0% -

Lower RWL - Left bank
100%

80%

60% -

40% -

20% -

0% -

Lower RWL - Right bank
100%

80% -

60% -

40% -

20% -

0% -

Middle RWL - Both banks
100%

80%

60% -

40% -

20% -

0% -

Middle RWL - Left bank
100%

80%

60% -

40% -

20% -

0% -

Middle RWL - Right bank
100%

80%

60% -

40% -

20% -

0% -

Upper RWL - Both banks

100%

80%

60%

40%

20%

0%

Upper RWL - Left bank

100%

80%

60%

40%

20%

0% .

Upper RWL - Right bank
100%

80%

60%

40%

20%

0%

Figure37. Littoral vegetation summary for total, right and left bank lodans for the three divisions of

Rufus Woods Lake determined in this study.
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Upper RWL - Right bank

Figure38. Littoral slope summary for total, right and left bank locations for the three divisions of
Rufus Woods Lake determined in this study.
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Figure39. Average littoral slope values for total, right and left bank locations for the three divisions of
Rufus Woods Lake determined in this study. Error bars represent +1 standard deviation.
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Low (<0.25) . Medium (0.25-0.75) . Steep (>0.75)

Entire RWL - Both banks Entire RWL - Left bank Entire RWL - Right bank

Lower RWL - Both banks Lower RWL - Left bank Lower RWL - Right bank

Middle RWL - Both banks Middle RWL - Left bank Middle RWL - Right bank

Upper RWL - Both banks Upper RWL - Left bank Upper RWL - Right bank

Figure40. Backshore slope summary for total, right and left bank locations for the three divisions of
Rufus Woods Lake determined in this study.
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Table 6 summarized macrophyte data from the EASy GIS system foM@dfbphyte colonization
increasewith distance downstream as shown in the table and is virtually-exastent in the upper
reservoir, due to the high current velocities that severely restrict the amount of fines in the riparian
zone.

Table6. Macrophyte morphanetric statistics for Rufus Woods Lake.

Entire Reservolr Upper Middle Lower
0-3 ft shoreline zone (area, in Ry} 0.33 0.03 0.21 0.05
3-18 ft macrophytic zone (area, in KYf] 3.40 0.53 2.39 0.58
habitat with macrophytes (% 57% 0% 63% 82%
estimated area of macrophytes (K 1.94 0.00 1.51 0.47

! Shoreline water surface elevation fluctuation zone; calculated using EASy statistics routine

? Area directly below shoreline zone, prime macrophytes habitat; calculated using EASy statistics routine
% Percentag of habitat nearshore locations with macrophytes present

* Habitat with macrophytes multiplied by macrophyte zone area

A major purpose of preparing the above morphometric information was to be able to eventually apply
the stratified data to estimates gfrimary and secondary benthic and epibenthic productivity and
produce standing stock or productivity estimates for the entire reservoir.

However, we were not able to collect enough biological information throughout the reservoir to make
reasonably accuta expanded estimates for the entire reservoir. Moreover, our station spacing for the
littoral zone sampling was about 1/3 of a mile. This produces reasonable accuracy in some areas, but in
areas of diverse habitat on small scales, it is certainly inaalecto represent the diversity of conditions

and therefore not as reliable as we would have preferred. But the EASy GIS is a tool, not an end product
and we believe with limited effort in the future additional data can be acquired, particularly adtsatell
imagery improves and remote sensing ability such as chlorophyll sensing become available on a fine
scale. Such remote sensing is already available in some cases, as in the case of the French satellite
system known as MERIS.
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Periphyton Studies

All Data Combined

Seventy six (76) distinct periphyton taxa were identified in this study (Nsar@les) (Table 7)lhis

represents a wide array of taxa which can support a wide array of secondary producers (e.g. benthic
macroinvertebrate assemblages)dia diversity of higher trophic assemblages. The periphyton samples
also included several potentially noxious or toxic algg@rogyrasp. andCladophorasp. (noxious

filamentous green algae) ar@scillatoriasp., (potentially toxic blue green alga thatcurs in both

pelagic and benthic forms with different names) and one cobble scrape produced 2 cells of
Didymosphenia gemenatn extremely problematic nuisanespecies (Table 70utbreaks of

Didymosphenia gemenatsave been documented at several ColuenRiver headwater rivers including

the Kootenai and Flathead Rivers and have had major ecological impacts (Marshall 2007, Richards 2010).

Table7. Taxonomic list and total corrected natural unit counts of periphyton collected irfu®

22%?51 [I-lsvéSLJl- N} SR o0& &2 70 This#isRidcldes thxa tAdtviele RA I (12 Y
y 20 & NP Fof exanpldainkisttodesmussp. andAnkistrodesmes falcatus/ere not combined.
SOFIBODIED ALGAE COUNT DIATOMS COUNT] OTHER COUNT

Ankistrodesmus falcatus 1 Achnanthes sp. 1230 | Peridinium sp. 1
Ankistrodesmus sp. 4 Achnanthidium sp. 5 Trachelomonas sp. 1
Aphanocapsa sp. 2 Amphora sp. 2

Botryococcus sp. 2 Asterionella formosa 5

Chlamydomonas sp. 1 Asterionella sp. 8

Chligella sp. 325 | Aulacoseira sp. 43

Chlorococcum sp. 16 Caloneis sp. 1

Chromulina sp. 3 Cocconeis sp. 1057

Chroococcus sp. 22 Coscinodiscus sp. 12

Cladophora sp. 192 | Cyclotella sp. 116

Coelastrum sp. 7 Cymatopleura sp. 1

Coleochate sp. 4 Cymbella sp. 973

Cosmarium sp. 1 Diatoma sp. 90

Crucigenia sp. 3 Didymosphenia sp. 2

Cryptomonas sp. 10 Ellerbeckia sp. 36

Gloeocapsa sp. 2 Encyonema sp. 3

Gomphosphaeria sp. 2 Epithemia sp. 8

Komma sp. 10 Fragilariecrotonensis 29

Leptolyngbya sp. 2 Fragilaria sp. 1727

Lyngbya sp. 13 Frustulia sp. 4

Microcystis sp. 5 Gomphoneis sp. 2

Microspora sp. 2 Gomphonema sp. 901

Mougeotia sp. 140 | Gyrosigma sp. 3

Oedogonium sp. 7 Melosira sp. 696

Oocystis sp. 8 Melosira varians 193
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SOFIBODIED ALGAE COUNT DIATOMS COUNT] OTHER COUNT
Oscillatoria sp. 91 Meridion sp. 2
Pandorina sp. 1 Navicula sp. 865
Pediastrum boryanum 2 Neidium sp. 1
Pediastrum sp. 5 Nitzschia sp. 311
Phormidium sp. 399 | Pinnularia sp. 243
Pseudoanbaena sp. 6 Pleurosira laevis 1
Pyrenomonas sp. 23 Rhoicosphenia sp. 289
Rhizoclonium sp. 4 Staurosira sp. 175
Scenedesmus
guadricauda 1 Surirella sp. 2
Scenedesmus sp. 17 Synedra sp. 95
Schroederia sp. 8 Tabellaria sp. 31
Splaerocystis sp. 1 unknown centric sp. 3

unknown pennate

Spirogyra sp. 202 | diatom 3

Staurastrum sp. 1

Stichosiphon sp. 1

Ulothrix sp. 82

unknown crysophyte 2

Volvox sp. 1

ALGAE TOTAL 1625 | DIATOMS TOTAL 9164 | OTHER TOTAL 2

* Didymosphenidoundat N48 09.171W 11907.842

Periphyton assemblage structure usiiIS ordination

Our best NMS model had addmensional solution using a Sorenson distance measure. This model
resulted in a final stress of 8.62 and final instability of 0.00 at 115 iteratiBtmsss in this context is a
measure of the optimality of an ordination solution (i.e. the relationship between the similarity in
species composition and the closeness in ordination space) used as part of the algorithm of NMD.

McCune and Grace (2002) suggestieat most ecological assemblage data sets will have NMS solutions

with stress between 10 and 20 and that values in the lower half of this range are quite satisfagtaly.
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analysis of coefficients of determination resulted in &of0.69 for Axis 1, 0.14 for Axis 2 and 0.13 for
Axis 3. All three axes cumulaly explained 0.95 of the variability in macroinvertebrate assemblages in
the data.Figure 41 (ordinated by sample) and Figurdatdinated by taxon) show the relationship of

the periphyton assemblages in RWL using Axis 1 and Axis 2. NMS ordinatisrfaradliehree axes

and graphical representations of the periphyton assemblage structure using Axis 1 and Axis 3 are in

Appendices 4.
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Figure4l Axis 1 and Axis 2 of NMS ordination of periphytoessemblages using all samples collected

in RWL, sampled in August, September, October 2010 and July 2011. Samples labels have two code
values: A10 = August 2010, S10 = September 2010, O10 = October 2010, and J11 = July 2011, lower
case letters following tle month label are sample and site locationRefer back torable 1for

descriptions of samplesPost hoc analysis of coefficients of determination for the correlations

between ordination distances and distances in the originatimensional space for Axit was 0.69

and Axis 2 was 0.14 for a total of 0.83.
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Figure42. Axis 1 and Axis 2 of NMS ordination of periphyton assemblages using all data. Diatoms are

in brown, soft bodied algae are in green.

A brief explanation for interpreting (visualizing) ordination follows.

The NMS ordinatiographs (Figures 41 and 42) shbaw the periphyton assemblages (communities) in
RW.L are related. Samples that are farther apart on an axis are least similar totlkachThis could be

due to high abundances of taxa in either one of the samples or low abundances or absences of taxa in
one sample but not the other or a combination of the twbhis relationship occurs along each axis but
because we usually plot this that explains the most variability as Axis 1, followed by Axis 2, and then
Axis 3 as the amount of explanatory power decreases; the most important visualization axis is usually

Axis 1.

Remember the saxis, Axis 1 explained almost 5 times the amountasiability as Axis 2 {gxis). In our
ordination of macroinvertebrate samples, the very furthest apart along thgig (Axis 1) were samples
Jllc, J11a, J11b, and J11e (far left end of axis 1) arg O10s, and O10n etdafthest samples away

from the origin (xy intercept) on the right) L {
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up or down onto the »axis to visualize the importance of Axis 1 in explaining the macroinvertebrate
assemblagesLikewise, Axis 2 explained an aduital 14% of the variability in the assemblages.
Variability explained by Axis 2 was mostly due to the differences between abundances or absences of
certain taxa again in samples 010q, O10s, O10ry patom of the graph, Figure 4but this time with

abundances/absences of taxa in samples S10c and Al0Qe.

Samples that ordinated near the origimy{axis) did not have relatively large abundances or absences of
any taxa and more or less shared all taxa with the other samples (not too few or not too memy of
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assemblage in RWL.

To determine which taxa influenced the ordination, m&ed to examine the second figure (Figure 42)
which shows how the individul taxa were related to one another in RWL. Species that are close
together on the plot occurred together spatially and temporally in RWL, while species that are at great
RAAGFYOSa FTNRBY SIFOK 20KSNJ gSNBE y2i Ozhwatalegfine T2 dzyR
the two figures are not the same. The scale in the taxa based figure (Figure 42) has been expanded for
better visualization. Here we can see that the periphyton taxa that were furthest apart onakis x

(Axis 1) were those on the lower féfand side of the origin e.@edogoniunsp., Achnanthidunsp.,
Diatomasp.,Staurosirasp. Tabellariasp., andrFragilariasp. etc. These six taxa also clumped together.

This means that these six taxa were almost always associated with each other @uRWjlour study.

In addition, we can see th&@omphonemap. andColeochaetsp. plotted at the bottom of the yaxis

(Axis 2) andlyngbyasp. plotted at the top of Axis 2. This means tGamphonemap andColeochaete

sp. were spatially and temporallgsociated with each other and th&omphonemap. and

Coleochaetesp. were spatially and temporally disassociated wighgbyasp. If they did occur together,

one was much less abundant than the other in a sample. Keep in mind that Axis 1 explainenitisligsta
more of the differences in the periphyton taxa assemblages than did Axis 2 (or Axis 3).

In addition, we can see that several taxa occurred close to the originelgsirasp.,Cryptomonos

sp.). These taxa occurred more or less throughout Ridlwere often not super abundant or absent.

¢tKS&4S GFEF O2dZ R 6S O2yaARSNBRE WwWol O13INRdzyRQ (Gl EI
terms and it cannot always be directly determined which taxa occurred most in any sample. For

example everthoughOedogoniunsp. occurred away from other taxa (Figure 42, lower left quadrant)

and four of the J11 samples also plotted in the lower left quadrant in Figure 42); these samples may not

have had the highest abundances@édogoniumsp. (but they probbly did). Thestour J11 samples in

addition to having high abundances@é&dogoniunsp. may also have had low abundances of

Gomphonemaand Spirogyrasp.

Results from the NMS ordination show that periphyton assemblages differ from each other both
spatidly and temporally in RWL and to some extent whether thveye dominated by diatoms or soft
bodiedalgae (Figure 42)Samplingnethods also influenced our results. This was because periphyton
collected from tiles tended to be early successional cologitama and periphyton on cobbles tended to
be late successional.

Downstream assemblages on tiles collected in October 2010 were mostly different from the upstream
tile assemblages from October 2010. Most of the downstream October 2010 tile periphyton
assemblages occurred in the lower right quadrant, while the upstream October 2010 tile periphyton
assemblages occurred in the upper rigitadrant (Figure 41)This was mostly due to the greater
abundances oGomphonemap. (slime forming diatom) ardoleasrum sp. (soft bodied green alga
sometimes associated with nuisance blooms) downstream,Spicbgyrasp. (a noxious, filamentous
green alga that was infesting macrophytes extensively in 2010 and 2011 in RWL) upstream. NMS
ordination is not designed to dermine cause and effect of species assemblages (e.g. taxa niches,
competition, selective grazing, etc.). We do not have enough information to speculate on the cause(s)
of these differences but we do know from extensive observatiorpifogyresp. on marophytes that
even within a single small cove there were major differencepinogyrasp. distribution related to

water current exposure. Macrophytes in slow moving waters were more commonly infested versus
those exposed to stronger currents, e.g. thar toward the center othe river and the thalwag.

The August 2010 cobble scraped periphyton assemblages grouped closer together than other
assemblages including the September 2010 cobble scraped periphyton assemblages. Again, this further
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illustrates hat there were location and monthly differences in periphyton assemblages. At the finer
scale, samples S10b and S10d were quite a bit different than the other samples ordinated on Axis 3
(Appendix 3where they both clumped together in the upper end ofiA3. This was because both had

the highest abundances @hlorellasp. (a singlkeelled, soft bodied alga). The soft bodied, flamentous
green algaeQedogoniunsp. occurred at low abundances and only in the downstream July 2011 tile
samples. As a mate form it usually is free floating but prefers quiet, backwater areas when first
established. Periphyton scraped from aquatic macrophytes (epiphytic algae) (sample: S10e) was more
similar to October 2010 tile samples that to the other cobble scrape sspigure 4Jand Appendix 3).

Clearly periphyton assemblages in RWL vary in taxon abundances both spatially and temporally.
However, for the most part, assemblages were dominated by the mastramn taxa that occurred
throughout RWL during our study @ Achnanthesp.,Cocconeisp.,Cyclotellasp.,Cymbellasp.,
Fragilariasp.,Gomphonemap.,Gyrosigmasp.,Melosirasp.,Naviculasp.,Nitzschiasp.,Pinnulariasp.
etc.). This was to be expected given the vkelbwn community ecological principal (Ipthat most
assemblages of organisms have just a few taxa at high abundances andnmratgxa with low
abundances (Darwin 1859, Mc@ilal.2007, Magurran and Henderson 2011). Due to the significant
changes in water quality and flow during our stuayripd, and our observations of nuisance and
noxious algae and even toxic blue green algae, we believe that these observations are not indicative of
most recent decades, e.g., 20@009 where such problems were not observed (R. FistieAClgers.
Comm. taJ. Rensel).

A more detailed, finer resolution of relationships between periphyton assemblages follows. The results
that follow are based on the October 2010 tile samples. By analyzing these results separately, we
eliminated seasonal affects and samplethual bias.

October 201MData

Periphyton assemblage relationships

Our best NMS model for the October 2010 tile data haedin®nsional solution using a Euclidean
distance measure. This model resulted in a final stress of 8.76 and final instability af 8000
iterations. Our post hoc analysis of coefficients of determination gave ah@60 for Axis 1 and 0.34
for Axis 2. Both axes cumulatively explained 0.94 of the variabilggriphyton assemblages in the
data. Figures 43 and 4how the relatimship of the periphyton assemblages in RWL based on the
October, 2010 data Site D was not included in the NMS ordination because there was very little
periphyton growing on tiles and there was not enough remaining after chloroplextraction to
conductthe taxonomy needed for NMS.
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Figure43. NMS ordination of periphyton assemblages in relation to location and depth. Abbreviation
codes are as follows: the first letter is the location starting stpeam at A to furthest downstream at
G. The number is the depth: 3 m (green), 9 m (red), and 15 m (blue). The last letter is the replicate

number.
Spirogyr
Achnanth
Cladppho
Cymbella
Oscillat Gomphone
1 Ph(h" UI;:E Eragil Rhoicosp
Jetiar 19!
Melosira Cocconei
Synedra
2

Figure44. NMS ordination of periphyton taxa. Ta labeled in green are soft bodied algae.
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Figures 43 and 44 provida excellent interpretation of the periphyton assemblage relationships in RWL
during October, 2010 based on our tile data. There was an obvious difference between periphyton
assemblages the upstream section (samples A, B, and C) and the downstream assemblages (samples
E, F, and G). All samples in the upstream section plotted in the left half of the ordination of Axis 1 and all
samples in the downstream locations plotted in the rightffof Axisl (Figure 43). Periphyton

assemblages were also influenced by deptuticularly at the 3 m depth. Most of the samples

collected from the 3 m depths (the number 3 in Figure 4I3)ere was not a clear separation of

periphyton assemblages bgeen 9 and 15 mReplicate samples from the same site and depth also
tended to clump closely together.¢i. Ala and Alb; A2a and A2b; and B2a and B2b), as expected.
Samples in the upper left quadrant (Figure &§)streamshallow) tended to have more ddjodied

algae includingSpirogyrasp.,Cladophorasp., andOscillatoriasp. (Figuret4). The most downstream

site (G1la) was dominated IB3omphonemap. None of these species are desirable and indicate the
degraded conditions that existed during the sding period. These species probably were not as
abundant during the prior decade based on anecdotal observations such as the routine surveys of
macrophytes conducted for the Colville Tribe by consultants as a requirement of the fish farm discharge
permits. Parametrix, Rensel Associates and University of Idahd)280orted from Rocky Reach

Reservoir downstream of RWL that taxa of blue green algae occurred in their samples in a yearlong
study.

Note that wemodified the location cod@n Table Xor the following analysis of the October 2010 data.
We did this to simplify the codes and for easier interpretation. The folloteiblg (Table 8) contains
the location codes for October 2010 data.

Table8. Location of seven sites usedrfOctober 2010 periphyton assemblage analysis.

Site | Latitude N Longitude W
A 48 01.395 118 57.436
B 48 01.694 118 58.052
C 48 08.371 119 06.485
D 48 08.473 119 06.336
E 48 09.025 119 08.383
F 48 03.242 119 31.542
G 48 02.960 119 33.024

Periphyton Chlorophylla

The concentration operiphytonchlorophylla (mg/m? varied by site andepth (Figure 45)ANOV Ap-
values were 0.06 and 0.09 for site and depth effectspectively (Table 9\We consider these-palues
to be indicative of strong locein and depth affects. Location effect on chloroplaas particularly
evident and significant between locations at the 3 m defptiyure 45Appendix 5)as was also
illustrated in NMSrdination (Figure 43).
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Figure45. Tile periphyton chlorophyll (mg/m?) at seven locations and three depths, October 6,
2010. Circle = mean, bars = 2 SE. N = 2 reps/site except ho samples available from site B at 15 m.

Table9. GLM ANOVATf the effects of locations (site) and depth on chlorophgliat the seven sites.

DF| Seq SS Adj SS| Adj MS| F P

Site 6 | 1834.2|1801.1| 300.2 | 2.31| 0.06
Depth| 2 |671.0 | 671.0 | 335.5 | 2.59| 0.09
Error | 29 | 3762.7| 3762.7| 129.7
Total | 37 | 6267.9

SitesAandB dzLJA i NB+FY 2F { Sl i{i2yQa DNRB@SI FlLad Ftz2¢eAiy3
produced the most chlorophydl (Figure 45).Chlorophylla at sites D and E were for the most part much
lower than the other sitesOur GLM ANOVA model with those two sitemoved showed a much
greatereffect of location and depth on chlorophwyldensities (Appendix 6)At four of the seven sites

(Sites A, B, C, and F) there was a noticeable decrease in chlomahiitreased depths. At site E,
chlorophyllawas grater at 15 m than any other 15 m sample or even 9 m depthples (Figure 45).

This station was right bank and therefore subjected more to sunlight than the left bank stations (A, B, C
and F). Station D (about 560 m downstream of fish farm Site 1)im#arly exposed to sunlight and

had similar 3 and 9 m depth concentrations of chloropaybut had much lower 15m depth chlorophyll

a concentrations.

Limited studies of reservoir circulation using drift objects (drogues) released from the middée Bén
Site 1 showed no right bank shore impingements in the past near Stati@eri3el 2010 But the river
morphology changes on the left bank significantly near Site E and we noticed extensive growths of both
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macrophytes and periphyton in this regionboth 2010 and 201that is probably related to more ideal
growing conditionsAs showrin Figure 46 from th&ASy GIS, Station D is medium slope littoral zone
(dark blue pie chart) and without macrophytes and Station E (turquoise color) is low slopsd Btiore

with macrophytes (green colored part of pie chart). Other GIS informaigh agpresence ofines

and macrophyte dominancéndicates the increased likelihood that Station E is a good periphyton
growing location, but one othdactor shouldbe considered: Tharea near Station E is the first area
downstream of net pen Site 1 where water from the pens would be expected to impinge on the
shoreline area because of the sinuosifytite reservoir at that pointWe do not know if ammonia and
ureafrom the fish influenced these results, but it could be determined through stable isotope analysis.
We believe it may not be a significant factor given other analyses (i.e., relative nutrient loading analysis
done for a NEPA environmental analysis) butimect proof is presently available.

t26SNI Fylfeara aK2gSR GKFG !'bh+x! a8 KIR Y2RSNIGS LR
0.60. Moderate power was due to the small number of replications and the large variability in
chlorophylla.

For comparison to our periphyton abundance dttat ranged from near zero to about 50 mg/m

(mean = 12.8 mg/f 1SE = 2.2, minimum = 0.20, Q1 = 1.4, median = 7.9, Q3 = 2.0, maximum = 50.0) the
standing stock of periphyton were within ranges of other northwest United States rivers. Naiman and
Sedell(1980) measured 31 to 90 mgfrfor the McKenzie River, & order (relatively large), cool {B2

°C), open canopy (few trees) and nutrient rich river system of the State of Oregon. Kim and Richardson
(2000) measured chlorophylaround 10 to 12 mg/rhin the open canopy of two creeks in SW British
Columbia.

Parametrix, Rensel Associates and University of IdahdJ2B0died water quality, plankton and
periphyton dynamics of the mi@olumbia River for one year in Rocky Reach Reservoir (two reservoirs
below RWL). They found that littoral attached benthic algae had relatively high standing stock with the
overall mean of 89.7mg/fmonochromatic chlorophyk that indicated aeutrophic range.Values were

in the range of the mesotrophic/eutrophic lower SndRizer. Attached benthic algae peaked in April;
annual lows were in Augusho significant upstream/downstream trends in attached benthic algae

were apparent.Autotrophic Index values were very low, indicating an efficient algal community
operating at farly high physiological nutrient loading to cells.
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Figure46.
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Ash Free Dry Mass (AFDM)

We could not detect significant effects of location or depth on AFDM (Mgiising ANOVA because of

the limited number of replicates; however it appeared that as with our chlorophyll a results, Sites A and
B produced the most AFDM at the 3dmpth (Figure 4). Theravas not enough periphyton biomass on
any samples at Site D (1km downstream of net pens on same side of river) to conduct AFDM or Al %.
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Figure47. Tile periphyton ash free dry mass (AFDMhg/m?) at six locations and three depths,
October 6, 2010. Circle = mean, bars2=SE.The number of replicates available depended on
whether enough periphyton remained after chlorophydl analysis. No samples were available &te
B at 15 m.There wa not enough periphyton in the samples to conduct AFDM analysis at Site D.
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Autotrophic Index (Al)

In this study, we used a version of autotrophic index that was the ratio of chloliaphy AFDM as a
percentage.This measure of Al is typically around%. Elotemerschet al. 2006).Values much less

suggest heterotrophic conditions, whereas values higher suggest increased blue green/green algal

production. It appears that in October 2011 algal production was high in the majority of logations
however, at several locations heterotrophic conditions prevailed, particularly on tiles > 3 m depths
(Figure 48).We did not detect significant location and depth differences due to small N and large
variability. Dominance of algal production was also apparentiirestimates of taxa densities and
metrics where there were often high densities of algae including nuisance &tsigphorasp.,
Oscillatoriasp., andSpirogyrasp.
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Figure48. Tile periphyton Autdrophic Index % (ChVAFDM) at six locations and three depths,
October 6, 2010. Circle = mean, bars 2 SE. Al% is typically 0.®otemersch et al. 2006)Values
<<0.1 suggest heterotrophic autochthonous production, whereas values >>0.1 suggesaseddlue
green/green algal autochthonous production

Tablel0. Descriptive statistics for Ch, AFDM, and Al % (all October 2048mples combined)

N | Mean| SE | StDev| C.V. | Q1 | Median| Q3
Chia(mg/m2) | 38| 12.39| 2.11| 13.02| 105.03| 1.36 7.62| 21.36
AFDM (mg/m2) 20 | 11239| 464 | 2074 | 18.45|9485| 10494 12951
Al % 20| 0.16|0.02| 0.10| 64.22| 0.07 0.16| 0.25
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Tablell Growth rates Chl (mg/m?/day) and AFDM (mg/riyday)(all October 2010 samples

combined)

N | Mean| SE | StDev| C.V Q1 | Median| Q3
Chta(mg/m?/day) | 38| 0.34 | 0.06 |0.35 |103.15|0.04 |0.22 0.57
AFDM (mg/rfyday) | 20 | 305.4 | 12.20| 54.60 | 17.87 | 267.9| 295.90 | 353.4

Soft bodied algae abundance and occurrence

Spirogyrasp. andCladophorasp. were the most abundant soft bodiethal on thetiles that had enough
periphyton growth to conduct metric analyses (N = 19) in the October 2010 assays (Figufe 49
understand the effect of log+1 transformation in this figure, we estimated a total of > 6 n#ifisogyra
sp. cells and # millionCladophorasp. cells on the available tileld € 19 tiles) as contrasted with about
a total of 317 cells dPediastriumsp. (Figure 49). Densitiesfrof the soft bodied algae from October
2010 tiles are illustrated in Figure 49.
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Figure49. Mean @ 2SE) number of soft bodies algal cells/ifiog +1 transformed) on tiles retrieved in
October 2010.

Six soft bodied algal taxa occurred at more than 30% of the six sites including at leastiisea®a soft
bodied algal taxaCladophorasp.,Oscillatoriasp, andSpirogyrasp (Figuré0). Cladophorasp. and
Spirogyrasp. occurred at 50% of the sites in Octob@010 (Figure 50).
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Soft bodied algal presence
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Figure50. Presence (occurrence) of soft bodied algal taxa from upstream to downstream at six sites.
There was not enough periphyton growth on tiles at Site D to conduct taxonomic analyses.

Results of chlorophyd in this study are somewhat similar to what othdvave found. For example, our
mean of 33.6 nanograms chlorophgdtm?/day (0.34mg/nf/day) (median = 21.8 ng chlorophyll
a/cm?/day) is similar to what Smoot et al. (1998) observed. They found vithpy/ton growth rates
ranged from 6.0 to 80.0 nchlorophyll a/cm?day, and were locally enhanced (2.5x that of ambient
station) downcurrent of a freshwater nepen. Also, Kevern et al. (1966) fout taverage growth rate
of periphyton on plates in the streams over a single exposure period was 0.3Mgym(= 310
mg/m?/day).

Our estimates of chlorophydland AFDM mean growth rates included the unknown time it took for the
periphyton (and other initial colonizers like bacteria) to firsiorite the tiles and grow. Theadter,

growth rates are not unifornbut can increase rapidly then taper off. Also, grazers, particularly snails,
occurred at low densities on many of the tiles and may have affected our estimalilsmugh grazing
obviously reduces periphyton standing crop, low to moderate intensity mgaaften increases

periphyton growth rates. We did not investigate grazing pressure or secondary consumer affects on
primary production in this study.

Sloughing of periphyton (i.e., the process where the distal end of the filaments breaks off) from tiles
October 2010 seemed unlikely because of the slow growth rates we observed on cobbles. However, we
frequently observed sloughing from cobbles that may be due to long term growth (1 year), increased
flows, etc.

Autochthonous primary production in RWL watatively low compared to river primary production
elsewhere but within the range of other stream/river systems, at least within the shallow littoral zone in
October, 2010. During this time, autochthonous production was often dominated by soft bodedd al
production, particularly at shallow depths and was often dominated by several noxious taxa. Periphyton
assemblages generally were affected by the interaction between location and depth with assemblages
noticeably different upstream than downstream thia due, at least in part, to differences in

morphology and water velocity/circulation known to exist in RWLaddition to other primary
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production sources, adequate periphyton resources in the littoral zone appear to be available to
secondary consumsr(grazers) and through the food web to predators, although in 2010 and probably
2011 the noxious forms may have been more refractory of higher food web use than in prior years of
lower flows and better water quality. These observations are manifestdtkifollowing sections
regarding secondary productio@¢bble Basket Studies aBdctionDredgeStudie$ and fish dietsKish
Stomach Analysis).

Cobble BaskeStudies

Over 100,000 organisms were identified from the baskets (N = 86 basket contents edariin several
occasions a few taxaccurredat abundances >> 1000 including; hydra, flatworms, scuds, snails, and
segmentedvorms (Table 12)Two baskets collected in January contained an estimated 92,000 and
5,600 organisms after adjusting feubsamphg. Thesehighly abundantaxa were mostly flatworms,
scuds, and hydraAnother basket collected in March contained an estimated 37,500 orgamsyasof
whichwere hydra. After removing these three samples fromtfier analysis; mean abundances of
invertebrates in baskets was 128 (SE = 1giajmum = 0, Q1 = 25, mediarB4, Q3 = 168, maximum =
925). Most of these baskets had cobblleat were predominantly colonized by flatworms and hydras
but many other invertebrates also occurred (Table 12 andrEig).

Tablel2 Total number of organisms and the most abundant 25 taxa collected from cobble baskets
between October 2010 and July 2011.

TOTAL 146,639
Turbellaria 43561
Hydridae 41314
Asellidae 17661
Oligochaeta 15538
Lymnaeidae 9528
Hydra sp. 5080
Planorbidae 4164
Chironomidae 1888
Crangonyctidae 1659
Sphaeriidae 1289
Glossiphoniidae 962
Dicrotendipes sp. 712
Leptoceridae 704
Paratanytarsus sp. 620
Hygrobatidae 518
Physidae 443
Planariidae 156
Orthocladius sp. 124
Caecidotea sp. 90
Stagnicola sp. 82
Physa sp. 70
Hyalella sp. 55
Gyraulus sp. 51
Hygrobates sp. 41
Hyalellidae 40
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Figure51. Relative abundance of invertebrate taxa found on cobbleit & {1 S & @ Wh i KSND
included: hydra, nematodes, and flatworms.

ANOVA results showed no significant differences in total abundances in cobble baskets due to depth or
location; however, there was a significant difference in invertebrate abundancesrgeval month

(Table 13 and Figure 52). This was due to the low abundances that occurred in October and the high
abundances that occurred in January 2011. The January 2011 cobbles had almost 3 months of
invertebrate colonization, whereake others ypically had one month of invertebrate colonization

(except for May samples which had two months of colonization). The October 2010 low abundances
could have been due to river wide seasonal low abundances of the most common taxa such as hydra
and flatworns, cobbles selected at the initiation of the study were from <1 m depth within the

fluctuation zone and did not have sufficient periphyton growth, or other factors. There was no
significant difference in mean number of organisms/basket between Februaryuay 2011.

Tablel3. GLM ANOVA comparing effects of location, depth, and month retrieved of mean total
abundances of invertebrates in cobbleaskets.

Source DF SeqSS AdjSS | AdjMS F P
Location 7 229926 161500 | 23071 | 1.17 0.33
Depth 4 15745 80529 20132 | 1.02 | 0.402
Month 6 499580 499580 | 83263 | 4.23 | 0.001
Error 68 1337934 | 1337934 | 19676
Total 85 2083186
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Total organism in cobble baskets
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Figure52. Mean {2SE) number of organisms/basket at sevenleotion dates. Number above error
bar is the number of samples.

The relative abundances of taxa collected in cobble baskets was quite similar to that found in our
suction dredge results if the rapid colonizer taxa such as flatworms and hydra were ndeihah the
analysis. Also, the cobble basket samplers did not seem particularly well suited for capturing crayfish.
Only four crayfish were collected out of over 100,000 organisms (all of which were invasive crayfish,
Family Cambaridae).

There were dew additional problems associated with cobble basket sampling that if alleviated could
vastly improve results from future studies. Cobble sizes and the amount of volume in the baskets needs
to be consistent for each basket. Estimates of densities canduk if volumes of cobbles in baskets

are kept consistent. Depths at which baskets are deployed also need to be consistent and depth finders
should be used to estimate the depths at which baskets are deployed. We observed some depth related
differencesin benthic macroinvertebrate assemblages in our suction dredge analysis; however, these
differences were not consistent and we did not statistically test for these differences. Certainly there
were no significant depth differences in abundances in thebtmbasket samples. Baskets should not

be placed directly in macrophyte beds and shallow depth baskets should be deployed at depths below
macrophyte beds. If these problems are reduced or eliminated, then cobble basket sampling of
invertebrates could ba very useful method and much more efficient than other methods. Utilization of
cobble baskets, if done correctly and consistently, can help answer many questions concerning
biodiversity, secondary production, and other ecological interactions in RWdir cbimtinued use is
recommended. In particular, monitoring abundances (and densities) of rapid colonizers and other taxa
that occur in cobble baskets can be used in future studies concerning spatial and temporal changes in
secondary production.
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SuctionDredgeStudies

Our best NMS model had adémensional solution using a Sorenson distance measure. This model
resulted in a final stress of 7.81 and final instability of 0.00 at 60 iterations. Our post hoc analysis of
coefficients of determination resuéd in an Rof 0.68 for Axis 1, 0.20 for Axis 2 and 0.08 for Axi&IB.

three axes cumulatively explained 0.96 of the variability in macroinvertebrate assemblages in the data.
Figures 53 and 55 shaive relationship of the macroinvertebrate assemblagef®WL based on our

suction dredge sample results using Axis 1 and AxddtBough Axis 3 was important for our best NMS
model, it only explained 8% of thariability and we elected not to include figures of Axis 1 vs. Axis 3 or
Axis 2 vs. Axis 3. Vahifor all three NMS axes by sampling location/date and by taxa are in Appendices
7 and 8.

Benthic macroinvertebrate assemblages in RWL were primarily driven by location and season with most
replicates clumping together withingite (Figure 53, Axisand2). In general, assemblages at Site A in
October 2010 were much different than most of the other assemblages and particularly with Sites D and
E in July011 (Figure 53). This was mostly due to the abundance ehative crayfish combined with

the absece of odonatesdragonflies) and snails in October 2010 and July 2011 at Site A and the
abundance of odonates (dragonflies) combined with the absence of crayfish at Sites D and E in July 2011
(Figure 55). Crayfish were absent from Sites D and E inQllyp@marily because we sampled poor
crayfish habitati.e. sand/fines with very few cobbles) in these two sites. Crayfish prefer cobble/boulder
habitats for refugia and they are not averse to burrowing through sand if cobbles are slightly embedded.
Dragpnflies were mostly absent from Sites A, B, and C because we sampled primarily in cobble habitats
and not macrophytesA few dragonflies occurred at Site B probably because there were more
macrophytes in that area at that site. Dragonfly larvae are pidaand are almost always associated

with macrophytes. They also are usually green to use the vegetation as camouflage.

Site A benthic assemblages were also different than nearby Sites B and C for all seasons than were Sites
B and C with eacbther (Fgure 53). Weresume that this may have been due to the differences in

physical habitat between Site A with Sites B and C. Results of the NMS ordination highlight the
differences in benthic macroinvertebrate assemblages that occur between the upstresilyraobble,
moderate slopes and moderate velocities with the downstream sites comprised mostly of macrophyte
beds, fine substrates, gentle slopes, and lower velocities. NMS results also reflect the seasonality of the
benthic assemblage, depth of the s, and the amount of heterogeneity within the sites.
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Figure53. Axis 1 and Axis 2 of NMS ordination of macroinvertebrate assemblages by site and season
at five sites in RWL, sampled in October1Z) April 2011, and July 2011.

Samples labels have three code values: Oct = October 2010, Apr = April 2011, Jul = July 2011; capital
letters following the month label are the site locations; numbers following the capital letter are the
sample replicatesPost hoc analysis of coefficients of determination for the correlations between
ordination distances and distances in the originalimensional space for Axis 1 was 0.68 and Axis 2 was
0.20 for a total of 0.88.

October 2010 Site A samples (N = 8) weigdespread and mostly occurred in the top and bottom
guadrants of the left side of therdination (except for sample OctA2) (Figure 53). This was because of
the large heterogeneity of substrate at Site A compared with the other four sites. Randombgdelec
suction dredge samples at Site A could have landed entirely on a large boulder, or in cobbles, or in
sand/fines or a combination of these. Site A is primarily a shallow shelf that extends akbbini€ers
from shore and then drops off rapidly (Figus4).
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Figure54. Site A showing area between the pins that were suction dredge sampled and the shelf that
occurs out to about 15 m from shore.

In addition, benthic assembles were affected by depth, with samples taken froifasdepths

WY LILIA Yy 3 Q Y 2 Ndfferént de@thS (Figure®B).F Ror ekainple, samples OctA5 and OctA8

were collected at the greatest depths (6.1 m) at that site during October 2010. Although OctA5 and
OctA8 were relatively spread apart compangith samples collected at different sites and dates, they
clumped more together in the upper left quadrant than the other OctA samples (Figure 53). Also OctB2
and OctB3 were closer together than they were to OctB1 and OctB4. OctB2 and OctB2 were sampled
from 6.1 and 7.9 m depths respectively, whereas OctB1 and OctB4 were sampled from 3.1 and 0.9 m
depths, respectively. Other samples also separated out by depths but not as obviously (i.e. JulB2, JulB3,
and JulB4 from JulB1 and JulB5; JulD2 and JulD3 i@t and JulD4rigure 53).

Figure 55 illustrates the relationships of the benthic invertebrate assemblages by taxa (common names
used). For the most part the assemblages were relatively similar at all sites except for differences in
abundances of crdigh (Decopoda), bugs (Hemiptera), beetles (Coleoptera), and dragonflies/damselflies
(Odonata) that grouped out separately (Figure 53). The bugs and beetles, although never in very large
abundances at any of the sites, occurred primarily in samples fitenB3n October 2010 (Figures 53

and 55). As explained earlier crakfisere more abundant at Site A.
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Figure55. Axis 1 and Axis 2 of NMS ordination of macroinvertebrate assemblages by taxapgd
five sites in RWL, sampled in October 2010, April 2011, and July 2011.

The NMS ordination and all of the following analyses are based on only five locations, three suction
dredge sampling times, and cover less than one year. Macroinvertebratelabo@s can be highly
variable both spatially and temporally. We do not know what the variability is at different locations or
what the annual variability is at other sites or timddnderstanding the spatial and temporal variability

of the benthic commuity is extremely important from an ecological and fisheries management
perspective. We have collected suction dredge samples from these same locations in September and
October 2011, however the samples have not yet been analyzed, are part of anothest panje will

not be included in this report.

Benthic macroinvertebrate assemblages and RBT diet

Seasonal and location differences in benthic macroinvertebrate assemblages directly affect RBT diets
and their distribution in RWL. Benthic macroinvertebraesount for a large portion of RBT diets in

RW.L (see Fish Stomach Analysis section). In order to survive and grow; RBT must learn to recognize,
track, and successfully forage for these benthic assemblages as they vary by location and season.

BenthicMaaoinvertebrate densities

Based on our limited data, sonsections of RWR have greater standing crop than others even within
the relatively short distances between sites (Figure S8)e differences were, however, particularly
evident between the mid anadWer section of RWLSeasonal variation in densities also was apparent
but not significantly (notice error bar overlap in Figure 5Bje overall mean density was 2385/(SE =
390, Min = 48.7, Q1 = 957, Median = 1542, Q3 = 3340, Max = 10DHMities typically were greater in
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the downstream sites (Sites D and E) which were mostly sampled from macrophyte and fine sediments
and at Site C which were mostly sampled from loose unconsolidatiebles (Figure 56).

Benthic densities
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Figure56. Densities/nf (mean and 2 SE) of benthic fauna collected in suction dredge samples in
October 2010, April 2011 and July 2011.

We consider these densities to be within the normal range for many trout fisheries but tending towards
the low end, particularly at Sitesakhd B (Table 14)-or examplesome very productive trout fishery

rivers can have benthic macroinvertebrate densities > 25,08@tmd Snyder and Minshall (1996)
NELR2NISR RSyaAaidrasSa Ay /ysféhedluRied Riva)yaSE®ent @sbeIE4).L 5 o |
However, benthic macroinvertebrate densities in RWL are similar to densities reported for several
regulated and unregulated Columbia River tributaries including Priest River, ID, Clark Fork River, MT, and
Kootenai RiverMT (Table 14). RWL benthic macroinvertebrate densities were very similar to but

slightly higher than densities reported the Flathead River, MT; another tributary to the Columbia

River. Richards (2010) compiled historic benthic macestabarate data (N = 30 estimated densities)

from five locations on the Flathead River and calculated mean densities in the Flathead River af1517/m
(SE = 203, median = 237Zmin = 47/, and max = 4291/A). The Flathead River samples were

however fromsections upstream of Flathead Lake, MT and the Flathead River has much less flow
volumes and habitat conditions than RWL.

McKinney et al. (1999) reportg@dammarus lacustrismphipod similar tadyalellasp. found in RWL) at
densities 30a1000/n? and Chionomidae (midges) at densities from 2@@00/nT in the Colorado River
downstream of Glen Canyon Dam, a popular trieghery (Table 14)Their values are somewhat higher
than what we have found for these two taxa in RWL but within the same range. Bwpthigods and
midges are important food items in RBT diets in both the Colorado River and RWL.
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Tablel4. Benthic macroinvertebrate densities/rmin other riversvs.

Rufus Woods Lake.

River, State Density/m’ Citation
Green RiverJT 10,000 Vinson 2001
Kootenai River, MT Bonce and Bush 195
Pre dam 3,500 Snyder and Minshall 1996
Post dam 900 Royer et. al. 1997
Priest River, ID 3.900 Snyder and Minshall 1996 Royel
et al. 1997
Salmon River, ID 38.000 Snyder and Minshall 1996, Rwy
et al. 1997
A - AL A 5 A Snyder and Minshall 1996
|
/ 2SdzNJ RQ! £t SYyS wA @SN 63,000 Royer et al. 1997
Clark Fork River, MT
Pre enrichment 9,000 McGuire 1990
Post enrichment 27,000
Gibbon River, Madison River, Firehole 10,00040.000 Kerans et al. 2005

River, and Nez Pierce Creek, YNP, WY

Colorado River, AZ

Gammurus lacustris

Unconsolidated cobble 50(.)' 1’009 McKinney et al. 1999
Chironomidae
1,400- 2,600

., Gammurus lacustris

Colorado River, A 300-600 .

Cobble bars Chironomidae McKinney et al. 1999
200500

Rufus Wmds Lake 2,400 This study

! downstream of Flaming Gorge Reservoir
2 downstream of Libby Dam
% downstream of Glen Canyon Dam

About 33 families of benthic invertebrates were collected in suction dredge sarfidete 15).This is a
fairly diverse group dbenthic organisms with different life cycles, habitat preferences, and seasonal
abundancesalthough many typical, largever, coldwater mayfly, stonefly, and caddisfly taxa were
absent. This benthic diversity translates to the presence of RBT dimisitdaroughout the year.
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Tablel5. List of benthic invertebrates collected in suction dredge samples.

Order (Common name) Family Order (Common name) Family
Ephemeroptera (Mayflies)Baetidae Bivalvia (Clams) Sphaeriidae
Odonata (Dragonflies) |Coenagrionidae Annelida (Segmented |Glossiphoniidae
Hemiptera (Bugs) Corixidae worms) Oligochaeta
Coleoptera (Beetles) Dyticidae Acari (Mites) Acari
Diptera (True flies) Chironomidae Hygrobatidae

Ceratopogonidae Lebertiidae
Trichoptera (Caddisflies) |Hydroptilidae Limnesidae
Lepidostomatidae | |Crustacea (crayfish and |Asellidae
Limnephilidae scuds) Cambaridae
Polycentropodidag Crangonyctidae
Gastropoda (Snails) Ancylidae Hyalellidae
Lymnaeidae Ostracoda
Planorbidae Other Organisms Nematoda
Physidae (unsegmented worms, |Hydridae
Lymnaeidae ribbon worms, flatwormglNemertea
Valvatidae etc.) Turbellaria

The followindfigure (Figure 57) illustrates the proportional abundances of taxa found in the suction
dredge samples from different sitesd seasons.
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Figure57. Proportional occurrence of benthic taxa in suction dredge samples for April 2011 and
October 2010. Individual pies are arranged clockwis2 ¥ Y2 & i F odzy R yid G2 €SI ai
category is all taxa that occurred < 1% combined.

Sculpin density estimates

Sculpins were observed within the majority of site samples (immediately prior to suction dredge
sampling) in all the upstream sites €SitA, B, and C) but not in any of the downstream sites (Sites D and
E). Sculpins are almost exclusively associated with cobble habitat. In general, we estimated that sculpin
density ranged from about-10/m?in the upstream sites. Sculpins were almostajs seen on the tops

of cobbles, which seemed to be an unusual behavior for a species that is considered to be primary prey
for large trout. Sculpins were uncommon in RBT stomasgesKish Stomach Analysishich suggest a

gross underutilization by tut of an otherwise commonly utilized prey.

Dry weights, energy densities, and calories

We directly measured dry weights (mg) of the fifteen suction dredge samples collected in October 2010.
Dry weights were highly variable due to occasional large chayd&ldisflies, or snails. The mean dry
weight of the October 2010 samples was 4.29 grami$ABE = 0.43, Q1 = 0.15, Median = 1.66, and Q3 =
7.26). We applied low values (15.94 joules/mg) and high energy density values (26.28 joules/mg) from
Hansoret al. (1997) as shown iAppendix BPrey Energy Densitiemd converted to calories (1 joule =

0.239 calories) to estimate the amount of energy (calories) of standing crop benthic macroinvertebrate
biomass per square meter of substrdfeable 16).Because weampled from approximately 1 m to 8 m
depth we consider these energy density estimates to be representative only for the littoral zone of RWL.
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Table16. Estimated dry weights (g/rf), energy densities (joules/) and calories/ni of benthic
macroinvertebrates from October 2010 suction dredge samples.

Dry weight | Joules/nt | Calories/nt
Parameter > - .

(mg/m"®) low | high | low | high
Mean 4 68| 113| 16 27
-1SE 3 46| 75| 11 18
+1SE 6 91| 150| 22 36
Q1 0 2 4 1 1
Median 2 26| 44 6 10
Q2 7 116| 191| 28 46

We also estimated individual dry weights (mg) for several taxonomic groups that were weighed in the
October 2010 suction dredge sampl@sble 17).This allowed us to explore the relationships of

individual food items in RBT diets.

Tablel7. Estimated dry weight values of individual taxa (mg/individual) found in this study in

October 2010.

Taxa N | Mean| SE | StDev| Min | Q1 | Median| Q3 | Max
Acari (mites) 4| 0.28(0.08| 0.16|0.13|0.16 0.25| 0.44| 0.50
Bivalvia (clams) 14| 0.97|0.21| 0.80|0.50|0.52 0.68| 0.83| 3.03
Chironomidae (midges) | 16| 0.21|0.07| 0.26|0.06| 0.10 0.13| 0.21| 1.18
Ephemeroptera (mayflies 2| 0.75|0.25| 0.35| 0.50| NA 0.75 NA| 1.00
Gastropoda (snails) 12| 5.92|1.63| 5.64|0.89|1.61 3.23| 10.29| 16.48
Oligochaeta (worms) 16| 0.18|0.06| 0.23]0.02|0.05 0.10| 0.24| 1.00
Other 9| 0.32/0.06f 0.17|0.06|0.18 0.33| 0.46| 0.60
Trichoptera (caddisflies) | 9| 4.73|4.41| 13.23| 0.08| 0.17 0.40| 0.50| 40.00

Crustaceans can vary widely in size and dry weights and were analyzed as one group. Therefore, we did
not calculate individual weights but usedtimated low and high dry weight values suggested by
Dieterman et al. (2004) or Hanson et al. (1997) (Table 18).

Tablel8. Low and high estimated dry weights (mg) of individual crustaceara found in RWL
(modified using Dieterman et al. 2004 and Hanson et al. 1997).

Taxa Low(mg) | High(mg)
Caecidoteap.(isopod) 0.02 11.69
Cambaridae (introduced crayfis| 0.65 82258.22
Crangonyssp. (small crustacean| 0.03 4.79
Hyalellasp.(scud) 0.01 4.12
Orconectesp.(native crayfish) 3.50 15545.90

Dry weights for the April 2011 Site A samples (N = 5) were measured for the entire sample combined
and not individual taxa groups. We estimated the mean dry weight at Site A in April 2011 to be 0.15
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g/m?(0.05 2SE) for four of the samples that did not have crayfish. The fifth April 2011 sample, in
addition to the suite of taxa present at similar abundances in the first four samples, contained two large
crayfish. The estimated dry weight for the sampiéh the two crayfish was 34 g/fm We did not

estimate dry weights or calculate energy densities for the suction dredge samples that were collected in
July 2011 because dry weights were not measured.

It is apparent that dry weights of benthic invertebeatcan vary seasonally and within individual taxon,
often by many orders of magnitude. Crayfish are an obvious example. Crayfish are often extremely
abundant in RWL, especially in the middle to upstream sections. Thus, estimation of caloric values of
benthic invertebrate standing crop is very problematic and our estimates are most likely low compared
to the true values. However, crayfish were uncommon in RBT stomsebd-(sh Stomachnalysi$ and

thus their importance to standing crop biomass, as faRB3 diets is concerned, appears to be of
fAYAGSR AYLRNIFIYOSs fidK2daAK 2yS 2F (GKS | dzi K2 NA
dzLJA GNBFY 2F {SIFIdi2yQ&d DNRGS Ay ! dz3dzad wnmn 6AGK
sized crayfis. Crayfish are also much less digestible than other RBT food items particularly midges and
sculpins $ee Fish Stomadknalysi¥. On the other hand, crayfish disproportionately influence benthic
assemblage ecology, because they are aggressive predatans/oras and because of their ability to

attain very large sizes compared to other aquatic freshwater invertebrates.

Benthic macroinvertebrate ecology

We also explored the benthic macroinvertebrate ecology in the section of RWL from the suction dredge
data. We did this to further understand their dynamics and to relate this to RBT ecology.

Functional Feeding Groups (FFG)

Functional Feeding Groups analysis (FFGSs) relates the types of feeding strategies of organisms in relation
to the food resources. These of FFGs in understanding community dynamics, food webs, and other
ecological relationships is well developed and accepted in stream ecological studies.

Our FFG analysis showed that grazers were by far the most important in the benthic assemblaljes for
locations (Figures 58 and 59). Tlaegounted for about 7@0% of the benthic organism abundances in
both October 2010 and July 201Grazers are a diverse group and are considered to be more
generalists than the other FFGs. In RWL the most promigegherers were midges, worms, and, scuds.

Scrapers mostly feed on algae and reflect conditions with ample algal growth (primary productivity)
mostly as a result of increased sunlight, temperature, and time. For example, scrapers were a greater
proportion of the benthic community in October 2010 than in R0¢1 (Figures 58 and 59) mdigely

due to the amount of time algae had to grow following high water flows and the clear water of late
summer and fall that transmits more light for macrophyte andijpieyton production. As noted in the
water quality section, phosphorus levels were higher than normal in 2010 which also may have
contributed to this part of the food web. Scrapers also occurred at greater percentages at Site C than
Site A in the Octobe2010 samplesThe most common scraper taxa in the samples were snail taxa.

Shredders occurred at very low percentages or were absent from our samples, which reflects the limited
amount of course particulate organic matter (CPOM) mostly in the formadraghonous (i.e.,

originating in another place than where found) leaf input. Filterers were almost completely absent, as
well. Filterers collect food items in the drift and their low proportion of the FFG illustrates the limited
amount of drifting fingparticulate organic matter (FPOM) in RWIhe most common filterers were

fingernail clams.Predators occurred in relatively low abundance but within the range of normal
percentages, typically around 10%.
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Figure58. Mean (+2 SE) of percent functional feeding groups collected in October 2010 suction
dredge samples.
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The mean percent of the three dominant taxa found in each of the suction dredge samples was 75% (
2SD = 21%), which is somewhat high for unregulated lotic systems. This suggests that water quality

conditions, as a functiono Wo A2t 23 A OF €
due to the effects of the impoundments both upstream and downstream. Oligochaetes (worms),
crustaceans, midges, and snails were typically the most domtaaat(Table 19).

AYUSINR (e dsishostBkely2 aaAof &

Tablel19. Most dominant taxa in all suction dredge samples collected in October 2010 at the three

sites.
# timesin
Phylum Class/Family ervsvglsl} titg;(a Common name Flugfgsga tggn?":n;nit
taxa
Annelid Oligochata Oligochaeta Segmented worm| Gatherer 21
Crustacean Isopoda Caecidoteap. Pillbug (sowbug) | Gatherer 10
Crustacean Amphipoda Hyalellasp. Scud Gatherer 6
Crustacean Decopoda Orconectes virilis| Invasive crayfish | Omnivore 6
Diptera Chironomidae | 3 taxa Midge Gatherer 17
Mollusk Gastropoda | 4 taxa Snalil Scraper 10
Mollusk Bivalve Pisidiumsp. Clam Filterer 2

The RBT fishery is primarily dependent on these dominant taxa because of their disproportionate large
abundances as food items. For example, digetes (segmented benthic worms) were often the

dominant taxa in the benthos. However, oligochaetes appear to be mostly absent tid&Bgee Fish
Stomach Analysis This is because RBT are visual predators and rarely search within the sediments for
worms. On the other hand, crustaceans, snails, and midges also occur at high abundances and because
they are visually available made up a large portion of RBT @iegsFish Stomach Analysis

Invasive crayfish

Estimated mean densities of the invasirayfish in suction dredge samples for all sites was 34/fine
highest densities were at Sites A, B, and C in July 2011 with a mean of 4High densities in these
sites were most likely due to a reproductive event with many small juvenile craglisicted. We did
not measure individual crayfish.

Nonnative Cambaridae crayfish are highly invasive and when established can have far reaching effects
on biodiversity, community structure, energy transfer, food webs, effects on fisheries, and severe
effects on the structure and functioning of rivecosystems (Lodge et al. 2Q@utierrezYurrita et al.

1998, Geiger et al. 2005, Crehuet et al. 2007, Larson and Oldenl2zi et al. 2011) All fisheries
management programs on the Columbia River and@ated reservoirs (e.g. RWL) need to be

concerned about this invasion and monitor invasive crayfish populations closely. Researchers and
managers must also study and monitor ecosystem effects of invasive crayfish, particularly in relation to
fisheries.
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Cambaridae crayfish are mostly omnivores that feed on large quantities of invertebrates, plants, and
detritus (Feminella and Resh 1989; Huner and Barr 189411 and Bernardo 1993a, b, 19%0orreia

2002, 2003Alcorlo et al. 2004Rudnick and Resh 200%)lowever, invasive Cambaridae crayfish are

prone to prey on slow moving invertebrates, mostly mollusks (snails and clams), because mollusks are
easy to capture and are expected to provide more energy in the long run than other more elusive prey
(Nystrom etal. 1999, Stenroth and Nystrom 2003). It has also been suggested that, in the presence of
other prey, mollusks might also be exploited by crayfish as sources of minerals (e.g. calcium carbonate)
needed for crayfish growth (Crehuet et al. 2007).

We notedthat shails and clams were strongly disassociated with crayfish in our NMS ordination results
anddiscussion (Figure 55T.0 statistically test these relationships, we conducted non parametric
Spearman rank correlation between crayfish and snails andscl&mail abundances were significantly
negatively correlated with crayfish abundance& 33; p = 0.02; N = 48) as were clamds53; p = < 0.01;

N = 48). Correlations do not infer causal relationships and other factors besides predation of invasive
crayish on mollusks (snails and clams) may have been involved, including habitat preference
differences.

In addition, the invasive virile crayfi§h virilishas only recently been reported in RWL in 2009, only two
years prior to our suction dredge survewion et al. 2010). Most likely this invasive species was
established in RWL sometime before 2009 because its populations are very high. However, given its
invasiveness and the potential ecological impacts that it can have, its invasion is of extrezemcon

Our suction dredge samples failed to produce any signal craifitifastacus leniuscul@@amily
Astacidae); the only crayfish native to the Columbia River (F&)relnstead only nonative, crayfish
(Family Cambaridae) were collected (N = €ainbaridae). These were modilyconectesp., and all

were most likelyO. virilis the virile crayfish because it is the o@yconectesp. to have been reported

in RWL (Figurél); however, our taxonomists were unable to definitively determine spedtiesause
specimens were preserved in alcohol and many were juveniles with key morphological characteristics
lacking or indiscernible. Specimens that could only be identifi€@rtmnectesp. may possibly have
beenO. rusticusthe rusty crayfish but itds not been reported in RWL.

Figure60. The signal crayfistPacifastacus
leniusculugFamilyAstacidag; the onlycrayfish
native to the Columbia River. This specimen
was photographed near Pacific Aquaculture net
pens in Sepember 2009. Courtesy of Pacific
Aquaculture.
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Figure61. The nonnative invasiveOrconectes

sp. (Family Cambaridae). This specimen was
photographed near Pacific Aquaculture net pens
in September 2009. Courtesy of Pacific
Aquaculture.

Benthic assemblage below littoral zone

We did not quantify the benthic assemblages below the littoral zone (e.g. benthic, profundal zones) but
assume that standing crop biomass is less than that found in the littoral zone. However,coB8&USS

a regulated river, flushing and scouring of sediments during flood events is reduced and sediment
accumulation occurs, particularly in the downstream sections. Benthic assemblages below the littoral

zone are adapted to low light conditions andetritus (sediment) based economy. We expect many of

GKS w3l GKSNBND GFEF (KIFIG 200dz2NNBR Ay 2dzNJ 4dz00G A2y
not found in our suction dredge samples) to also occur beneath the littoral zone. Many oftdéxase

including; midges, scuds, crayfish, worms, and sculpins (and occasionally snails) are often found in the
benthos below the littoral zone.

Tribal biologists have observed (with the use of video cameras) RBT, sculpins, and northern pike
minnows at deths > 100 ft. in RWL (Ed Shallenberger, personal communicakianmyever, in the

middle reservoir approximatelgver mile 576.1, near China Bane of us (Rensel) recorded over an
K2dzNJ 2F dzy RSNBF SN GARS2 g AGK thrghBe indlatelfall 20420 € A AKGA Y
without spotting a single fish or invertebrate among the large cobble/sand habitat. Light conditions at
these depths are extremely diminished but because several fish taxa are sometimes observed at this
depth, we speculate thatome food items also occur at these depths, including those food item taxa
mentioned above.However, we do not know at what densities, diversity, or biomass the benthos below
the littoral zone provides to the RBT fisheries. Abundance of sediment déoiwddesources are not
directly governed by light or temperature and the benthic taxa occurring at depths below the littoral
zone should not be as seasonally food limited as those taxa found in the littoral zone.

Invasive carp

Although we did not capturany carp in our samples, RWL has a large population of uip.species is

'y aS502aeadSY SyaaAySSNE |y 2FGSy It GSNAR NAGSNI SO2
increase turbidity, eat benthic food items and game fish eggs. We suggesttngith carp removal

/reduction plan in RWL. It should not be difficult to reduce carp populations. Carp are group spawners

and many of their spawning locations are known. For example an intermittent tributary to RLW on the

left bank near China Bar (aidver mile 576) is a prime spawning location for carp (Appendix 14). This
backwater area could easily be netted off when carp are spawning and the fish removed. This would
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eliminate millions of potentially destructive carp fry from the system. Othanspng locations can also
be located and netted.

Rainbow Trout Stocking Program

Sterile (triploid) rainbow trout (RBT) have been stocked intentionally and as accidental releases from the
commercial net pens iRWLfor many years Shallenberger (2009). Wew of no single comprehensive
database of hatchery fish released, intentionally and accidentally, into RWL or Lake Roosevelt and
upstream that may immigrate into and emigrate out of RWL.

Anecdotal observations and CCT Fish and Wildlife data indicattenégmy of the fish caught by anglers

are clearly of RWL net pen fish farm origin (up until recently, mostly Trout Lodge stock), due to their
large size and high weight to length ratios. But many other types of trout and salmonids occur in Rufus
Woods La& including kokanee and (fin clipped) rainbow trout from Lake Rooséddelvever, prior to

2006 only a portion of the RBT stocked were triploid (Peone 2006), which may have resulted in some
natural production in either or both lake$=or example, we catted a ripe female RBT, apparently

killed by gas bubble disease in the vicinity of ChindrBamne 2011sge photo @pendi¥. The Lake
Roosevelt RBT are thought to generally be less than 0.5 kg in the RWL catch (E. Shallenberger, pers.
Comm. to J. Resel Oct. 2011). Redband troarte native to the Columbia River ahdve been stocked

in RWLin recent yearsBrown trout arealsoknown to exisin the reservoir apparently naturally
reproducing. RWL is presently considered bull trout habitat too, atjhdt is unclear if any of these fish
remain and unlikely according to some accounts. The existence of various salmonids from the river
upstream of Lake Roosevelt cannot be ruled out. Anglers catch some of these fish but creel census
study has only beepracticed for a few years and samples only a small percentage of the catch.

Couple the above with occasional small or large accidental releases of fish farm sterile triploid trout and
it results in a potentially confusing array of fish that may inteweith other salmonids and wild fish

induding exotics such as walleydevertheless, we here report the fish morphometric data for the
available creel census result in 2010 bel®&gure 62 illustrates the length and weight relationships for

both the 2010RBT creel census data (blue diamond shapes and fitted power equation line) and standard
RBT data that represent the mean of 81 different lake RBT studies analyzedokinSiamd Hulbert

(1996). The chart shows that RWL fish above approximately 45 demgth (~1.2 kg) begin to diverge in

the length and weight line compared to the mean of all the other studies combined.

In 2010 there werdew reported accidental releases of net pen fish ammhe below a mean size of

about 1 kg. W believe many of thereel census fish were a result of the intended net pen releases due
to the timing of acoustically tagged fish occurrences from the Battelle study not yet completed. The
mean size of these fish from six separate releases ranged from 1.4 to 2.0 kglcWated a weighted
mean of 1.58 kg weight for these fish that stemmed from total releases of 12,414 fish and 179
recoveries shown in Figure 62.
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Figure62. RWL rainbow trout versus length and weight data fro2010 creel census report compared
to standard RBT data described in the texiength is total length for both data sets.

The same RBT data shown in Figure 62 are used in Figure 63 to compare size to the 23 creel census
measured walleye reportedNote that the walleye observations fell along the L x W line and slightly

above, indicating they were had similar condition index and the largest walleye reported was 53 cm, not
much different than the mean of ~ 48 cm. Larger walleye may exist in RWL as sdens mlgase

large females, but these data give some guidance on the relationship of the two competitive species

that may help guide in the choice of release size for RBT in the future. In general, RBT should be at least
1/3 to maybel/2 the length of sore proportion of the larger walleye to escape predation.

Rufus Woods Lak&lorphometrics, Initial Food Web and Rainbow Trout Fishery Studies 81



80

70 - 2
@

60 -
€ 50 -
S ¢ Rainbow Trout
£ 40 |
& = Walleye
330 &

@
20
R s _y=1191In(x) - 37.362
R? = 0.8842 R? = 0.8792
O ! I T 1
0 1000 2000 3000 4000 5000 6000 7000

Weight (g)

Figure63. Length vs. weight plot of 2010 creel census rainbow trout and walleye from Rufus Woods
Lake.

Table 20 reports the size and duration rasuf acoustically tagged RBT from the yet to be cotegle
study by Battelle in RWINote that the total N of these data is limited, but most of the fish were large
and all of the fish lost weight during their short (mean 17 day) stay in RWL excepsloiesfi was
caught after one day and was therefore about the same as at release.

These data, although very limited, are potentially very powerful as they indicate that both small (~500 g)
and large (~ 2kg+) pen reared fish lost weight and therefore aptisread not the skill or ability to feed
effectively on the available food resources. Note too that the timing of these observations included
November, Januargnd April, 2010 through 2011Sq we must be careful about extrapolating the

results to all sasons.

Smaller fish remained longer in the reservoir, ltis not possible to make significant conclusions based
on the small number of observationtn addition,the acoustic tracking records for all tagged fish are
more extensive and conflict with éhdata of Table 20, showing much longer residence time in the
reservoir (months), but that is the subject of a separate report by Battelle presently in preparation. The
possibility of stress of the tagged fish cannot automatically be discounted either.

Amajor issue with the study of RBT in RWL is the possibility of several contributing stocks of fish to the
catch. In addition to RWL net pen fish released intentionally or accidentally, fish could originate from
Lake Roosevelt hatchery and net pen progsariVe cannot discount the possibility of natural

production of RBT in RWL because there maguigble gravel$or spawning and in the past Lake
Roosevelt hatchery fish were often diploid (not sterile). CCT managers have thioaighis little

naturalRBT production in RWL, but dedicatedstudy of the issue has occurredne of us (JR) has
documented other wild Chinook salmon spawninghe mainstem below Wells Dam where gravels

were highly suitable for salmonid spawning
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Table20. Acoustically tagged net pen RBT at release and recapture.

Release Relc_aase Capture EIapsc_ad Capture De_Ita De_Ita
Tag ID Date Weight Date Daysin  Weight Weight  Weight
(9) RWL (9) (9) (%)
G7253D18B  11/1/2010 2062  11/16/2010 15 1,940 -122 -5.9%
G72%6C2A  11/1/2010 1559 1/28/2011 88 1,516 -43 -2.8%
G724638ED 11/1/2010 2138  11/29/2010 28 2,082 -56 -2.6%
G724A60B9 1/13/2011 2320 1/14/2011 1 2,232 -88 -3.8%
G72460AEF 1/13/2011 3318 1/28/2011 15 2,975 -343 -10.3%
G7245D4F2  1/13/2011 1428 1/15/2011 2 1,400 -28 -2.0%
G7243FA64 1/13/2011 2088 1/14/2011 1 1,974 -114 -5.5%
G7243F3F8 1/13/2011 2390 1/14/2011 1 2,400 10 0.4%
G7245EC8E  3/24/2011 608 4/11/2011 18 570 -38 -6.3%
G7245E6F0  3/24/2011 646 4/10/2011 17 570 -76 -11.8%
G72400165  3/24/2011 1006 4/1/2011 8 940 -66 -6.6%
G7245C78D  3/24/2011 1136 4/2/2011 9 1,120 -16 -1.4%
Mean 1/18/2011  1,7249  2/4/2011 16.9 1,643.3 -81.7 -4.9%
Std. Deviation 805.7 23.9 752.6 90.9 3.6%
Minimum 608.0 1.0 570.0 -343.0 -11.8%
Maximum 3,318.0 88.0 2,975.0 10.0 0.4%
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FishStomachAnalysis

Overview

Diets of the fish we examined varied significantly amthmge species dfish within and between time
periods samplesAt least 96 separate prey taxa (mostly grouped byifaitevel) were found in the
stomachsamples (Table 21) includib§,273 individual organisms in RBT stomachs, 5,428 organisms in
walleye stomachs, and 175 organisms in northern pikenow (Appendices 9, 10, and 11).

Table21. Lig of taxa found in stomach samples

ScientificName Common name
Ephemeroptera| Baetis tricaudatus Baetid mayfly (aquatic)
Caenidae Mayfly (aquatic)

Odonata Coenagrionidae Narrow winged damselfly (aquatic)
Libellulidae Skimmer dragonfly (aquatic)
Libellulidae/Corduliidag  Skimmer dragonfly (aquatic)

Plecoptera Plecoptera Stonefly (aquatic)

Hemiptera Aphididae Aphid (terrestrial)
Cicadellidae Leaf hopper bug (terrestrial)
Coreidae Leaf footed bug (terrestrial)
Corixidae Water boatman bug (aquat)
Hemiptera True bugs (aquatic/terrestrial)
Notonectidae Backswimmer bug (aquatic)
Reduviidae Assassin bug (terrestrial)

Coleoptera Anthicidae Ant like flower beetle (terrestrial)
Carabidae Ground beetle (terrestrial)
Chrysomelidae Leaf beetlgterrestrial)
Coleoptera Beetles (aquatic/terrestrial)
Curculionidae Weevil (terrestrial)
Dytiscidae Predaceous diving beetle (aquatic)
Gyrinidae Whirligig beetle (aquatic)
Haliplidae Crawling water beetle (aquatic)
Scarabaeidae Scarab beetlet¢rrestrial)
Staphylinidae Rove beetle (terrestrial)
Tenebrionidae Darkling beetle (terrestrial)

Diptera Chironomidae Midge (aquatic)

Acalyptratae Muscoid fly (terrestrial)
Ceratopogonidae No- see um biting midge (aquatic)
Chloropidae Grass fly(terrestrial)
Tipula sp. Cranefly (aquatic)

Trichoptera Hydroptilidae Micro caddis (purse case caddis)(aqual
Lepidostomatidae Little brown/green sedge (aquatic)
Leptoceridae Long horned caddisfly (aquatic)
Limnephilidae Caddisfly (aquatic)
Phryganeidae Caddisfly (aquatic)
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ScientificName

Common name

Lepidoptera Lepidoptera Butterfly/moth (aquatic/terrestrial)
Megaloptera Sialidae Alderfly (aquatic)
Other Insecta | Apidae Bee (terrestrial)
Apoidea Bee/wasp
Archaeognatha Bristletail (terrestrial)
Arthropoda Arthropod (aquatic/terrestrial)
Chrysididae Cuckoo wasp
Dermaptera Earwig (terrestrial)
Formicidae Ant (terrestrial)
Hymenoptera Ants, bees, wasps (terrestrial)
Ichneumonidae Ichneumon wasp (terrestrial)
Isoptera Termite (terrestrial)
Neoptera Wingd insects (aquatic/terrestrial)
Orthoptera Grasshopper (terrestrial)
Raphidiidae Snakefly (terrestrial)
Raphidioptera Snakeflies (terrestrial)
Gastropoda Gastropoda Snail(aquatic)
Gyraulus sp. Gyraulus shail(aquatic)
Lymnaeidae Lymaeid snail(actic)
Physa sp. Physa snail(aquatic)
Physidae Physa snail(aquatic)
Planorbidae Planorbid snail(aquatic)
Valvatidae Valvata snail(aquatic)
Bivalvia Sphaeriidae Fingernail clam(aquatic)
Veneroida Clam (aquatic)
Annelida Glossiphoniidae Leech (aqgatic)
Oligochaeta Segmented worm (aquatic)
Rhynchobdellida Leech (aquatic)
Acari Arrenuridae Mite (aquatic)
Hydrachnidae Mite (aquatic)
Hydrodromidae Mite (aquatic)
Lebertiidae Mite (aquatic)
Limnesiidae Mite (aquatic)
Pionidae Mite (aquatiq
Unionicolidae Mite (aquatic)
Crustacea Asellidae Isopod (aquatic)
Astacidae Crayfish (aquatic)
Astacidea Crayfish (aquatic)
Astacoidea Crayfish (aquatic)
Caecidotea sp. Pillbug (aquatic)
Calanoida (aquatic)
Cambaridae Crayfish (aquatic)
Cladocera Water flea (aquatic)
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ScientificName Common name
Copepoda Copepod (aquatic)
Crangonyctidae Amphipod (aquatic)
Cyclopidae Copepod (aquatic)
Daphniidae Daphnia (aquatic)
Decapoda Crayfish (aquatic)
Diplostraca Cladocera (aquatic)
Gammaridae Scud (aquatic)

Hyaklla sp. Scud (aquatic)
Isopoda Isopod (aquatic)
Leptodoridae Cladocera (aquatic)
Ostracoda Seed shrimp (aquatic)

Other Organismg Arachnida Spider (terrestrial)
Araneae Spider (terrestrial)
Diplopoda Millipede (terrestrial)
Nematoda Unsegmentd worm (aquatic)
Salticidae Jumping spider (terrestrial)
Turbellaria Flatworm (aquatic)

Fishes Cypriniformes Ray finned fish (aquatic)

Gasterosteidae Stickleback (aquatic)

Rainbow Trout Prey

The number of prey taxa that occurred in stomachs vaftieoh fish to fish. Twenty five percent of the

RBT stomachs (N = 73) were empty. Of the remaining 75%, most had < 4 different kinds of prey taxa in
their stomachs (Figure4y. However, one RBT had 14 prey taxa in its stomach and another had 20 prey
taxa n its stomach (Figures.

Number of prey taxa in RBT stomachs
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Figure64. Number of prey taxa in RBT stomachs collected between April 2010 and August 2011 (N =
297).
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The mean number of taxa occurrence in RBT stomachs varied betwaghswith the overall mean =

2.6 taxa. RBT stomachs collected in April/May 2010, April/May 2011, June/July 2010, and June/August
2011 had greater mean number of taxa than the average total and August 2010 had substantially fewer
(Figure 6). We combined\ugust 2011 stomach data with June and July 2011 because there were only
4 verifiableRBT stomachs collected in August 2011 (i.e. not enough data points for August 2011).

Mean number of taxa occurence in RBT stomachs
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Figure65. Mean number of taxa occurrences in RBT stomachs separated by monthly gréggamples
were collected between April 2010 and August 2011. Stomach samples from August 2011 were
combined with June and July 2011 samples because of the limited number of verifiable samples from
August 2011 (N = 4)The dotted line is the overall mean number of taxa occurrences = 2.6. The
number above the bars is the number of stomach samples for that time period.

The percent of RBT empty stomachs is showFigure 6. An empty stomach desigriah meant that

no prey items were found, although fish pellets, fishing bait, vegetation, or other items could have been
present. In 2010 and 2011, April through July samples had the fewest empty stomachs, while August
2010 had the greatest number of empmtomachs (Figure6j.
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Figure66. Mean percent of empty RBT stomachs separated by monthly group. Samples were
collected between April 2010 and August 2011. Stomach samples from August 2011 were rednbi

with June and July 2011 samples because of the limited number of verifiable samples from August
2011 (N = 4). An empty stomach means no prey items were found, although fish pellets, vegetation, or
other items could have been present. The dotted linetlie overall mean of empty stomachs = 25%

It appears that in April/May of 2010 and 2011 RBT started to increase foraging effort from the previous
winter months of JanuargMarch (Figures®and 6) when water temperatures were coldest (see

Figure 9 in Wadr Temperature section). Feeding rates of RBT in RWL are most likely greater when
water temperatures are optimal and rising in tepring (May to July) than any time of year and even
whenwater temperatures are optimal but decreasing in autumn (Novembddeécember) (Figure$6

and &®). Data from RWL commercial net pen feeding rates show that RBT consume and assimilate more
feed during spring than in autumn at similar optimal temperatures (Ed Shallenberger, Fisheries biologist,
CCTpersonal communicatign

Itis unclear why RBT stomachs collected in August 2010 had highest percentage of empty stomachs and
fewest food items. This could be due to increased metabolism when water temperatures were greater
and there was faster digestion and shorter retenttiime of food items in the gut or it could be due to

some other unknown factor.

Aquatic based food items made up more of the RBT diet than did terrestrial food items but terrestrial
food items were almost always present in stomaeksept in Jan/Feb 201hd March 2011 samples
(Figure &). There was also an obvious seasonal shift in diets (Figure3ven the assumption that the
majority of the RBT stomachs examined were ultimately franpen released fish, this shows that at
least some of the net peraised RBT eventually learn how to capture and consume natural food items
from different habitats, trophic levels, and from a wide range of sizes.

The following chartsHigures 8 and 8) showthe taxa found in RBT stomachs by proportion of total
taxa acurrences by presence/absence. Individual taxa were combined into groups that are easily
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identified by nonspecialists and that represent potentially different RBT feeding strategies, ingladi
terrestrial insects group.

In these figures, @uping is ly taxa that represent potentially different RBT feeding strategfsguatic
invertebrate taxa included: beetles (Coleoptera), bugs (Hemiptera), flies (Diptera), caddisflies
(Trichoptera), dragonflies (Odonata), hellgrammites (Megaloptera), mayflies (Epbptara), mites

(Acari), stoneflies (Plecoptera), worms and leeches (Oligochaetes), and benthic crustaceans (e.g. scuds,
isopods, etc.)Pelagic crustaceans included: copepods, daphnia, ostracodsTle¢cterrestrial

component was expanded from the pie help differentiate between terrestrial based food items and
aquatic based food items.

AprMay 2010 JunJuly 2010 Aug 2010 Sep 2010

e
P

Oct 2010 Nov 2010 Dec 2010 JanFeb2011

Mar 2011 AprMay 2011 JuneAug2011

[ Aquatic invertebrates
[ Terrestrial

[ snails and clams

[ Pelagic crustacean
[ crayfish

[ Fish

Figure67. Proportion of food items in RBT stomachs collected between April 2010 and August 2011
by proportion of total taxa occurrences based on presence absence and grouped by months.
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Figure68. Proportion of food items in RBT stomachs collected between April 2010 and August 2011
by proportion of total taxa occurrences based on presence absence and grouped by months. Grouping
isby taxa that represent potentially different RBT feeding strategies and is at a finer resolution than
Figure @.

We also examined RBT stomach contents by abundances of &od for all samples combindBigure
69). The vast majority of individual organisms in stomachs were very small pelagic crustaceans (e.g.
daphnia, copepods, ostracods, etc.) followed by diptera (midges and flies), snails, and terrestrial
arthropods (insets and spiders).
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RBT stomach contents by abundance
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Figure69. Proportion of food items in RBT stomachs collected between April 2010 and August 2011
based on abundances.

Optimal foraging, digestion rates and bioenergetics

There ardradeoffs (costs) between food energy content, the amount of time and effort needed to
capture and handle food itemsgjtimal foraging theory (MacArthur and Pianka 1966, Kamil €t97))
and their digestibilitydigest(the digestive rate model (Verlindeand Wiley 1989) Optimal foraging
theory suggests thaRBTin RWL wilforage in such a way as to maximize their ee¢rgyintake per unit
time. RBT should find, capture and consuiomd items thatcontain the most caloriewhile expending

the leastamount of time doing so. In addition, RBT will also selectively choosetémosd that are

easier to digestthe digestive rate madel (Verlinden and Wiley 1989)Yhat is, RBT will select food items
that make optimal use of their digestive tract (maxiedigestion rate) rather than maximize their food
ingestion rate. Thugptimal foraging suggests that food ingestion rate islthmting factor, whereas

the digestion rate model suggests that digestion is the rate limiting process. Most likely it is a
combination of the two that determine how effectively RBT in RWL forage. These two ideas are also
related to the simple mass balance bioenergetics equation of consumption where energy consumed by
RBT is balanced by total metabolism, waste losses, andlgrow

Consumption = (metabolism) + (waste) + (growth)

or more detailed:

/T 6w b !' b {0 b 6C b !0 b 6np. bDI
where: C = consumption, R = respiration, A = active metabolism, S = specific dynamic action; F =
§3SadAz2yT ! I SEONSBI( A@zgbnagproduction (Hehdéhalil®9d). INRP g i K | YR
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Egestion (waste loss)(F) can vary between prey taxa. Therefore, dry weight biomass does not always
equate to the amount of energy an RBT can derive from a prey item (see Suction Dredge results for
tables of estimted dry weights and energy densities of taxa found in RWL).

The following discussion pertaining to food items found in RBT stomachs from RWL and suction dredge
sampling is based on these three ideas; bioenergetics model, optimal foraging theory, arngebive
rate model

Crayfish and fish as RBT prey

Crayfish and fish were less abundant food items in RBT stomachs than other taxa but obviously are
much larger than almost all of the other food items. About 14% of the RBT stomachs examined
contained crafish (9%) or fish @) (Table 22). Teadditional RBT had cycloid scales in their stomachs in
the November/December samples which we consider indicative of ingesting a fish. This would increase
the percent of RBT stomachs examined that contained fish td=88t in RBT stomachs were not

identified to taxa in this studynowever, Baldwin and Polacek (2002) reported that RBT fish diets in Lake
Roosevelt included only three taxa; sculpins, suckers, and minnows. Asimdialle 2below, several

RBT had morthan one crayfish in its stomach but 64% of the fish consumed were by only four RBT.
This could indicate that few RBT had acquired the skill or ability to feed on this often abundant food
source in RWL, particularly in light of the fact that most of tB& Rvere large fish (> 40 cm).

Table22. Number of crayfish and fish in RBT stomachs and the number of RBT with crayfish or fish in
stomachs in parentheses (N = 297 RBT stomachs examined).

2010 2011

Apr | Jun Jan April | Jun Total

May | July| Aug| Sept| Od | Nov| Dec| Feb| Mar | May | Aug
Crayfish
Astacoided| 0| 0| 0] 22| 31| of11| O 0 0 0 6(4)
Cambarida® 0 0] 1(1)| 8(3) 0 0 0 0 0 0 0 9(4)
Decapoda | 1(1)| 1(1) 0 0| 1(1) 0 0| 1(1)| 9(1)| 8(2)| 15(12)| 36(19)
Fish 0 0 0| 1(1)| 40(4)} 0] 1(1)|3@Q)]| 22| 752 4(3) | 126(15
Total 1(1) | 1(1) | 1(1) | 9(6) | 44(5) 0]2@2)|4(4)|11(3)| 83(4)| 19(15)| 177(42)

!Native crayfish taxa

’Non native crayfish taxa

3Unidentified crayfish taxa

*Three RBT stomachs accounted for 39 of the 40 fish
®One RBT had 74 fishita stomach

“Ten additional RBT stomachs had cycloid fish scales.

Pursuing crayfish (or fish) obviously requires more energy expenditure than feeding on small
invertebrates in the drift, even though a large crayfish (or fish) can have orders of magmntue
useful biomass energy.

The amount of useful energy per gram of dry weight is less for crayfish than sculpins or other fish prey
because of their hard chitinous exoskeleton. However the thickness and hardness of crayfish
exoskeletons varies seaslly and is thinnest and softest for several days directly after molting before
the exoskeleton can harden. Crayfish are more reclusive and less likely to be captured during and
directly after molting but may be more sought after by RBT at this time.
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Fid taxa vary in their digestibility to RBT depending on the type of scales, spines, and amount of bones.
For example, northern pike minnows have more bones than many other prey fish and sticklebacks have
three spines that make it difficult to ingest.

Basal on optimal foraging theory, the digestive rate model, our understanding of crayfish, prey fish, RBT
behavior, and the similar percentages of crayfish (8%) andSigh&%6) in RBT stomachs; we suggest

that although crayfish are for the most part harderdigest than fish, they are either more abundant or

are easier to capture and handEasier capture and handling time of crayfish is also supported from our
suction dredge sampling results where sculpins and other fish were near impossible to coikreiasy
crayfish were not.

Differences in digestibility between prey fish taxa are obviously not as great as the difference between
prey fish and crayfish digestibility. Selection and consumption of prey fish by RBT should therefore
mostly be dependent orelative abundances, capture rates, and handling times (i.e. optimal foraging
theory) of individual fish taxa and not by as much by digestive rates.

From our visual observations, SCUBA, snorkeling, and suction dredge sampling there seems to be a large
abundance of potential large prey items for RBT, in particular: sculpins in the upstream portiond.pof RW

very largeabundance of crayfish throughout RWLY R Yy dzZYSNR dzd 2 G KSNJ Wol A G FA &aKC
minnows, juvenile suckers, carp, etim Xhe mid aml lower sections These food items occur throughout

the year in RWR. Released RBT that can adapt to consume these larger prey items, should be able to

survive and some may attain large sizes.

Snailsas RBT prey

Snails are abundant in RWL and providedizstantial portion of RBT diets though out the study

(optimal forage) but they have indigestible calcareous shells which do not provide food energy
(digestion rate limitation). Snail shell thickness and hence digestibility can vary seasonally but mostly
varies by taxon. For exampleyd of themost abundant snail taxa in RWL, Lymnaedae and Physidae,
have different shell thickness with lymnaeid and planorbid snails having much harder shells than fragile
shelled physa shails. Some snail taxa (i.e. Familsobijdae) have opercula that allow snails to seal
themselves into their shells. Several studies have shown that the highly invasive New Zealand mudsnail
(Family Hydrobiidae) can pass directly through RBT digestive systems unharmed (Vinson and Baker
2005) Because of their hard shell and opercula, fish gain very little energy from ingesting NZ mudsnails
(McCarter 1986). Fortunately NZ mudnsails have not been found in RWL but it is probably only a matter
of time because NZ mudsnails have invaded manygivethe area, including the lower Columbia River
(New Zekand Mudsnail in the Western U3tp://www.esg.montana.edu/aim/mollusca/nzm3/ None

of the snail taxa found in suction dredge sangpte fish stomachs were from the family Hydrobiidae and
none had opercula. Snail taxa in RWL are more likely to be digested by RBT than hydrobiid snails and
are often found in RBT diets wherever the tweaazur. In this study, we were unable to determiih

RBT selectively fed on different snail taxa dushell thickness (digestibilitydr other factors). This was
because most snail shells in the stomachs were fragmented and were unidentified past the taxonomic
level of gastropod (snail).

Lymnaedplanorbid, and physid snails were the three most abundant snails in our suction dredge
samples (Table 23). Fingerr@iéims were also found in small quantities in RBT stomachs and have
softer shells than many other native clam taxa. Fingernail clamsé8jutae) were the third most
numerous mollusk in our suction dredgamples (Table 23).
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Table23. Most common mollusk (snails and clams) and percent abundance in suction dredge
samples.

Total Percent
Mollusk taxon abundance| abundance
Lymnaeidae 3223 26.41
Planorbidae 3068 25.14
Sphaeriidae 2756 22.58
Physidae 2391 19.59
Valvatidae 724 5.93
Ancylidae 41 0.34

We suggest that all mollusk taxa are important RBT food items in RWL, based on this study and our
knowledge of frestvater mollusks and RBT feeding strategies. Also, lymnaeid and physid snails are not
as cryptic as planorbid snails and should be easier to detect (capture rate) by WRBiaeid snails and
physid snails should be the preferred snail taxa food items tmaftitheir relative abundance

(lymnaeid snails) and because of their fragile shells (physid shails). An example of RBT feeding on
lymnaeid snails is illustrated in the following phst-igures 70 and 7.1)

Figure70. ThisW g ARBRWAS approximately 46 cm long and was apparently a net pen released
triploid from Lake Roosevelt

Rufus Woods Lak&lorphometrics, Initial Food Web and Rainbow Trout Fishery Studies 94



Figure71l. RBTstomach from fish shown in Figure 70 caught in October 2011 containing live snails.

The RB was approximately 46 cm long and was apparently a net pen released triploid from Lake
Roosevelt (its adipose fin was clipped and its dorsal fin was almosgxistent). It most likely was
released/escaped when it was much smaller and had survivedranehgo its capture length over
several years (Ed Shallenberger, Fisheries biol@@&Epersonal communication). Its stomach
contained 16 lymnaeid sils, all of which were alive.

Aquatic Invertebrate Prey

EcoAnalysts, Inc. lab also reported stomactiteots by number of individuals (abundances) of each

taxon. For the most part, number of individuals of each taxon does not represent caloric value to the

fish because individuals of each taxon can vary in biomass by many orders of magnitude. For,example
an individual pelagic crustacean can weigh < 0.01 mg dry weight while a crayfish (crustacea) can weigh >
1000 mg dry weightlables 16, 17 and 18 Suction Dredge Results Section). A fish would have to eat

10’ pelagic crustaceans to equal the biomassa single large crayfish. However, both cladocera and

other crustaceans were important components of RBT diets and many of the RBT stomach samples had
thousands of small prey item$-or example, one RBT had 9000 cladocerans in its stomach (approx. 2 mg
dry weight) and many RBT stomachs had hundreds of chironomid (Diptera) larvae.

Most of the other taxa consumed by RBT in this study were more or less similarly digestible to RBT
depending on if they were soft bodied as larvae or adults (more digestdte)mayflies, dragonflies,
worms, etc.), hard bodied larvae or adults (less digest{lelg). scuds, beetles, ettheir availability as

adults when emerged (low to moderate capture rates), (e.g. dragonflies, mayflies, caddisflies, etc.) or if
they were cyptic or in habitats mostly unavailable to RBT (low capture rgeeg)worms). All of these

Rufus Woods Lak&lorphometrics, Initial Food Web and Rainbow Trout Fishery Studies 95



taxa require less energy to capture and handle than do crayfish and fish. Their proportion of RBT diets
should more or less be related to their relative abunds)@vailability, capture rates, and handling
times; all of which are supported by the stomach sample data.

Terrestrial invertebrate Prey

Consumption of terrestrial food items trapped on the water surface can be an energy efficient strategy
particularly ifwater velocities are minimal (less RBT respiration) and enough individual food items are
available (optimal forage). Surface feeding by RBT on terrestrial invertebrates occurred throughout the
study, even in early winter (December 201Bgures 67 and 8 andmany relatively large sized (> 40

cm) RBT consumed terrestrial insed®enerally RBT begin feeding on fish in lakes at about 15 cm

length and in rivers at about 27 cm and they become predominargbjmairous at about 31 cm (Keely

and Grant 2001)Reasons for larger RBT in RWL feeding on terrestrials and not mostly fish or crayfish
are unclear.

Competition between RBT and Walleye and Northern Pike Minnows (NPM)

We summarized stomach content data from 28 walleye stomachs. Diets between waltbiRBa were

similar if measured by the abundances of individual organisms ingt@irachs (Figure2and @,

respectively. Proportionally, walleye had substantially more pelagic crustaceans than did RBT in their
diets but the other taxa consumed weaémost identical between walleye aiRBT (Figures 72 and)69
However, 36% of the walleye stomachs contained fish as compared with 8% of the RBT stomachs (one
walleye had 6 crayfish in its stomach). This is understandable because walleye are knowrote be
piscivorous than RBT at an earlier size class. These results suggest that competition between large RBT
and large walleye may occur, particularly for crayfish and fish. However, walleye and RBT have different
temperature preference ranges and walieglistribution seems to be limited to a few kms between
{Sri2yQa DNRO®S FyR (KS O2yFtdzsSyO0S gAlGK GKS bSaLXSt
RBT and the primary piscivore on salmonids in Lake Roosevelt (Baldwin and Polecek 2002) and most
certainly are ake to prey on small RBT in RWL.

Walleye stomach contents by abundance
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[ Dpiptera

[ mites

[ Fish

[ Benthic crustaceans

[ Crayfish

O Mayflies

[ other
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Figure72. Abundances of food items in walleye stomlas (N = 28 stomachs examined).

Northern pike minnow (NPM) diets were more similar to RBT than teeywe(Figures 8, 72 and 7Bbut

only 15 NPM stomachs were examined and only in August 2011. Most of the food items found in RBT
and walleye diets were also found in NPM but at different percentages. It appears that all three species
RBT, walleye, andmM\ diets overlap to some extent which can have strong management implications.
Of course, all three taxa can also be prey items for each other at smaller size classes, although Baldwin
and Polecek (2002) did not find any RBT in NPM diets in Lake Roasé&@88 and 1999.

NPM stomach contents by abundance

[ Diptera

[ snails

[ Pelagic crustaceans
[l caddisflies

[l worms

[l Crayfish

[ Fish

Figure73. Abundances of organisms in northern pike minnow stomachs (N = 15 stomachs examined)

Competition between crayfish and RBT for shails

We discussed at length the potentialbrge negative impacts that the newly arrived invasive crayfish,
Orconectesp. (Family Cambaridae) may have on the RWL food web and ecosystem functioning,
including their fondness for mollusksege SuctioDredgeStudie3. We suggest that there is aldy

direct competition between crayfish and RBT for mollusk prey items in RWL and that if invasive crayfish
increase in abundance, so too will competition.
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EASy Rainbow Troukrowth Estimation

We have developed a bioenergetics model of rainbow tr@mcorhynchus mykis# order to address
the question of the likely fate of trout raised in local fish farms and then released into Rufus Woods
Lake. Specifically, the model should help answer questions:

1) What are the metabolic needs of the releasedhfts different ages or sizes?

2) Can these metabolic needs be met by food supplies in the Lake over the annual cycle? Will the fish
grow, and if so at what rate? Or will the fish only be able to meet basal metabolism needs?

3) Is there an optima&ge or size for released fish, and if so what is it?

While our model provides answers to the first question, we do not have sufficient information to answer
guestions 2 and 3. Question 2 not only requires information from theshiergetic model but also
information of food availability, food preferences by the fish, prey digestability of individual food items,
prey energy densities, and optimal foraging equations, which have been difficult to obtaimever,

we have made preliminary estimates of prayeegy densities and generalizations of the other

unknowns in RWL (see Suction dredge and Stomach Analysis sedaas)ion 3 requires a complete
description of the physiological ecology of the fish; this inclug®nlyinformation on metabolic and
growth rates, but also food availability, and estimates of losses due to predation.

Our model ofRBTmetabolism is based upon the metabolic routine found in AquaModel,
softwarethat simulates the operations and environmental impact of fish fariisis

metabolic growth routine is outlined below and a more detailed mathematical description
found inAppendix 12 This routine has been successfully applied to the growth and metabolic
rates of Atlantic salmonSalmo salgy, Cobia(Rachycentron canadumStriped Bss(Morone

saxatilig, and Moi Polydactylus sexfilis In order to obtain the coefficients required to model

the metabolism ofOncorhynchusnykiss, we tuned the model to measurements of growth rates of
fish in the fish farms of RWL, incorporated infotiaa on fish morphometric and growth into the Van
Bertlanaffi equation, and assumed values for swimming and basal respirat@mciorhynchusvere

similar to those foiSalmo

The general features of our model are illustrated in the graphs below. Figstgows the fit between
the average measured weights of fish that were introduced into the RWL trout farm and the weights
predicted by the tuned model. The fish were introduced to RWL on julian day 152 (early June), and
measurements concluded 482 days latdhe model predictions are good with the exception that the
growth rate of the fish during the fall appears to be too high
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Figure74. Average weight of fish in RWL farm. Dots are measured weights andiditiee weights
predicted by the model.

At this point, the changes in fish weight predicted by the model are causes solely by water temperature.
Feeding rate, current velocity, and oxygen concentrations are all assumed to be sufficient for maximal
growthrates. The annual water temperatures range between 3 to 19 degrees centigrade.

It is possible to vary the food ration within this model e is to apply such a model as shown below.

Figure75shows the maximum specific growth rates@ficorhynchuss afunction of fish weight. The
units of specific growth rate are 1/dain other words the daily fractional change in body mass (e.g.
daily increase in body mass divided by body mass). We note that the maximum daily specific growth
rate a fish weighing 10rgms is greater than 8% while an older fish weighig3s less than 0.5%.

MaxSpecificGrowthRatéd, day

0.08F

0.0} Figure75. The daily maximum

specific growth rate of fish of a
given weight predicted by the
model.

0.04"

0.02

I I I I I I We |g ht g
500 100C 150C 200C 250C 300C

Figure76 shows the dependence of specific gith upon water temperature. Specifically, the figure

shows the predicted growth rate of 500 gram fish that is growing in water temperatures between 0 and
20 degrees centigrade. Feed rate, oxygen, and current speed are assumed to be optimal. We note that
under such conditions the maximum growth rate@hcorhynchuss 0.17/day at a temperature of 17
degrees centigrade. We also note that growth stops below 3 degrees.
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Theplotsin Figure 7&how the seasonal minimum daily carbon demand of a fiahweigh 500 g and

1500 grespectively. Here we define minimum daily carbon demand is the grams of carbon in food that
meets the catabolic needs of amdividual fish under ambient conditions defined by water temperature,
current geed, and oxygen concentratioif the supply of food carbon falls below the minimum

demand the fish will lose weight, and if the supply of food carbon exceeds the minimuonandiethe

fish will gain weight. The upper limit of a daily gain in weight is determined by the maximum specific
growth rate as shown in figurg6. In these two figures the minimum carbon demand is plotted for one
year after the fish is released on Juliday 152 (i.eduring the first week of June The minimum daily

carbon demand can converted into the minimum daily caloric demand (kcalories/day) by multiplying the
carbon demand by 10. This calculation is key to addressing questions 1 through 3 above.

Weight 5009 Weight 15009

CarbonDemandg day CarbonDemandg day

2.0}
4l

1.5 3l

1.0} 2L

0.5+ 1[

JulianDay After Releas JulianDay After Releas

260 ZéC 360 350 46C 45(1 560 260 ZéO 36C SéC 460 450 56C
Figure77. The daily minimum carbon food demand of a fish released in early June at a weight of 500
grams (left) and 1500 grams (right). The plots show the needed assimilation of carbon food each day

(grams carbon/day) to kep the fish alive for 1 year &ér its release from a farm.
Outline of Model Structure

The model used in these calculatiaedased upon an extensive review of the literature describing the
ANRPGOK YR YSiOloz2ftAay 27F 02 XynSockeyelsdimoa inJeférangesd). 6 So3I @
This information has been supplemented by our own unpublished laboratory experiments and has been
incorporated into a series of equations that track the transformations of oxygen, carbon, and nitrogen.
(SeeRese,KiF SNE YR hQ. NASY h@ndaXSySyaStyaSt FHyR>IYABLABT
background.)The routine includes a simple formulation of oxydenited metabolism an important
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feature since fish are raised at high densities, and in some casdarfishare found in ambient waters
of moderate or low dissolved oxygen concentration.
As indicated ifHgure 78, the routine includes the processes of ingestion, egestion, assimilation,
respiration, excretion, and growth. Carbon, nitrogen, and oxygeedlaxe all computed, and of course
the rates of these fluxes vary with operational and environmental conditions. The operational
independent variables are listed above while the environmental variables that determine metabolism
are:
1 Water temperature
1 Ambient oxygen concentration which is one of the determinants of the concentration of
oxygen with a cage
1 Ambient current velocity, which is another determinant of oxygen concentration within the
cage as well as a determinant of the respiration rate requireth@fish to swim at a speed in
order maintain their position within the cage.

R st Growth =
espiration” 4 csimilation - Respiration

- basal A ;

- growth Ingestion

/ -Swimming W Acsimilation = 4

- Sexual maturation
Ingestion x 0.75

Figure78. Metabolic processes described by our metabolic routine for fish metabolisBagkground
drawing by Duane Raver, USFWS

The rainbowtrout routine consists of a series of functions describing the fluxes of carbon, nitrogen, and
oxygen as determined by the basic features of metabolisgestion, egestion, assimilation, respiration,
and growth. Specifically, each element is trackedadiag to these 5 basic features, which are related

to each other by conservation of mass:

ingestion rate = egestion rate + assimilation rate
rate of growth = assimilation raterate of respiration
respiration rate = resting rate of respiration (i.e. BBst+ respiration rate of activity (i.e.
swimming) + respiration rate of anabolic activity (i.e. growth)
4. rate of feces production = egestion rate
5. rate of loss of uneaten feed = feed ragéngestion rate

The functions for the 5 basic metabolic processeslmasummarized as follows. Ingestion rate is
determined by both the rate of supply of food and rate at which the fish can assimilate ingested food
(Equation 1). If the rate of supply of food exceeds the sum of the rate of egestion and the rate of
assimiation, then a fraction of the food will be uneaten and contribute to the particulate waste
produced by the cage (Equation 5). As indicated in Figfgjregestion is assumed to be a fixed fraction

of ingestion; the value of this fraction is determinedglely by the nutrient composition of the feed. The
rate of egestion is in fact the rate of feces production (Equation 4). The assimilation rate of the fish will
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be a function of the size (age) of the fish, the temperature of the water, and the concemt@toxygen
within the cage. The assimilated nutrients are then either consumed by respiration or contribute to the
growth of the fish (Equation 2\We assume that there are no reproductive demands within the cage.)
The rates of respiration, which ilucle both the consumption of oxygen and excretion of nitrogen, are
determined by three processes, basal metabolism, swimming metabolism, and anabolic metabolism
demanded by growth (Equation 3). Basal metabolism is a function of water temperature arizettod s

the fish, swimming metabolism is a function of the fish size and its swimming speed, and anabolic
metabolism ioroportional to growth rate. The growth rate of the fish is simply calculated by

subtracting the rate of respiration from the rate ofsamilation. The key equations of the routine are
described in detail il\ppendix 12.

Information on rainbow troutOnchorynchus mykissetabolism that we used to determine the values
for coefficients found in the system of equations came from a numbeoofces including publications

of growth and metabolism in the laboratory and field and FishBase, which distributes data over the
Internet on morphometrics, respiration rates, and growth rate. Data from these sources were used to
tune the equations of th metabolism by searching for coefficient values that provided the best fit to
the data.
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Appendices

Appendix1l. NMS ordination values for the three site axes used in our periphyton study.

Site Axis1l Axis2 Axis3

Al0a -0.55428 0.60631 -0.01319
Al10c -0.11019 0.76527 -0.1465
Al0e 0.02784 1.00701 -0.20653
A10f -0.2781 0.38425 -0.00131
Al0g -0.88266 0.10467 -0.06711
S10a 0.21634 0.18114 0.39225
S10b 0.02517 0.25793 1.02722
S10c -0.06287 1.06089 0.22082
Si0d -0.12198 0.16486 1.01912
Al10b 0.06109 -0.23281 0.27189
Al0d -0.57989 -0.03393 0.11413
S10e 0.68559 -0.1¥94 0.17643
O10a 0.53208 0.3974 -0.02974
O10b 0.07744 0.33986 0.08257
O10c 0.26724 0.19488 -0.18374
o1od 0.16733 0.07803 -0.31665
O10e 0.45627 0.35679 -0.45563
o1o0f 0.60698 0.40352 0.25012
010g 0.73055 0.55988 0.46737
O10h 0.34234 0.01691 -0.55269
O10i 0.38905 0.08973 -0.49678
010j 0.72312 -0.01684 0.12864
010k 0.15154 -0.06141 -0.07815
o1l 0.13475 0.08803 -0.58433
O10m  0.34605 -0.40553 -0.94648
0O10n 0.91454 -0.78907 -0.27979
0100 0.37899 -0.56671 0.26675
O10p 0.64593 -0.23626 -0.06597
o1 1.07628 -1.37822 0.45536
O10r 0.36387 -0.36963 -0.11945
Oals 0.92546 -0.85152 0.17565
Jlla -1.81925 -0.52098 0.23229
J11b -1.67942 -0.44736 0.05797
Jlic -1.91401 -0.48225 0.02343
Jiid -0.75402 -0.10532 -0.88762
Jlle -1.49047 -0.36459 0.06962
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Appendix 2. NMS ordination values for the three taxa axes used in the periphyton study.

Achnanth 0.43799 0.01038 0.1573
Achnath -1.42739 -0.33599 -0.13355
Ankistro 0.0968 -0.17972 0.23271
Asterion -0.8013 0.15049 0.42
Aulacose -0.26436 0.29983 0.26823
Chlorell -0.01269 0.23505 0.80895
Chloroco 0.05021 0.45303 0.56621
Chroococ 0.23117 -0.03913 0.52273
Cladopho 0.47841 -0.11188 0.06937
Cocconei 0.47089 -0.23102 -0.25668
Coelastr -0.00457 0.35072 0.33329
Coleocha 0.57922 -0.54017 0.04743
Cryptomo -0.0179 0.16042 0.5694
Cyclotel 0.23976 0.09397 -0.1861
Cymbella 0.01403 0.4321 0.01133
Diatoma -1.30735 -0.2876 -0.20027
Epithemi -0.04044 0.34186 0.161
Fragilar -0.94762 -0.15871 0.02491
Gomphone0.67465 -0.62922 0.10296
Komma -0.04502 0.16355 0.94962
Lyngbya -0.20834 0.71552 -0.1299
Melosira -0.23337 0.05857 -0.21521
Mougeoti -0.05293 0.32506 0.22023
Navicula 0.22713 0.2905 -0.1465
Nitzschi 0.23162 0.09435 -0.15971
Oedogoni -1.71547 -0.44597 0.05066
Oocystis -0.00325 0.4972 0.63424
Oscilat  -0.0532 0.42117 -0.06663
Pediastr -0.35475 0.03797 0.28731
Phormidi -0.12459 0.39546 0.06905
Pinnular 0.3707 0.06509 -0.27433
Pyrenomo-0.04748 0.27729 0.79379
Rhoicosp 0.54121 -0.31452 -0.00221
Scenedes 0.18391 -0.28758 0.3049
Schroede 0.30497 0.25655 0.28455
Spirogyr 0.51727 0.34409 0.20266
Staurosi  -1.14082 -0.25189 -0.47561
Synedra -0.41849 0.13307 -0.09608
Tabellar -0.87599 -0.23831 0.2098
Ulothrix  0.03164 0.38007 -0.03695
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Appendix 3. Axis 1 and Axis 3 of NMS ordination of periphysmsemblages using all samples
collected RWL, sampled in August, September, October 2010 and July 2011. Samples labels have two
code values: A10 = August 2010, S10 = September 2010, O10 = October 2010, and J11 = July 2011,

lower case letters following thenonth label are sample and site locations. See Table 1 for
descriptions of samples.
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Appendix 4. Axis 1 and Axis 3 of NMS ordination of periphyton assemblages using all data. Diatoms

are in brown, soft bodied algae ana green.
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Appendix 5. GLM ANOVA examining effect of site location on chloroghgihg/m?) at 3 m depth

DF| SeqSS | AdjSS [AdjMS[F | P
3m |6 |2515.71| 2515.71| 419.29 | 5.36 | 0.02
Error| 7 | 547.69 | 547.69 | 78.24
Total | 13 | 3063.40

Appendix 6. GLM ANOVA examining affects of site location and depth on chloroghyith sites D
and E removed.

DF| Seq SY Adj S§ Adj MS| F P
Site 4 1061 |074 |0.19 2.58| 0.07
Depth| 2 | 1.29 1.29 | 0.65 8.95| 0.002
Error | 19| 1.37 1.37 | 0.07
Total | 25| 3.28

Appendix 7. NMS ordination values for the three axes by site in suction dredge study.

1

2

3

OctAl

-0.

17897| 0.10125

-0.63758

OctA2

0.42041

0.93955

-0.43737

OctA3

-0.

93246| -0.26897

-0.36097

OctA4

-0.

9802 | 0.35965

0.1576

OctA5

-1.

8458 | 1.14101

-0.84168

OctA6

-0.

96115| -0.85715

-0.60468

OctA7

-1.

87211| -0.52899

-0.40611

OctA8

-0.

53578| 1.14043

-0.24995

OctB1

0.33551

-0.75815

-0.06314

OctB2

-0.

07721| -0.20351

-0.27821

OctB3

0.19975

0.42617

0.0371

OctB4

0.35326

-1.41746

0.06612

OctC1

0.42763

0.18453

-0.22438

OctC2

0.48738

0.04277

-0.28326

OctC3

0.91073

0.44457

0.19864

OctC4

0.21748

-0.06965

-0.48328

AprAl

-0.

01456| 0.50116

0.47844

AprA2

-0.

2902 | 0.2122

0.58087

AprA3

-0.

2225 | 0.41544

0.54551

AprA4

-0.

17047| 0.0971

0.2713

AprAS5

-0.

15447)| 0.57975

0.39853

JulAl

-0.

89716| -0.38203

0.69194

JulA2

-0.

11469| -0.2935

0.8851

JulA3

-0.

3295 | -0.4925

0.71459

JulAd

0.19697

0.59596

0.51634

JulA5

-1.

70264 | -0.96877

0.188

JulB1

-0.

07405| -0.03293

0.29033

JulB2

0.15175

0.24368

0.14447
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JulB3 | 0.31885 | 0.38477 | 0.14507

JulB4 | 0.28447 | 0.44046 | 0.30281

JulB5 | 0.22788 | 0.08035 | 0.10878

JulD1 | 0.82705 | -0.38471| -0.36581

JulD2 | 0.81129 | -0.25442| -0.52043

JulD3 | 0.66944 | -0.29746| -0.16585

JulD4 | 0.74744 | -0.57129| 0.18185

JulD5 | 0.89508 | -0.26591| -0.78628

JulE1 | 0.82669 | 0.02232 | -0.20188

JUulE2 | 0.79724 | -0.09418| -0.05738

JUulE3 | 0.88374 | -0.05567| 0.00348

JulE4 | 0.3639 | -0.15586| 0.06133

Appendix 8. NMS ordination values for all three axes by taxon in suction dredge study.

Ephemeroptera 0.30826 | 0.01047 | -0.35239

Odonata 0.73385 | -0.39048 | -0.24178

Hemiptera 0.11844 | -1.16261 | 0.03956

Coleoptera 0.47357 | -0.93629 | 0.0618

Diptera 0.10452 | 0.02777 | 0.01591
Trichoptera 0.29689 | -0.25251 | -0.11352
Gastropoda 0.43897 | -0.07396 | -0.15114

Bivalvia 0.25905 | 0.12651 | -0.08068
Annelida 0.1065 0.08404 | 0.03791

Acari 0.27463 | 0.15329 | 0.18539

small crayfish | 0.21596 | -0.07813 | 0.00169

Crayfish -0.39924 | -0.48642 | 0.28042

Other 0.24827 | 0.01618 | 0.16

Appendix 9. Total abundances of organisms found in RBT stomachs (N = 326 RBT stomachs examined)

Ephemeroptera Beetis tricaudatus 3
Caenidae 1
Ephemeroptera 275
Odonata Coenagrionidae 21
Libellulidae 0
Libellulidae/Corduliidae 1
Odonata 13
Plecoptera Plecoptera 20
Hemiptera Aphididae 13
Cicadellidae 2
Coreidae 0
Corixidae 100
Hemiptera 471
Notonectidae 0
Reduviidae 2
Coleoptera Anthicidae 3
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Carabidae
Chrysomelidae
Coleoptera
Curculionidae
Dytiscidae
Gyrinidae
Haliplidae
Scarabaeidae
Staphylinidae
Tenebrionidae

HOOI\)U'II\)I\)H'CADI—‘T\J

N
-~

Diptera:

Chironomidae Chironomidae

Diptera Acalyptratae
Ceratopogonidae
Chloropidae
Diptera 8288
Tipula sp.

Trichoptera Hydroptilidae
Lepidostomatidae
Leptoceridae
Limnephilidae
Phryganeidae 40
Trichoptera 155

Lepidoptera Lepidoptera 216
Megaloptera
Sialidae

Other Insecta Apidae
Apoidea
Archaeognatha
Arthropoda
Chrysididae

OPFr OpR
gl
N
N

N

WWEN

PR RPDMDOR

Appendix 10. Total abundances of organisms found in walleye stomachs (N = 28 stomachs examined)

Ephemeroptera Baetis tricaudatus 0
Caenidae 3
Ephemeoptera 0
Odonata Coenagrionidae 1
Libellulidae 3
Libellulidae/Corduliidae 0
Odonata 0
Plecoptera Plecoptera 0
Hemiptera Aphididae 0
Cicadellidae 0
Coreidae 1
Corixidae 9
Hemiptera 0
Notonectidae 4
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Coleoptera

Diptera:
Chironomidae
Diptera

Trichoptera

Lepidoptera

Other Irsecta

Gastropoda
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Reduviidae
Anthicidae
Carabidae
Chrysomelidae
Coleoptera
Curculionidae
Dytiscidae
Gyrinidae
Haliplidae
Scarabaeidae
Staphylinidae
Tenebrionidae

Chironomidae
Acalyptratae
Ceaatopogonidae
Chloropidae
Diptera

Tipula sp.
Hydroptilidae
Lepidostomatidae
Leptoceridae
Limnephilidae
Phryganeidae
Trichoptera
Lepidoptera
Megaloptera
Sialidae
Apidae
Apoidea
Archaeognatha
Arthropoda
Chrysididae
Dermaptera
Formicidae
Hymenoptera
Ichneumonidae
Insecta
Isoptera
Neoptera
Orthoptera
Raphidiidae
Raphidioptera
Gastropoda
Gyraulus sp.
Lymnaeidae
Physa sp.
Physidae
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Planorbidae
Valvatidae
Bivalvia Bivalvia
Sphaeriidae
Veneroida
Annelida Glossiphoniidae
Oligochaeta
Rhynchobdellida
Acari Acari
Arrenuridae
Hydrachnidae
Hydrodromidae
Lebertiidae
Limnesiidae
Pionidae
Unionicolidae
Crustacea Amphipoda
Asellidae
Astacidae
Astacidea
Astacoidea
Caecidotea sp.
Calanoida
Cambaridae
Cladocera
Copepoda
Crangonyctidae
Cyclopidae
Daphniidae
Decapoda
Diplostraca
Gammaridae
Hyalella sp.
Isopoda
Leptodoridae
Ostracoda
Other Organisms Arachnida
Araneae
Diplopoda
Nemabda
Salticidae
Turbellaria
Ichthyoplankton Acanthopterygii
Actinopterygii
Cypriniformes
Gasterosteidae
Gasterosteiformes
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©
SN

Total ,428
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Appendix 11. Total abundances of organisms found in northern pike minnow stdmgdl = 15
stomachs examined)

Ephemeroptera

Odonata

Plecoptera
Hemiptera

Coleoptera

Diptera-
Chironomidae
Diptera

Trichoptera

Lepidoptera

Other Insecta
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Baetis tricaudatus
Caenidae
Ephemeroptera
Coenagrionidae
Libellulidae

Libellulidae/Corduliidae

Odonata
Plecoptera
Aphididae
Cicadellidae
Coreidae
Corixidae
Hemiptera
Notonectidae
Reduviidae
Anthicidae
Carabidae
Chrysomelidae
Coleoptera
Curculionidae
Dytiscidae
Gyrinidae
Haliplidae
Scarabaeidae
Staphylinidae
Tenebrionidae

Chironomidae
Acalyptratae
Ceratopogonidae
Chloropidae
Diptera

Tipula sp.
Hydroptilidae
Lepidostomatidae
Leptoceridae
Limnephilidae
Phryganeidae
Trichoptera
Lepidgtera
Megaloptera
Sialidae

Apidae

Apoidea
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Gastropoda

Bivalvia

Annelida

Acari

Crustacea
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Archaeognatha
Arthropoda
Chrysididae
Dermaptera
Formicidae
Hymenoptera
Ichneumonidae
Insecta
Isoptera
Neoptera
Orthoptera
Raphidiidae
Raphidioptera
Gastropoda
Gyraulus sp.
Lymnaeidae
Physa sp.
Physidae
Planorbidae
Valvatidae
Bivalvia
Sphaeriidae
Veneroida
Glossiphoniidae
Oligochaeta
Rhynchobdellida
Acari
Arrenuridae
Hydrachnidae
Hydrodromidae
Lebertiidae
Limnesiidae
Pionidae
Unionicolidae
Amphipoda
Asellidae
Astacidae
Astacidea
Astacoidea
Caecidotea sp.
Calanoida
Cambaridae
Cladeera
Copepoda
Crangonyctidae
Cyclopidae
Daphniidae
Decapoda
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Other Organisms

Ichthyoplankton
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Diplostraca
Gammaridae
Hyalella sp.
Isopoda
Leptodoridae
Ostracoda
Arachnida
Araneae
Diplopoda
Nematoda
Salticidae
Turbellaria
Acanthopterygii
Actinopterygii
Cypriniformes
Gasterosteidae
Gasterosteiformes
TOTAL
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Appendix 12. Key governing equations in the EASy rainbow trout growth model.

SPECIFIC GROWTH RATE FUNCTIONS
1. SpecificGrowth =
Min[WeightLimSpecificGrowth[Weight], EnvircnmentalSpecificGrowth[Temperature, Oxygen, CurrentSpeed, FeedRate, Weight]]

2. EnvironmentalSpecificGrowth =
1

(SpecificAssim[Temperature, Oxygen, FeedRate, Weight] - SpecificCatabolicResp [Temperature, CurrentSpeed, Weight])
1 + SpecificAnabolicResp

WeightLimSpecificGrowth[Weight]
3. WeightTempLimSpecificGrowth =

1 + Exp[SlopeTempLim x (KTempLim - Temperature) ]

Lmax-Lmin

Log [ - 1
Weight LengthWeightExpo
~tmax ( porri ehtsoaTaT )

4. WeightAge =
k

5. WeightLim8pecificGrowth =

e Veighthge[Wiaight] k y 1 engthieightExpo LengthWeightSealar (Lmax - e VeiohthgeWeightl k (1yay _ pmyp) ) 1 1engthieiah®™® e (1may - Imin)

Weight

SPECIFIC ASSIMILATION RATE FUNCTIONS
6. SpecificAssim = Min[FeedLimSpecificAssim[FeedRate], OxygenLimSpecificAssim[Oxygen, Weight] , TempLimSpecificAssim[Temperature, Weight]]

7. FeedLimSpecificAssim = FeedRate x AssimilationEfficiency

8. TempLimSpecificAssim = If [Temperature > OptimalTemperature, MaximumSpecificDemand [OptimalTemperature, Weight],

MaximumSpecificDemand [Temperature, Weight]]

1

9. OxygenLimSpecificAssim * MaximumSpecificDemand [CptimalTemperature, Weight]

1 + Exp[SlopeOxygenlim # (KOxygenLim - Oxygen) ]

10. MaximumSpecificDemand = SpecificCatabolicResp[Temperature, VBodyLimitToMaxGrowth, Weight] +
SpecificAnabolicDemand [WeightTempLimSpecificGrowth [Temperature, Weight]]
SPECIFIC RESPIRATION FUNCTIONS
11. SpecificCatabolicResp = SpecificSwimResp [VBody [SwimSpeed [CurrentSpeed], Weight]] + SpecificBasalResp[Temperature, Weight]

12 . SpecificSwimResp = HrToDay * CarbonToOxygen x SwimResp [VBody] / (CarbonToWet x KgToGram x GramToMGram)

13. SwimResp = SwimScalar % VBody " iE%E?

14. VBedy = SwimSpeed / Length[Weight]
15. SwimSpeed = CageFlowFraction x CurrentSpeed

1

Weight TengthWelghtExpo

16. Length s —7m™@™ M8
LengthWeightScalar

17. SpecificBasalResp = BasalScalar % Exp [BasalTempExpo + (Temperature - BasalTempNominal) ] * WeightBasalieightBxpo

18. SpecificAnabolicResp = SpecificAnabolicResp % SpecificGrowth
SPECIFIC DEMAND FUNCTIONS

1

PR Weight TenothwelohiEsss

VBodyLimitToMaxGrowth | — 92t | lengthweightExpo
LengthWeightScalar

19. CurrentSpeedAtVBodyLimitToMaxGrowth =

CageFlowFraction

20. SpecificAnabolicDemand = SpecificGrowth* (1 + SpecificAnabolicResp)

21. SpecificDemand = SpecificCatabolicResp + SpecificAnabolicDemand
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Photo Appendix

Female BT apparently killed by gas bubble disease (nhote bubbles in operculum) collected near China
Bar area on June 2011. This fish was full of ripe eggs.
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Large invasive European carp hand netted in tributary (River mile 576, river left). There were perhaps
hundreds of carp of this size spawning at the time of capture. These fish would be relatively easy to net
and remove from the system.
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Lake Roosevelt and Rufus Woods Lake looking south with Grand Coulee Dam spilling water over the top.
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Winter rairbow trout catch from Rufus Woods Lake.

Pacific Aquaculture Inc. Site 1 cages and shore side support facility. Photo courtesy of John Bielka.
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