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INTRODUCTION

Freshwater mollusks of the Unionacea are common constituents of the benthic macroinvertebrate
assemblage in North American streams, rivers, and some lakes (Negus 1966, Kryger and
Riisgard 1988, Strayer et al. 1994). North America is also home to the greatest biodiversity of
freshwater mussels in the world (Baker 1928, Ortmann 1911, Banarescu 1990). Unfortunately,
more than 100 species of freshwater mussels are currently at risk of extinction in the U. S
(Williams et al. 1993). Not only are we losing biodiversity, the abundance of most species of
freshwater mussels is also declining at an alarming rate. Reduced water quality, lost and altered
habitat, and introduced species appear to be primary agents impacting freshwater mussel
populations (Chaffee 1993, Bogan 1993). Because of their unusual life history traits, freshwater
mussels (unionids) do not recover rapidly once populations have been depleted (McMahon
1991).

For these reasons, there is growing interest in the conservation and recovery of freshwater
mussels (e.g., 1998 formation of the Freshwater Mollusk Conservation Society with membership
>300). Despite the elevated interest in these animals and efforts to protect their biodiversity, we
still have a very limited understanding of the roles of populations of freshwater mussels in the
functional ecology of rivers and streams. It is becoming increasingly clear, however, that where
still abundant, freshwater mussels can serve as “ecosystem engineers” in the same way as their
marine counterparts such as oysters. Like reefs of oysters, beds of freshwater mussels may
regulate key trophic and biogeochemical processes, improve water quality, enhance habitat for
fish and other organisms, and more.

Freshwater mussels can grow to large sizes (>1-10 g dry tissue mass per animal), and where they
are present, beds can range achieve densities of up to 70 mussels m™~ (Negus 1966, Duncan &
Thiel 1983, Holland Bartels 1990, Miller & Payne 1993, Strayer et al. 1994; Kreeger 2004).
Clarke (1973) reported beds of over 100 mussels m™ in a number of rivers in Canada, and Hardy
(1991) reported mussels >100 m in undisturbed locales in the St. Croix River in Minnesota.
Thus, a typical bed may contain at least 100 g dry weight m™, representing a much higher
biomass than that of other aquatic fauna living in river and stream habitats (Strayer et al. 1994).
In a recent comparison of some dominant bivalves in the Delaware Estuary watershed of the
mid-Atlantic, Kreeger (2007) estimated that the combined population biomass of the common
freshwater mussel, Elliptio complanata, living in the watershed was comparable to that of
oysters, Crassostrea virginica, living throughout Delaware Bay, and they also have similar
clearance rates per unit body mass during summer. The population-level ecosystem services of
oysters are widely reputed, so much so that oyster restoration is considered a key to the overall
ecosystem improvement of the Chesapeake Bay.

SUSPENSION-FEEDING ANIMALS AND SESTON

One of the reasons why suspension-feeding bivalves often dominate as a functional guild in
aquatic ecosystems is because of their physiological ecology, feeding mode, and lifestyle. By
feeding at the base of the food chain on a rich soup of microparticulate material, they can exploit
resources that are comparatively more abundant or productive than macroscopic foods.
Suspended microparticulate material (hereafter referred to as “seston’) can represent one of the
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largest pools of organic matter in aquatic habitats, and its quantity and quality are widely
regarded as a key component of water quality (e.g., TSS in stormwater runoftf and erosion, algae
blooms associated with eutrophication). Seston also represents a base-of-food-web resource in
virtually all aquatic systems where myriad forms of invertebrate and vertebrate consumers have
evolved a fanciful array of suspension-feeding (a.k.a., “filter-feeding”) approaches to capture
small particles for meeting dietary needs. Seston includes inorganic material such as fine
sediments, non-living organic aggregrates, non-living detrital particles, and an assortment of live
microbial organisms such as microalgae, bacteria and heterotrophic protests (e.g., Kreeger and
Newell 2000). Since seston comprises the diet of so many of the functionally dominant
consumers in aquatic habitats, the quantity and quality of seston can govern rates of secondary
production by animals that capitalize on this rich soup of material.

Because the population biomass of suspension-feeding animals is often high and their secondary
production is usually tightly coupled to seston quantity and quality, it is no surprise that these
animals often serve as function dominants in aquatic systems (Dame 1996). Where abundant,
even subtle shifts in population biomass or weight-specific rates of material processing can have
important repercussions at the ecosystem level where their population-level processing of seston
and ther pools of organic matter can control biogeochemistry and affect physical processes such
as water clarity, benthic organic enrichment, and food availability for other organisms.

Freshwater bivalves feed just like other suspension-feeding bivalves. They satisty their
nutritional demands by pumping large amounts of water over inflated gills where microscopic
particles are removed en masse by mucociliary mechanisms. Hence, a dense population of
freshwater mussels can process a large amount of microparticulate material during suspension
feeding (e.g., typically 1 L per h per g dry tissue weight), and suspension feeding might therefore
represent an important "filtering" mechanism for limiting algal blooms, maintaining water clarity
for benthic producers, etc.

FUNCTIONAL IMPORTANCE OF FRESHWATER MUSSELS

The fate of material cleared by mussels is also likely to be ecologically meaningful. A portion of
the material consumed is assimilated for maintenance and growth, but usually a greater portion is
quickly returned to the environment as excreted DOM, feces, and pseudofeces.

Depending on the chemical form, excreted DOM can be bioavailable to microalgae and
microheterotrophs. If ingested material is not used for production, catabolized, or converted to
dissolved compounds, then it gets transformed physically into forms that precipitate to the
bottom (feces and pseudofeces). This repackaging of microparticulate matter in the water
column as macroparticulate matter on the benthos (biodeposits) might enrich the sediment
organic content for other benthic organisms or facilitate burial of excess nutrients in eutrophic
streams. The degree to which mussels transform suspended microparticulate matter into either
mussel tissue, DOM, or course biodeposit matter on the bottom, will therefore be important
organic matter processing controls in any aquatic community where suspension-feeding bivalves
are abundant.

The pelagic-benthic coupling by suspension feeding bivalves is increasingly cited in the marine
literature as a key functional process that helps transform "pelagic" food webs into "benthic"
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food webs (Newell 1988). For example, the loss of extensive oyster populations from
Chesapeake Bay is considered one of the two main reasons that the bay ecosystem has shifted
from a clear water system dominated by benthic biota (e.g., seagrass, benthic algae, oysters,
sturgeon) to a turbid system dominated by pelagic biota (phytoplankton, zooplankton, jellyfish,
striped bass). A converse ecosystem transformation has occurred in the Lake Erie with the
introduction of zebra mussels (Dreissena polymorpha). Increased awareness of these ecological
relationships is now guiding policy in some coastal systems where the importance of bivalve
shellfish for ecosystem functioning is gaining traction. For example, in Chesapeake Bay there is
growing support for introducing a non-native oyster species as a replacement for the disease-
prone native Virginia oyster, and the motivation for doing so includes both commercial and
ecological reasoning.

Although unionid mussels are believed to be primary agents in the functional ecology of
freshwater ecosystems, few researchers have examined whether unionids can perform similar
roles in lotic systems as demonstrated for zebra mussels or their marine counterparts. Drawing
on nearly 40 years of research in marine systems, we are beginning to develop a better
understanding of the role that freshwater mussels play in river and stream systems (e.g., Strayer
et al. 1994; Vaughn and Hakenkamp 2001; Vaughn et al. 2004; Kreeger 2005a, 2005b; Howard
and Cuffey 2006). Strayer et al. (1994) reported that the population of native freshwater mussels
in the freshwater tidal portion of the Hudson River filtered a volume of water equivalent to the
total volume of downstream flushing. Kreeger (2005) reported that a bed of mussels in a six-
mile reach of the Brandywine River of southeast PA is capable of filtering approximately 6% of
the total suspended solids in base flow conditions. Much of the material removed from
suspension is in turn biodeposited in feces, and so the actions of these animals also enrich the
sediments with organic matter (e.g., Howard & Cuffey 2006).

There is not much known about whether the functional importance varies among different
mussel species, or whether seasonal or basin-specific factors interact with species to affect their
ecological importance. Vaughn et al. (2001) reported that rates of respiration, algal clearance,
biodeposition and ammonia excretion by unionid populations are similar among species, and the
importance of these physiological rate functions for the system depended entirely on total mussel
biomass. Physiological rate functions do not scale linearly with body size (Christian et al. 2001);
the size structure of the mussel population is likely to be much more important than species
composition in determining material processing rates. Weight specific rates of processing are
also likely to vary with animal physiological condition and nutritional status as well as an array
of abiotic factors (e.g., temperature, flow rate, pH). Nevertheless, biomass (per reach length, or
per flow volume) is likely to be the principal determinant of whether unionids can significantly
influence system functionality.

In light of these relationships, it is important to quantify the ecological role that populations of
suspension-feeders play in rivers of the Columbia River Basin to better understand the complex
interrelationships among land and water use impacts, distributions of functional dominant
suspension-feeding organisms, and the ensuing effects on water quality and ecosystem functional
integrity.
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IMPORTANCE OF MUSSELS OF THE COLUMBIA BASIN

The potential functional importance of bivalve shellfish is just as relevant in the Columbia River
Basin Columbia of the Pacific Northwest as elsewhere in the United States and world, but there
has simply been less attention to these organisms in this area. In the Columbia Basin, freshwater
mussels certainly represent an important historic assemblage of benthic suspension-feeders,
seemingly having been abundant in the past throughout the region. Densities of more than 100
mussels m™ have been reported by members of the CTUIR research team in rivers of eastern
Oregon, for example. However, the current distribution and population abundance of these
animals appears to vary widely among different drainage basins in association with varying
levels of impairment. Of particular interest, the diversity, population abundance and range of
freshwater mussels in the Umatilla River appears to be greatly reduced (almost absent),
presumably due to a host of water quality and quantity issues, and habitat alterations, as
summarized elsewhere by the CTUIR research team.

In rivers of eastern Oregon, freshwater mussels represent perhaps the most important consumers
of seston for food. These “suspension-feeders” may become impaired by suboptimal seston
quantity and quality, and they may also become stressed by excessive amounts of TSS in the
water. But where seston quality is capable of satisfying the animals’ nutritional demands, the
wealth of this material that is typically found in aquatic systems usually sustains high consumer
biomass. Indeed, in eastern Oregon, like most aquatic ecosystems of the world, the biomass and
material processing rates of suspension-feeders can be very high relative to those of animals that
feed in other ways. Therefore, in rivers containing healthy populations of freshwater mussels,
much of the suspended matter is likely to be ensnared and transformed by these animals, and so
they can have important effects on water quality.

STUDY ORGANISMS

As part of the CTUIR mussel project, systematic surveys for freshwater mussels were conducted
in 2003 in rivers within the study area, which consisted of the mainstem of the Umatilla River,
the mainstem of the Middle Fork John Day River, and the lower two-thirds of the North Fork
John Day River in eastern Oregon. Three genera were found: Anodonta, Gonidea, and
Margaratifera. In the Umatilla River, only Anodonta sp. were encountered, and these were only
found in the lowest reaches of the river despite historical reports of mussels throughout much of
the system. In contrast, all three genera were inventoried in both the Middle Fork and North
Fork of the John Day River.

The species consisted of Margaratifera falcatus, Gonidea sp., and two morphological variants of
Anodonta sp. The two different forms of Anodonta were only encountered in the lower Umatilla
River (see Methods, Section 3). Until genetic analyses can be performed, it remains unclear if
these are two different species of Anodonta.

GOALS

The goal of this objective of the CTUIR freshwater mussel project was to quantify and compare
weight-specific processing rates and fates of suspended microparticulate matter consumed by
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freshwater mussels from different drainages in Oregon. Results from this work provide the
physiological basis for estimating the ecological relevance of freshwater mussel feeding in
representative rivers of the Columbia Basin. To do this, results from this study can be compared
to estimated historical and measured current population biomass for the representative species,
yielding mass balance estimates for population-level processing of seston in the study areas. The
specific objectives of this physiology component of the CTUIR Freshwater Mussel Project were
to quantify:

1) how much seston is filtered, per unit biomass and time, by representative
freshwater mussel species under simulated natural conditions in the laboratory;

2) weight-specific physiological rate functions (respiration, excretion, defecation,
absorption) by the mussels;

3) temporal (seasonal, inter-annual) and spatial (inter-basin; intra-basin) variation in
seston filtration and physiological rates;

4) interspecific variation in seston filtration and physiological rates;

These objectives were met by integrating the physiological measurements from this study with
previously collected data on temporal and spatial variation in seston availability and composition
(reported previously in the lamprey report, Kreeger 2006). Seston collections and analyses were
performed periodically from different areas where mussels were also collected for these
physiology experiments, as well as areas that historically sustained mussel populations but no
longer do (e.g. upstream on the Umatilla River). As noted above, in the future the data and
outcomes from this report can be compared to mussel population census data collected by other
members of the Freshwater Mussel Project to provide population-level estimates of the
functional importance of mussel beds in the ecology of Oregon rivers.
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1) Study Area

Freshwater mussels were collected from various locations within two river systems in the

METHODS

Columbia River Basin: the John Day River and the Umatilla River, Oregon. The general study
sites were the same as those described by Brim-Box et al. (2004).

Table 1. Mussel sampling locations and times during 2005-2006.

Sampling . . UTM Zone 11 .
River Location Site Coordinates Coordinates Sampling
N Code Dates
ames Latitude Longitude Latitude | Longitude

6/22/05
Boulder on " 0 s " 10/9/05
Crocl 10| N44939's8.4" | W 118°42'59.0" | 0363940 | 4947307 | 5.0 0%
8/24/06
3/23/05
o 6/22/05
Fishing 11 | N44°45354" | W 118°51'55.8" | 0352358 | 4957963 | 10/9/05

John Day Hole : :
Middle Fork 3/20/06
8/24/06
“I’}(l)‘il;ft 12 | N44°7'49.6" | W 118°55'52.4" | 0347254 | 4962226 | 6/22/05
Ritter Hot | 151\ 4405337 00 | W 119%8'34.9" | 0330779 | 4973188 | 6/22/05

Springs

3/23/05
John Day Mussel on o1 " ocor " 6/22/05
Nowth Fork Bed 21 | N45°0649.2" | W 118°5827.6" | 0344701 | 4997474 | o
3/20/06
. . e U 3/20/06
Umatilla Hermiston | 33 | N45°50'07.6" | W 119°20'09.1 0318595 | 5078419 | o7,

2) Seston Collection and Analysis

“Seston” 1s microparticulate material too small to be seen by the human eye. For this study,
seston was considered to include particles that are large enough to be retained on a glass fiber

filter having an effective retention of 0.7 pm (particle diameter) and small enough to pass

through a 53 pm sieve, which corresponds to the range of particle sizes that can be efficiently
captured by most suspension-feeding bivalves. Typically, the most nutritious particles
comprising the bulk of their diet exist in a narrower size range, often between 5-20 um (e.g.
Kreeger and Newell 2001). When larger sized particles are used, it is usually because either the
flows are higher during which larger particles get swept up into the seston or because the animals
are somehow able to access material in the benthic boundary layer (e.g., Karlsson et al. 2003).

10
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Water used to examine seston was sampled during base flow conditions within a day of mussel
collections. When collected during low flow periods, particles larger than 30 um are virtually
absent in seston, ensuring that the seston analysis is indicative of ambient food conditions for
suspension-feeding mussels. Seston was separated from natural water samples by vacuum
filtration onto pre-combusted glass fiber filters, and later analyzed for particle size distribution,
inorganic and organic particulate matter concentration, and percentage organic content as
described by Kreeger (2006). To examine spatial and temporal variation in seston quantity and
quality in relation to mussel physiological status, water samples were collected at the same
locations and times listed in Table 1, as well as additional places and times as described by
Kreeger (2006).

3) Mussel Collection and Holding

Up to 12 individuals of each species were
collected per location where they could be
found to provide sufficient replication for
mussel physiology experiments. Mussels were
collected five times: March, June and October,
2005, and March and August, 2006 (Fig. 1).
Three species of mussels were sampled,
Margaratifera falcata, Anodonta sp., and
Gonidea sp. Only M. falcata was sampled from
one location on the North Fork of the John Day
River, and only Anodonta sp. was sampled from
one location on the Umatilla River. All three
species were sampled at one location (Fishing
Hole) on the Middle Fork of the John Day
River, with only M. falcata collected in the
uppermost site (near Big Boulder Creek) and
only Anodonta sp. taken at the lowermost site
(Ritter Hot Springs).

The genetics of Anodonta sp. were unclear at
the time of this study; however, it appeared that
two species or sub-species were present on the
Umatilla (near Hermiston) based on
morphological differences; whereas, only one
was observed on the Middle Fork John Day
River (Fig. 2).

Figure 1. David Wolf collecting mussels in the
Middle Fork John Day River in March, 2005.

11
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Up to seven individuals were used per

treatment in each Unionid Mussel
Physiology (UMP) experiment, and
any unused individuals that had been
collected were either sacrificed for
analysis of body metrics or returned to
the field. An attempt was made to
collect and run experiments on a wide
range of body sizes per species and
collection to facilitate allometric
scaling of physiological rates to
represent each population. Table 2
summarizes the number of individuals
of each species that were taken at
different times from the different

locations, 217 mussels in total for this

study. .
Y Figure 2. Two morphological variants of Anodonta sp.
collected from the Umatilla River near Hermiston, OR,
during August 2006. The two individuals on the left had a
longer posterior-anterior axis and exhibited green-tinted
stripes, whereas the two on the right were dorso-ventrally
elongated and more flattened laterally. The right-hand
specimens most resemble Anodonta sp. from the Middle
Fork John Day River.
Table 2. Numbers of mussels collected for body size and condition analyses from
various sampling locations and times during 2005-2006.
Margaratifera falcata Anodonta sp. Gonidea sp.
John
Day . . .
North John Day Middle Fork John Day Middle Fork Umatilla John Day
Fork Middle Fork
Mussel Big Fishing | Wildcat | Fishing | Wildcat | Ritter Hot
Date Bed Boulder Hole Point Hole Point Springs Hermiston Fishing Hole
3/23/05 9 - 9 - 11 - - - 1
6/22/05 22 5 7 3 11 3 7 - 11
10/9/05 6 8 7 - 7 - - - 7
3/20/06 7 7 7 - 7 - - 4 7
8/24/06 - 8 7 - 9 - - 13 7
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Some additional mussel tissue samples were provided by CTUIR
staff for analysis, representing mussels that had been transplanted
among the rivers (e.g. John Day to Umatilla; sampled in October
2004 and May 2005). However, data from those analyses are not
examined here because shell heights and dry shell weights were
not assessed, precluding calculation of condition index and
standardization of findings to mussel body size. Organic
contents were analyzed for those additional samples, and freeze-
dried specimens are archived for potential future analyses.

The timing of these collections and experiments was selected to
ensure that seasonal variation in mussel physiology was
captured. Early spring was represented by the two March
collections (2005, 2006), summer by the June, 2005 and August
2006 collections, and fall was represented by the October 2005
collection. In March 2005, two physiology experiments were
performed (UMP1, UMP2), and two more were performed in
June 2005 (UMP3, UMP4.) One larger experiment with more
replicates was performed in each of October, 2005 (UMPS),
March, 2006 (UMP6), and August, 2006 (UMP7.)

No attempts were made to sex mussels, and we assumed that
mean physiological measurements from random treatment
groups captured any sex differences and treatment groups were
indicative of the overall population. Mussels were collected by
hand either by wading or snorkeling, and they were transported
to the laboratory in coolers filled with ambient water taken from
the same locations as the mussels.

Numerous extra carboys of river water were filled at each
collection site and separately labeled to ensure that there was
ample replacement water to replenish coolers and eventually
experimental aquaria so that mussels were always exposed to the
same water quality, seston quality and quantity, and temperature,
as that in their source river. Mussels were therefore held in fresh
source stream water until experimentation. Water temperatures
were maintained within 3°C (usually within 1°C) of ambient
stream temperatures from where the mussels were taken to
ensure mussel physiological did not respond to any sudden
temperature changes. Ambient water temperature in early spring
ranged from 3-6°C, 18-22°C in summer, and 15-18°C in early
fall (Table 3).

Figure 3. Adult Gonidea sp.
shown here filtering water

during a clearance rate
o 200 ¢.

ovporimont I
(/./\«[I(/I rrncrit, Junc, ZouU

Figure 4. Adult Margaratifera
falcata collected in June, 2005.
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Table 3. Water temperature at time of mussel collection from different sampling
locations and times during 2005-2006.

,\‘l]gnﬂ Egryk John Day Middle Fork Umatilla
e | Vossel | B | Fano | Wt | ermson
3/23/05 5.6 °C - 4.5°C - -
6/22/05 17.9°C - 22.0°C - -
10/9/05 16.2°C 15.3°C 17.8°C - -
3/20/06 31°C 3.1°C 4.6°C - 10.0 °C
8/24/06 - 19.4°C 20.0°C 20.0°C 18.9 °C

Physiological experiments were conducted within 24 hours of mussel collection. In March 2005,
experiments were conducted at The Nature Conservancy’s facility on the upper Middle Fork
John Day. In June 2005, experiments were conducted at Ritter Hot Springs on the Middle Fork
John Day. The rest of the experiments were conducted at CTUIR. Targeted holding
temperatures were the same as ambient water temperatures, which are listed in Table 2. By
maintaining mussels in the same source stream water for both pre-experiment holding and for
experimental treatments, mussels did not experience any marked change in food quality, food
quantity, or temperature as they moved from the river to holding tanks to experimental aquaria.

4) Mussel Body Analyses

Mussels were wiped free of excess water and placed on a scale to determine whole mussel wet
weights to the nearest 0.01 g. Shell heights were measured with a micrometer to the nearest 0.01
mm. Mussels were then shucked and the tissues were added to a pre-weighed and numbered
vial, which were quickly frozen and later shipped to Drexel University, Philadelphia, for further
analyses. Samples were kept frozen during shipment to Drexel University. Shells were placed
into number baggies, frozen, and also shipped with tissues.

At Drexel University, tissue samples were freeze-dried in the pre-weighed vials and then re-
weighed to the nearest 0.00001 g to calculate total dry tissue weight by difference. These were
then hand-pulverized to a fine powder with a mortar and pestle. A subsample of ground tissue
was used for the weight-on-ignition method (450°C, 2 days) to determine the ash-free dry tissue
weight and percentage organic content. Remaining freeze-dried and ground tissues samples were
archived for potential future analysis (e.g. stable isotope ratios, proximate biochemical
composition.).Shells were dried to 60°C for 2 days and were weighed to the nearest 0.00001 g

Allometric relationships of rate functions to body weight were determined from mussels used in

experiments as well as any extras that were sacrificed. Mussel condition was calculated from the
relationship between dry tissue mass and internal volume available between shell valves
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(Kreeger 1993, as modified from Crosby and Gale 1990). This condition index (CI) calculation
was obtained as follows:

CI=[DTW x 1000]/ [TWW — DSW]

where total wet weight (TWW), dry shell weight (DSW) and dry tissue weight (DTW) is
measured in grams, making CI a unitless value.

An additional subsample of a subset of mussel samples was used to analyze the protein content
as a partial index of proximate biochemical composition (i.e., relative percentage protein, lipid,
carbohydrate, and ash). The term “content” is used to refer to the percentage of total dry tissue
weight represented by the component of interest; i.e., protein content refers to the proportion of
dry tissue weight comprised of protein. Protein content was analyzed as described by Kreeger
and Langdon (1994). For the protein assay, a 5- to 10-mg subsample of dried and ground
lamprey tissue was added to 5 ml I M NaOH in a 15-ml centrifuge tube, homogenized for 15 s
with a Polytron, sonicated 15 s, and heated for 45 min at 60°C. The total volume in the tube was
increased to 8 ml with 1 M NaOH and mixed with a vortex. The tube was then centrifuged at
1000 xg for 10 min and the supernatant was analyzed spectrophotometrically with a test kit
(Pierce BCA 23225).

5) Mussel Feeding

Physiological rate functions for freshwater mussels were quantified using standard methods that
have been developed for marine bivalves (e.g., see Kreeger and Langdon 1993.) Up to seven
individuals of each treatment group were used for each experiment. Treatment groups consisted
of a particular species collected from a specific reach at the same time, as described in Table 2
above.

For each individual, the physiological rate functions assessed will consist of clearance (feeding)
rates, ingestion rates, defecation rates, excretion rates, and respiration rates. The Conover Ratio
(Conover 1966) will be calculated to estimate food absorption efficiency, and the O:N ratio (rate
of oxygen consumption divided by the rate of ammonia excretion) will be calculated as an index
for whether protein sparing might affect nutrient remineralization rates. Since physiological rate
functions do not scale linearly with body size (Christian et al. 2001), these measures will be
obtained for a range of animal sizes and the rates will then be expressed according to allometric
relationships

5.1 Seston Diet Preparation

Water from the same collection location was used for each treatment group. Water was pre-
sieved to 53 um to remove large particulate matter that mussels would not be able to feed on.

5.2 Clearance Rate Experiments
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Clearance (water processing) rates refer to the volume of water that is “cleared” of particles per
unit time (CR, L h™"). CR was measured for each animal in static aquaria by monitoring the rate
of particle disappearance in a 1 L container, with subsequent correction for changes in particle
concentrations in 1 L controls having no live animals (Fig. 5). Experimental containers consisted
of 1 L graduated plastic tripour beakers. Where needed, larger containers with larger volumes of
water were used to ensure the ratio of animal biomass to water volume was sufficient to ensure
that particle concentrations were not depleted by more than 50% over the experimental period.

For each Unionid Mussel Physiology
(UMP) experiment, mussels were held in
replicate chambers for a 2 h incubation
period. Chambers were mixed and a 20 ml
sample was removed prior to adding
mussels at the start of each experiment.
Mussels were gently scrubbed free of
debris prior to each experiment. Mussel
apertures typically opened within 15 min,
and if they did not the mussel was
replaced with a more active individual
and its sampling schedule was adjusted
accordingly.

Figure 5. Clearance rates were measured by
monitoring particle disappearance in beakers
containing single mussels, relative to controls
with no mussels.

After each experiment was underway,
chambers were mixed at 30, 60, 90 and
120 min without disturbing mussels by gently plunging a graduated cylinder and 20 ml of water
was sampled each time. Each water sample was fixed with 4 drops of Lugol's solution for later
analysis. Following the 2 hr experiment, mussels were removed and each chamber’s contents
were examined for dissolved (excretion) and particulate (defecation) mussel by-products.

Water samples were shipped to Drexel University, Philadelphia, where they were analyzed for
their particle concentration and size distribution for all particles having diameters between 2-63
um using a Coulter Multisizer system (Multisizer II) following protocols described by Kreeger et
al. (1997). Before analysis, samples were diluted 1:1 v/v with 10 ml isotonic diluent (Fisher
Scientific, Isotone) and mixed by inverting the vials. The Multisizer was calibrated to analyze
seston particles between 2 and 63 um, with particle concentrations quantified separately within
five additional ranges: between 2-3 um, 3-4 um, 4-6 um, 6-10 um, 10-15 um, and 15-63 um.
Analysis of these size fractions, in addition to the total range, enables potential later
determination of filtration efficiencies, which can indicate small or large size preferences.
Comparison of ambient particle size distributions to actual particle sizes that are preferentially
filtered by mussels may also indicate whether a mussel species can adapt to natural food
conditions that vary in time and space, potentially affecting their ecological impacts. This size-
specific analysis was not a focus of this work, and so data are reported simply as the total particle
concentration for the entire 2-63 um range.

For each mussel in each UMP experiment, a regression curve was fitted to the change in particle
concentration (2-63 um) that was observed across the experimental period (up to 5 sample
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times). Sample times were omitted from the regression in cases where particle concentrations
fell to less than 50% of the initial concentration. This rule was applied uniformly for all mussels
in all experiments to ensure that measured clearance rates were indicative of ambient food
condition and not potentially altered (e.g., lowered) by an appreciable decline in ration.
Regression curves were then used to estimate the initial and final chamber concentration,
considering all sample variability across the experimental period.

Clearance rates for static chambers were then calculated using the equation of Coughlan (1969):
Clearance Rate (L/h) =[log Ci - log Cf] x [V / T]

where Ci = particle concentration at the start of the incubation period, Cf = particle concentration
at the end of the incubation period, V = chamber volume, and T = incubation time.

At least three chambers containing water and seston only (no mussel) were established for each
water type as controls to account for settling of particles throughout the experiment (Coughlan
1969).

5.3 Filtration Rate Calculations

Filtration rate (FR, mg.h™") is dry weight of particles cleared from suspension per unit time. It is
the most common means of measuring filtration activity in bivalves and may be used to calculate
a daily ingested ration, i.e., mg of dry seston consumed (Bayne et al. 1976). Clearance and
filtration rates can vary with temperature (season) and also seston concentration and quality. For
example, water processing and seston filtration rates typically are reduced at low temperatures
and also when food availability is low (low seston concentration). Increases in temperature and
concentration lead to increased filtration up to a maximum. Still further increases in seston
concentration such as during turbid conditions results in decreases in filtration with further
increases in concentration (Foster-Smith 1975, Winter 1978, Widdows et al. 1979, Bayne et al.
1989, Velasco and Navarro 2005). Under increasingly turbid conditions, most bivalves can
reject filtered material prior to ingestion as pseudofeces; therefore, actual ingestion rates can
decline at high seston loads (Winters 1978). Although the relative proportions of filtered and
ingested material are important for the animal, the ecological effects on suspended matter
concentrations are linked to filtration since material rejected as pseudofeces is mucous-bound
and is biodeposited to the bottom similar to feces.

Clearance rates (liters of water cleared per hour) were converted to filtration rates (dry weight of
seston removed per hour) by multiplying measured clearance rates by the measured seston
concentration (dry weight of seston per liter of seawater), measured as part of the seston analysis
reported by Kreeger (2006). Filtration rates for mussels will then corrected for values measured
in controls to adjust for any changes due to microbial activity or particle settlement.

5.4 Allometric Scaling of Feeding Rates

Filtration rates increase with increasing mussel size (Winter 1978), which can also vary widely
among species, and so filtration rates (as well as the other physiological rates below) were
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weight-adjusted. To determine weight-adjusted rates, the relationship of filtration rate and
mussel dry tissue weight was determined by least squares linear regression analyses on log-log
data, following the same approach as Kreeger et al. (2001). A separate regression equation was
determined for each species of mussel from each river and each experiment. Where similar (e.g.,
among different rivers for the same species), another regression equation was generated on the
pooled data to minimize error. The average mussel dry tissue weight for all individuals used in a
regression equation was then inserted into the equation, resulting in weight-adjusted filtration
rates for each mussel after back-transformation from the log-log relationship. These allometric-
scaled filtration rates (L h' g dry tissue weight [DTW]™) also enable direct comparison of rate
functions among species for the “average-sized” mussel of each species.

6) Mussel Defecation and Absorption Efficiency

Fecal collections will be made at the end of each clearance rate measurement (up to 56
individuals, see above).

6.1. Fecal Collection and Analysis

No pseudofeces were observed in any UMP experiment, and so all biodeposits were assumed to
be true feces. Feces were removed from UMP experiment chambers by Pasteur pipet after
mussels were removed. Feces were subsequently pipetted out of the chambers with a Pasteur
pipet. They were then vacuum-filtered onto pre-ashed and pre-weighed glass fiber filters
(Whatman GF/F). Filters frozen until later analysis at Drexel University, Philadelphia. Seston
(food) was sampled as part of the regular seston collection (see above and Kreeger 2006). Fecal
filters were later analyzed using the weight-on-ignition method in the same manner as seston
samples that were analyzed for total particulate matter and particulate organic matter. Filters
were dried in an oven (60°C for 24 h), weighed, ashed in a furnace (450°C for 24 h), and
weighed again, to determine dry weights and ash-free dry weights of filtered feces samples.

6.2 Absorption Efficiency

Absorption efficiency (AE) represents the percentage of organic material in dietary matter
(seston) that is actually ingested and absorbed by mussels (Conover 1966). Like filtration rate,
absorption efficiency can vary with food quality and quantity, although it tends not to vary as
much with temperature (seasonally). Typically, absorption efficiency varies inversely with food
quantity and directly with food quality (Thompson and Bayne 1974, Widdows 1978, Griffiths
1980). Different bivalve species may balance their nutritional needs through different strategies
of regulation of filtration rate, particle selection (pseudofecal rejection processes) and ingestion
rate, and absorption efficiency, for example.

Absorption efficiencies were determined for each mussel in each experiment by comparison of
the organic content of the seston delivered to each animal and the feces that it produced.
Absorption efficiency, the percentage of absorption of material by mussels, was calculated per
Conover (1966):

AE = [(F - E)/(1 — E)(F)] x 100 %
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where AE is absorption efficiency, F is the ash-free dry weight : dry weight ratio (the inorganic
fraction) of the ingested food (seston), and E is the ash-free dry weight : dry weight ratio of feces
egested.

7) Mussel Excretion

Ammonia excretion rates were measured following a modification to the protocol described by
Kreeger & Langdon (1993). In brief, following removal of mussels from the chambers in each
UMP experiment (including controls with no mussels), water was passed through a 0.45 um
filter and up to 20 ml of filtrate was collected for later analysis of ammonia concentration.
Internal standards were included at least once in additional no-mussel controls, using
predetermined amounts of ammonia standards (NH4Cl; 25 - 250 mM) that were added for
calibration of the method. Samples for ammonia analysis were frozen and analyzed at Drexel
University, Philadelphia using standard methods (Solorzano 1969), and resulting excretion rates
were control-corrected and expressed per gram of mussel dry tissue weight (ug-at NHs+-N h™' g

1).
8) Mussel Respiration

Respirometry is laborious and time-consuming in comparison to the other physiological rate
measurements, and so respiration rates were measured on a subset of mussels in each UMP
experiment. Respiration was assessed by quantifying the animal’s oxygen consumption rate, and
inter-converted using standard oxycaloric conversion factors reported for metazoans. A 6-
channel dissolved oxygen measurement system (Strathkelvin Instruments Ltd., Model S1928)
was used to monitor oxygen losses in sealed 400 ml respirometry chambers (Strathkelvin
RC400) containing a magnetic stir bar for mixing (Fig. 6). Each chamber was filled with 0.2 uym
filtered river water that (to ensure that no microbial organisms are present that would
substantially contribute to or remove oxygen during the respirometry measurements.) In
addition to mussels, up to 4 controls (no mussels) were analyzed similarly for each of the major
water treatments and times.

Chambers were mixed using magnetic
stirring bars for incubation periods
lasting up to 2 hours. Oxygen
electrodes (Strathkelvin, 1302
microcathode) were calibrated to zero
with a solution of sodium sulphite
(anhydrous) and to 100% with aerated
water. Respirometry trials lasted
between 30-150 min, depending on
mussel activity (i.e., whether apertures
were open or closed) and monitored by
observing the decline in chamber
oxygen with the software. Oxygen <
consumption rates were calculated from | Figure 6. Use of a Strathkelvin respirometry
the decline in oxygen concentration per system to measure rates of oxygen consumption by
freshwater mussels.
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time, and the were later control-corrected and expressed per gram of mussel dry tissue weight
(ng-at O, h™' g™) using allometric principles (see above). The animal biomass : water volume
ratio was not sufficient to deplete oxygen by more than 40% during this time period, and the
short incubation period also precluded significant microbial breakdown of any fecal or
pseudofecal products that might have been carried over and defecated (as determined in
preliminary tests by observing whether any significant changes in oxygen concentration occurred
over 2 hours after removing mussels that had defecated during incubation.

9) Net Absorption Rate and Scope-for-Growth

The net absorption rate and scope for growth are indicators of physiological status, suggesting
whether the mussels are in a state of active growth (positive values), quiescence (zero values), or
loss of condition (negative values). The net absorption rate (NAR, mg hr™') can be calculated by
multiplying ingestion rates (IR) and absorption efficiencies (AE) together (Bayne et al. 1989).
The ingestion rate can be measured as the amount of filtered material that is not rejected as
pseudofeces, and in cases such as this study where no pseudofeces are produced the ingestion
rate can be assumed equivalent to the filtration rate (FR), as follows.

NAR =IR x AE=FR x AE.

Like net absorption rate, the scope-for-growth (SFG) is a measure of an animal’s actual
physiological growth potential. SFG was developed as a health assessment metric for aquatic
organisms, but it also represents a potentially useful way to examine how rates and fates of
material processing can vary spatially and temporally. SFG summarizes the information on
various physiological rate functions and is a closer approximation of an animal’s actual growth
rate, closely correlating with long-term growth performance (Beiras et al. 1994). Unlike
traditional growth measurement, SFG is a near instantaneous measure, thereby avoiding need to
resample and measure the body size of individuals over protracted time periods (Bayne et al.
1976).

SFG is calculated from the results of component measures of feeding rate, oxygen consumption
rate, ammonia excretion rate, and food absorption efficiency. SFG is best assessed using units of
energy as per Widdows and Donkin (1992). The goal is to construct a mass balance for energy
usage:

C=P+R+E+F

where C = energy consumed, P = energy used for animal productivity, R = energy lost in
respiratory processes, E = energy excreted in dissolved by products, and F = energy lost in
defecation. C was calculated by converting filtration rates from units of mg seston filtered to
units of energy using established POM:energy conversion factors. Respiration was measured
directly as the oxygen consumption rate (see above), which was converted to units of energy
using standard oxycaloric quotients. The excretion term (E) was calculated similarly, by relating
measured ammonia excretion rates (see above) to established energy loss conversion formulae.
Defecated biomass was measured (see above) and converted to the energy loss term using
established POM:energy conversion factors. By difference, P was estimated as the energy
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available for growth and reproduction; i.e., the scope-for-growth.
SFG=P=C—-(R+E+F)

In addition, we also calculated the same value (P) in a second way for comparison, as per
Widdows and Donkin (1992):

SFG=P=NAR - (R +E)

whereby NAR = net absorption rate (see above), converted to energy as noted above for filtration
and defecation rates.

10)  Ratio of Oxygen Consumption to Ammonia Excretion (O:N Ratio)

The oxygen:nitrogen ratio (O:N ratio) is indicative of nutritional status (Bayne and Widdows
1978, Widdows 1978, Kreeger 1993, Baker and Hornbach 1997), providing evidence for which
dietary substrate is being catabolized for a metabolic fuel. O:N ratios of less than 20 indicate
that an animal is energy-limited and its productivity is largely being governed by its ability to
ingest, digest and assimilate energy from natural diets. Catabolic substrates can consist of
protein, lipid or carbohydrate, but the relatively high loss of ammonia suggests that nitrogen and
protein are ample in the diet. O:N ratios exceeding 25 indicate that an animal is preferentially
catabolizing non-nitrogenous substrates and conserving nitrogen (a.k.a. “protein-sparing”)
(Bayne et al. 1985). At such times, an animal’s physiological behavior may not follow standard
energy optimization patterns, and protein-rich seston components may be especially important
from the mussel’s standpoint (Kreeger et al. 1994). Under such conditions, mussel populations
may be biogeochemical sinks for a greater proportion of particulate nitrogen than usual, and less
nitrogen-rich biodeposits may be produced for bottom organisms.

11)  Comparison of Physiology and Seston Data

Seasonal and spatial variation in seston concentration and character was contrasted with similar
variation in mussel physiological rate functions and temperature to discern whether mussels may
adapt their physiology to changing conditions, or to potentially suggest effects of mussels on
seston in those areas where mussels still remain in abundance.

12)  Statistical Analyses

All statistical analyses were performed with Statgraphics Plus Version 5.0 for Windows. Only
parametric statistics were required; however, various data transformations were used to achieve
normality. When transformations were applied, reported means, derived from the statistical
procedures, may differ slightly from arithmetic averages calculated on non-transformed data. All
means and standard errors shown in figures are from statistical output. See individual sections
for a description of the actual statistical tests applied to each data set.

21




Physiological Processing by Freshwater Mussels

RESULTS AND DISCUSSION

Temporal and spatial variation in microparticulate seston that comprises the diet of freshwater
mussels, and which can be affected by mussel populations in rivers, is examined in Section 1
below. Data are presented for numerous seston collection times and locations that span the
period of mussel physiological studies. Since more seston samplings were completed than the
number of mussel samplings or physiological experiments, variation in seston quantity and
quality is discussed in Section 1 separate from the mussel physiological analyses. However, the
subset of seston data that comprised actual diets in physiological experiments is presented later
in Section 3.1.

Section 2 summarizes all analyses of mussel physiological status, including body sizes and
condition indices for different species that were sampled at different times and from different
places. Mainly, these data consist of mussels that were sacrificed at the end of Unionid Mussel
Physiology (UMP) experiments, however additional mussels were sampled at a few other times
and the entire dataset was analyzed for each parameter to yield the best possible assessment of
seasonal and spatial differences in size and condition data for various species.

Sections 3-7 describe and discuss physiological rate functions and energetic models measured in
seven UMP experiments. Two physiology experiments were performed in March 2005 (UMP1,
UMP2), two in June 2005 (UMP3, UMP4,) one in October, 2005 (UMPS), one in March, 2006
(UMP6), and one in August, 2006 (UMP7.) Since no significant differences were (t-tests,
p>0.05) detected in any species- and site-specific physiological parameter between UMP
experiments that were conducted back to back during the same month (i.e., UMP1 versus UMP2,
UMP3 versus UMP4), data were lumped per sample month for all species-site pairings.
Therefore, data were statistically compared and are presented in Sections 3-7 for various
experiment months, river/reaches, and species, but not necessarily for individual UMP
experiments.
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Table 4. Experimental design of seasonal Unionid Mussel Physiology (UMP) experiments
conducted on mussel species collected at different times and from different places in eastern
Oregon, 2005-2006.

Middle Fork North Fork :
Species and Date John Day John Day Umatilla
Experiment No.
n n n
Margaratifera falcata
UMP 1, 2 3/22/05 8 7 -
UMP 3, 4 6/22/05 16 6 -
UMP 5 10/9/05 15 5 -
UMP 6 3/20/06 12 4 -
UMP 7 8/24/06 12 -
Gonidea sp.
UMP 1, 2 3/22/05 1 - -
UMP 3, 4 6/22/05 6 - -
UMP 5 10/9/05 7 - -
UMP 6 3/20/06 5 - -
UMP 7 8/24/06 6 - -
Anodonta sp.
UMP 1, 2 3/22/05 7 - -
UMP 3, 4 6/22/05 11 - -
UMP 5 10/9/05 7 - -
UMP 6 3/20/06 5 ) 1
UMP 7 8/24/06 6 ) 10

Section 8 contrasts results presented in Sections 1 through 7 to ascertain whether and how any
differences in mussel physiological status and functional processes vary with either dietary or
environmental factors.

1)  Seston Composition
Seasonal and spatial variation in seston quantity and quality were partially examined previously

for samples collected in 2005 (Kreeger 2006). For this report, additional seston analyses were
completed.
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1.1 Seston Particle Size Distribution and Concentration

The size spectrum and concentration of seston microparticles with mean diameters 2 and 63 pm
is summarized in Table 5 for all samplings for which we examined these particle metrics. Mean
(+SE) particle concentrations were quantified for the total size range (2-63 pum) as well as
separately for each of the six following specific size ranges: between 2-3 um, 3-4 um, 4-6 um, 6-
10 um, 10-15 pm, and 15-63 um (Table 5).

Of the 15 samplings summarized in Table 5 from up to six river locations sampled in May, June
and August, 2005, the greatest total particle concentration was recorded in May from the Fishing
Hole site on the Middle Fork John Day River where 28210 (+ 1760) particles were measured per
milliliter. In contrast, the lowest total concentration was measured at the Cayuse Bridge site on
the Umatilla in June, 4950 (+ 2430).

Spatial and temporal differences in total particle concentration were examined using one-way
ANOVA'’s and multiple range analyses (a¢=0.05). To examine spatial variation, statistically
significant differences among river sites for each sampling month were first discerned. The
results of these tests are depicted in Table 5 as different letters (for each metric in a column, the
same color represents one MRA). At all sampling times, significant differences were found
among at least some of the river sites. For example, in June 2005 six sites were sampled, two
from each of the John Day Middle Fork, John Day North Fork, and Umatilla Rivers, and in
general the Umatilla River seston contained fewer particles than the John Day River seston (Fig.
7). As depicted in Fig. 7, in most situations there was little difference in total particle
concentration between upstream and downstream samplings for the same river and month, and so
data were lumped for subsequent tests. The one exception to this was found in the North Fork
John Day River, as described at the end of this section.

A two-way ANOVA was used to contrast variation in total particle concentrations among
months and rivers, with data summarized in Fig. 8. Although there tended to be more particles in
seston during May than in June and August, the most interesting overall pattern was found
among rivers (Fig 8). The effects of river and month also interacted. In May, seston from the
Middle Fork John Day contained significantly more total particles than in the North Fork John
Day, which in turn had more than in the Umatilla (Fig. 8, Table 5). Between May and June there
was little change in seston particles in the North Fork John Day, but concentrations in the Middle
Fork John Day were significantly lower in June than May or in the North Fork. In June, the
Umatilla again contained significantly fewer seston particles in the overall 2-63 um size range
(Fig. 8). No significant differences among rivers were found in August, but this was partly due
to high variability in the model for this sampling time.
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Table 5. Average concentrations and pooled standard errors (sample sizes are in parentheses) of particulate material (PM) and

different-sized particles in water collected from different rivers during 3 different months in 2005. For each parameter and month,
significant differences among sites (or rivers in grey) are denoted as different letters (for the same color per column) as determined
with a LSD multiple range analysis (0=0.05).

Numerical Concentration by Mean Diameter (#/ml)

Proportion | Proportion
River Site Month | 2-83um | 3-4um | 4-6 um | 6-10 um [10-15 um|15-63 um| 2-63 um PM >15 um <3 um
May no data no data no data no data no data no data no data no data no data no data
Boulder 7710 £1730| 1680 +205 | 1158 +120 | 5966 +82 |207 +19 (4)|337 +43 (4)| 11690 + 2110 | 1.42 +0.33
Creek June (4) abc (4) ab ) @) be (4) ab (4) ab 4.7 £0.9 (4) bc|65.9 £2.2 (4) a
August no data no data no data no data no data no data no data no data no data no data
21010 + | 3190 199 | 2309 +152 | 1247 +82 |320 +28 (8)|129 +16 (8)| 28210 + 1760 | 4.69 +0.18 73.8 1.8 (8)
May | js30(8)a| (8)a @) a ®)a a ns @8)a @©a |18%02@)ns ns
John Day Fishing June |B470£1730| 1355 £205 | 1217 +120 | 580 82 (4)|159 £19 (4)| 114 +43 (4)| 8900 £ 2110 | 1.1020.33 | 5, 1 o (@) c 61.2+2.2 (4)
Middle Fork Hole (4) be (4) bc 4) cd 4)b (4) abc e ab
August | 10920 (1) | 3096 (1) | 2268 (1) | 1134 (1) 276 (1) 108 (1) 17800 (1) 1.61 (1) 2.2 (1) 61.3 (1)
21010 £ | 3190 +202 | 2309 150 | 1247 +78 |320 +27 (8)|129 +15 (8)| 28210 + 1800 | 4.69 +0.24 73.8 1.7 (8)
May 1645 (8) a 8)a 8)a 8)a a . ®)a ) a 1.6 0.2 (8) ns ns
6593 £1201| 1517 +140 | 1187 +83 |588 +57 (8)|183 +21 (8)|226 +41 (8)| 10290 + 1440 | 1.26 +0.22 63.6 +2.1 (8)
Pooled June 8 b )b 8)b b b ne 8)b @) a 3.9+0.6 (8)b e
August | 10920 (1) | 3096 (1) | 2268 (1) | 1134 (1) | 276 (1) 108 (1) 17800 (1) 1.61 (1) 2.2 (1) 61.3 (1)
10630 + | 1944 281 | 1483 £215 | 936 116 |233 40 (4)| 127 £22 (4)| 15350 + 2490 | 4.17 +0.24 68.5+2.5 (4)
May | 2310 @4)b | (4)be (4) be 4)b ab ns (4) be (4)yab |#5%0-3(4)ns ns
Forest
. 9140 £1730| 2249 + 205 | 2344 +120 | 1082 +82 |325 +19 (4)|257 +43 (4)| 15390 + 2110 | 1.69 +0.33
Service Rd| June (4) ab @) a @) @) a @) a (4) ab 3.9+0.9 (4)c [59.242.2(4)b
3963
John Day August | nodata | nodata | nodata | nodata | nodata | nodata | nodata no data no data no data
North Fork
15120
2542 +281 | 1824 +215 | 1002 £116 | 241 +40 (4)| 109 +22 (4)| 20840 + 2490 | 4.68 +0.24 72.1 2.5 (4)
May =231 @) 14y ap (4) ab (4) ab ab ns 4) b @)a |17203#)ns ns
Mussel Bed
12410 | 2211 237 | 2360 +139 | 1100 95 [231 +22 (3)|117 +49 (3)| 18430 + 2430 | 1.86 +0.33 64.1+2.6 (3)
June 11900 3)a|  (3)a 3) 3) b (3) a @)a |22%1.00@)c ab
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Numerical Concentration by Mean Diameter (#/ml)

Proportion | Proportion
River Site Month | 2-8um | 3-4um | 4-6 um | 6-10 um [10-15 um|15-63 um| 2-63 um PM >15 um <3 um
August 4232)4)1(;840 18((32)2589 12(147) i1s77 601 ;;;5 (4) 216i26 (4)|168 Tég (4) 830(()41)- 3840 1.1(94)10.08 5.740.9 (4)a |47.3 £4.4 (4) b
May |, ;ﬁg?(g)b 2241:;)1202 16?g)¢b150 967 ib78 (8)|237 ¢b27 (8) 119:_:135 (8) 1809((; )¢b1800 4.4(28;;(;.24 21402 8)ns| 703 il7 (8)
Pooled June 1132(3)2422)61 22:?)1;49 23(57% Esg 10(97c; 261 284 ¢a23 (7)|197 ﬁi4 (7) 1669((;)1;540 1.7(78;;21.22 31207 (7)b | 613 ﬁiz (7)
August 423;2):5:90 18(640) 2?986 12(147) i1868 601 :;;5 (4) 2167;;5 (4)|168 :;73;0 (4) sso(a;snssszo 1.1&;;2.16 5.7 411 (4) ns| 473 f;A (4)
May 855&)t§310 137(‘71)10281 84(34;;?115 47(5;116 188 1;10 (4)| 88 inZSZ (4) 1152((‘)1)102490 2.1?4;;(3.24 23403 (4)ns| 746 ﬁis (4)
%z?i)(/j%s: June 3212)3;;1990 66?3)i§37 48(23)1:;39 27?;955 118 J_rdzz (3)[209 +49 (3) 495(()5 5430 0.3?4;;2.33 6.941.0 (3) ab| 632 2%6 (3)
August i3;4::(1)2(2)3 19(345) zisg 12(149;1877 527 ﬁzs (4) 216?}26 (4) 116?@9 (4) 2713;3)1 3840 2.0(94)10.08 17£0.9 (4)b 81,8 +4.4 (4) 2
May ﬂégg%g)b 15922)10325 95221))13(;18 54(03?1034 208 zée (3)] 79 inzse 3) 142((52)1;) 5870 3.7(83;;?).29 20403 (3)ns| 784 T\ig 3)
Umnatilla Emaceus | June 2722)3;;1990 87(g)¢3d37 762)3)1139 489 +95 (3)| 246 ¢b22 (3)[207 +49 (3) 530(()3J§ 5430 0.7(:):&33 8.541.0 (3) 2 |514 £2.6 (3) ¢
August 475?4)1:;840 15(22)1289 12(146) i1s77 620 izs (4)| 244 Tge 4)|175 Tég (4) 858(()4’; 3840 1.4&;:0.08 5.040.9 (4) b |54.8 +4.4 (4) b
May 964(87;;:)758 147(3)1315 89(17;;::60 502 134 (7)|196 ¢b29 (7)| 84 ¢n1$6 (7) 1269((; )¢b1920 2.8?7;;%26 22402 (7)ns| 754 il.g (7)
Pooled June 296€é )1;387 76(76)1(1:61 621 ik?B (6)|382 J_rC66 (6)|182 ¢b25 (6)|208 :;]17 (6) 512(()5 2660 0.5(68 )13.22 77407 6)a| 576 riéA (6)
August igggg&) 17(581)211.2s02 12(187) iyg 674 iis (8)|230 «r_ﬁs ®)|145 ﬁz ®8) 178&(33)1;7 2900 1.7(98)12.11 3.4 08 (8) ns| 682 iiz ®8)
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Figure 7. Mean (+SE) concentration of seston particles having diameters
between 2-63 um in water sampled from specific locations in three rivers in
eastern Oregon during summer, 2005. For each location, different letters

above bars denote statistical differences as determined by a LSD multiple
range analysis from a one-way ANOVA (0=0.05).
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Figure 8. Mean (+SE) concentration of seston particles having diameters
between 2-63 um in water sampled from three rivers in eastern Oregon during
summer, 2005. For each month, different letters above bars denote statistical
differences as determined by a LSD multiple range analysis from a one-way
ANOVA (a=0.05).
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The particle size distributions also differed among rivers, with the Middle and North Forks of the
John Day River having more mid-sized particles than in the Umatilla River (Fig. 9). Averaged
across all sampling months, concentrations of 4-6 pm particles averaged 1790 (+140) and 1816
(£126) per ml in the Middle and North Fork John Day, respectively, which was approximately
twice the concentration as in the Umatilla, 930 (£118) per ml (significantly lower, p<0.0001).
For this size range, there was no overall significant pattern among the summer months.
Similarly, for 6-10 um particles, the Middle and North Forks of the John Day contained an
average of 917 (£68) and 923 (£61) per ml, respectively, again significantly greater and
approximately twice that measured in the Umatilla 492 (+57) per ml. The same pattern was
apparent for particles in the 10-15 um size range, although the differences were not significant
(p=0.09). These findings may be important in relation to the feeding habits and relative food
availability for suspension-feeding animals living in these rivers, since most suspension-feeders
favor particles in the 3-15 pm size range. Assuming these data for summer 2005 are
representative for other times of the year, then the John Day drainage would appear to have a
more favorable seston food environment for mussels in quantitative terms.

aid

—a&— Middle Fork John Day
e¥ —a— North Fork John Day
—a— Umatilla

a8

a7

[

Particle Concentration (loge # mr )

94 T T T T T T

Zto3um Atodum  dtobBpm  Bto10pum 10to15um 15to 63 um
Size Range
Figure. 9. Mean (£SE, logarithm transformed) concentrations of seston particles

in various size ranges in water sampled from three rivers in eastern Oregon
during summer, 2005.

As seen in Figure 9, concentrations of the smallest and largest particles were not as variable
among rivers, compared to the middle size classes. However, we were able to detect spatial
differences in the relative proportions of large-sized particles. We found that the best approach to
demonstrate these temporal changes was to express the largest size fraction as a percentage of
the total number of 2-63 um particles (Fig. 10). Since there were no significant differences in
these attributes among reaches within rivers or among rivers all data were lumped per month. A
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one-way ANOVA and LSD multiple range analysis (a=0.05) indicated that water collected from
the Umatilla River contained a significantly greater proportion of the largest sized seston
compared to the Middle and North Forks of the John Day River, which were not significantly
different (Fig. 10). Therefore, as noted above, during summer 2005 the particle size distribution
in seston of the Umatilla River differed from that in the John Day drainages, which were similar
between the Middle and North Forks. These findings may have implications for suspension-
feeding animals. Based on particle size selection studies with bivalve mollusks and other
suspension-feeders, much of these larger particles in the Umatilla may not be as efficiently
captured as particles in the 4-15 um range.

Temporal variability in particle sizes was not
as pronounced as the spatial differences
described above. Nevertheless, some patterns
were detected in the particle size distribution
among the three sampling months in 2005.
But interestingly, these differences were only
apparent for the largest (15-63 pm) and
smallest (2-3 um) size fractions. We found
that the best approach to portray these
temporal changes was to express the large and
small fractions as percentages of the total
number of 2-63 um particles. A two-way
ANOVA was used to discern differences
among months with river as the second main
effect. Figure 11 portrays the percentage of
particles in the 15-63 pum size range as an
average of all sites versus sampling month. A

10}

© b

Proportion of Particles >15 pym Diameter

1 2 3
River

Figure 10. Percentage of total particles

significantly greater proportion of larger
particles was measured in June (4.7%) and
August (4.0%) as compared to May (2.0%).
In contrast, the particles in the smallest size
range, 2-3 um, were most numerous in May

analyzed that were 15-63 um in diameter (+SE)
in water sampled from the Middle Fork John Day
(1), North Fork John Day (2), and Umatilla (3)
Rivers in eastern Oregon during summer, 2005.

(73%), which was significantly greater than in June (61%) and August (61%) (Fig. 12).
Therefore, when analyzed over all sampling stations, temporal variability was most apparent in
the smallest and largest sizes, being characterized as smaller on average in May and larger during
summer. Since the middle size ranges that are most preferred by suspension-feeders did not vary
appreciably among May, June and August, it was unlikely that temporal variation in particle
sizes was of much consequence to suspension-feeding animals in these rivers.
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(o2}

Percentage of Particles 15-63 um (% +SE)

May June August

Figure 11. Percentage of total particles analyzed that were 15-63 um in diameter
(£SE) in water sampled from three rivers in eastern Oregon during summer,

2005. For each month, different letters above bars denote statistical differences as
determined by a LSD multiple range analysis from the two-way ANOVA (0=0.03).
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Figure 12. Percentage of total particles analyzed that were 2-3 um in diameter
(£SE) in water sampled from three rivers in eastern Oregon during summer,
2005. For each month, different letters above bars denote statistical differences
as determined by a LSD multiple range analysis from the two-way ANOVA
(0=0.05).
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It is important to note that these findings regarding temporal and spatial shifts in the fine scale
size distribution of seston particles are limited to just a three basins and only three warm months
during one sampling year. Furthermore, river water was collected mainly during low flow
conditions. Particle sizes are certain to vary more widely with flow, being larger and more
numerous during periods of greater runoff. Little is known about seasonal shifts in seston sizes
and their importance for suspension-feeding animals; however for the purposes of this project we
focused on the warm months when the quantitative nutritional demands of aquatic consumers are
highest and when flows are generally much lower.

Although the focus of this project was to assess physiological rates of freshwater mussels rather
than their impacts to stream ecology, we observed an interesting phenomenon in the North Fork
John Day River that demonstrates the interplay between seston particle sizes and the possible
feeding activities of suspension-feeders. Seston was collected on the North Fork John Day River
just above and below an extensive bed of the Margaratifera falcatus. These upstream and
downstream sampling locations are named Forest Road 3963 and Mussel Bed, respectively, in
Table 5. The relative concentrations of seston particles in each of six size ranges were contrasted
in water collected in May and June from the upstream and downstream sampling locations (only
one site was sampled in August). As shown in Figure 12, the largest sized particles were less
numerous below the mussel bed and smaller particles were more numerous there. This effect
was apparent in both months, with a more pronounced depression of large particles during June.

1.50

2-3 um
3-4 ym
4-6 um

1.30

1.10 - 610 pm

! ! m Ma
0.90 Y

m June

0.70
10-15 pm

0.50

Downstream Relative to
Upstream Concentration

15-63 prr

0.30

Particle Sizes

Figure 12. Concentration of seston particles in six different size ranges expressed
is a relative proportion quantified from water sampled above and below a mussel
bed on the North Fork John Day River, Oregon, during May and June, 2005.

While we cannot unequivocally attribute this pattern to mussel feeding activity per se, the
magnitude of these shifts in size distributions was much greater than any of the seasonal or inter-
basin effect differences summarized above and it is certainly plausible that the suspension-
feeders were responsible. The effects were not likely to have resulted from microenvironmental
differences associated with the two sampling locations (e.g. back eddies) since seston was
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consistently collected from similar flow and substrate environments. In any case, the data in
Figure 12 clearly demonstrate that particle size distributions can vary over reach scales within a
relatively small stretch of the same river, perhaps as a result of grazing by benthic suspension-
feeders such as mussels, where they are abundant. Further study and analysis of additional
archived samples may be warranted to learn more.

1.2 Seston Weight Concentration

The weight concentration of particulate material (PM) comprising seston was determined from
water sampled from nine river locations at various times during 2005 (n=139), and a subset of
locations were targeted for repeated sampling in 2006 (n=16) to discern where inter-annual
variation might be significant. An effort was made to sample throughout the year with the
following representative months: February (n=20), March (n=21), May (n=23), June (n=28),
August (n=24 in 2005 and 16 in 2006), and October (n=23). No significant differences (t-test,
p>0.05) were detected for the PM concentration between August 2005 and August 2006, and so
those data were combined for further analyses. Mean concentrations of PM are summarized in
Table 6 by sampling month and location for the 6 principal river sites.

Overall, concentrations of particulate material were <5 mg L™, which is low to moderate,
reflecting typical low to normal flow conditions during summer in North American freshwater
streams and rivers. There were significant spatial and temporal differences in PM, however,
despite overall low seston concentrations. Spatial differences were generally not statistically
supported between different sites within the same river; rather, spatial differences were most
apparent among the different river basins. Therefore, spatial data from different sites were
pooled by river and analyzed further with one- and two-way ANOVA’s. Figures 13-15
summarize monthly mean concentrations of particulate material for each of the three rivers
studied.
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Table 6. Average concentrations and pooled standard errors (sample sizes are in parentheses) of
seston particulate material from different sampling sites in Oregon rivers during different months
in 2005 and 2006. For each month, significant differences among sites are denoted as different
letters as determined with a LSD multiple range analysis (a=0.05). Statistical tests among sites are
in unshaded rows, and lumped data comparisons among rivers are in grey shaded rows.

Concentration of Particulate Material (mg/L; +SE)
River Site Feb March May June Aug Oct
1.98 7.44 1.42 2.31 1.45
Boulder 1044 (3) | 044 (3) | nodata | *0.38(4) | +0.38(4) | +0.38(4)
Creek 10 b a b b b
John Day i 6.19 4.69 1.10 1.64 0.79
Middle Fishing Hole | ' yia | 1036 (4) | £025(8) | £0.36(4) | £0.36 (4) | £0.36 (4)
Fork 11 a b ¢ c °
1.96 6.72 468 1.26 1.92 1.12
Pooled +0.29 (6) | *0.27(7) | +0.25(8) | #0.25(8) | #0.21(12) | #0.25 (8)
c a b cd c d
Forest 1.28 3.78 417 1.69 0.99
Service Rd | +0.21(4) | +021(4) | +021(4) | #021(4) | nodata | +0.21 (4)
3963 20 bc a a b c
John Da 0.89 6.27 4.68 1.86 1.19 4.63
North Fo){'k MusselBed | "oy | 1080 (4) | 4089 (4) | 0.89(4) | +0.80 (4) | +0.89 (4)
21 b a a b b a
1.41 5.02 4.42 177 1.50 2.81
Pooled +0.50 (9) | *0.53(8) | +0.53(8) | #0.53(8) | #0.53(8) | +0.53 (8)
b a a b b b
1.88 1.60 2.14 0.37 2.09 2.88
Cayuse +0.25 (4) | +0.25(4) | +0.25(4) | +025(4) | +0.25(4) | +0.25(4)
Brldge 30 b b b c b a
. 0.83 1.18 3.78 0.74 1.49 2.43
Umatilla Emaceus 31 | $022(4) | $0.32(2) | +0.26(3) | +0.22(4) | +0.22(4) | +0.26 (3)
cd cd a d c b
1.36 146 2.84 1.31 179 2.69
Pooled +0.33(8) | *0.39(6) | +0.36(7) | +0.27 (12) | #0.33(8) | #0.36 (7)
® ® a ® bc ab
8 [ ]
- i _
> | ¥ -
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s | ¥ -
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Figure 13. Mean (+SE) concentration of seston particulate material in water sampled from
two locations on the Middle Fork John Day River, Oregon, during 2005-2006.
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Figure 14. Mean (+SE) concentration of seston particulate material in water sampled from
two locations on the North Fork John Day River, Oregon, during 2005-2006.

The monthly patterns were similar in the Middle (Fig. 13) and North (Fig. 14) Forks of the John
Day River, being characterized by a peak in seston material in March, with second greatest
concentrations in May, followed by mean concentrations of approximately 1-2 mg L™ for the rest
of the sampling times. These spring concentrations were slightly higher in the Middle Fork (Fig.
13) compared to the North Fork (Fig. 14), and for both systems the March and May seston
concentrations were significantly greater than the rest of the sampling times.

By contrast, mean seston concentrations were lower in the Umatilla River, <3 mg L' on average
in every month (Fig. 15). In addition, the monthly pattern was quite different to that in the John
Day drainages. Although there was a slightly higher concentration in May, the March level was
low. Mean concentrations trended up later in the year, which was not observed in the John Day

system.

Pooled data analysis with a two-way ANOVA indicated that the Middle Fork John Day River
had the greatest overall concentration of seston particulate material (mean +SE = 3.1 £0.3 mg L
! n=57), which was not significantly different from that in the North Fork John Day River (mean
+SE = 3.0 £0.3 mg L', n=46). By contrast, the grand mean concentration for the Umatilla River
(mean +SE = 2.5 0.3 mg L', n=52) was significantly lower (p=0.04) than either John Day
drainage.
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Figure 15. Mean (£SE) concentration of seston particulate material in water sampled from
two locations on the Umatilla River, Oregon, during 2005-2006.
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1.3 Relationship Between Particle and Weight Concentration

Similar patterns were therefore found between the numerical concentration of particles in the 2-
63 um size range during the summer months (Section 1 above) and the weight concentration of
particles captured on a glass fiber filter (effective retention 0.7 pm and water sieved to 53 pm;
Section 2 above). Data for both parameters indicated that seston particles were significantly

lower in the Umatilla River
compared to the Middle Fork
John Day and North Fork John
Day rivers. Least squares linear
regression indicated that the
numerical concentration of
particles correlated significantly
(p<0.0001, R2 = 43.1%) with
the weight concentration of
particulate material (Fig. 16).

1.4 Seston Organic
Content

The potential nutritional value
of the seston was determined by
quantifying its organic content.
In general, concentrations of
particulate organic material
tracked concentrations of total
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Figure 16. The relationship between numerical particle
concentration (y-axis) and the weight concentration of
particulate material (x-axis) for 56 paired samples of water
collected during summer 2005 from three rivers in eastern
Oregon.
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particulate material, and so detailed data are not tabulated or summarized as fully as for the
seston metrics reviewed above. For example, pooled data analysis with a two-way ANOVA
indicated that the Middle Fork John Day River had the greatest overall concentration of seston
particulate organic material (mean £SE = 1.41 +0.07 mg L™, n=43), which was not significantly
different from that in the North Fork John Day River (mean +SE = 1.31 £0.08 mg L', n=33). By
contrast, the grand mean concentration for the Umatilla River (mean +SE = 1.07 £0.08 mg L™,
n=35) was significantly lower (p=0.006) than either John Day drainage (Fig 17).

In addition to analyzing the weight concentration of particulate organic material, we also
calculated the percentage organic content as the proportion of total seston comprised of organics.
For statistical analysis, these percentages were transformed by the arcsine square root. A two-
way ANOVA comparing seston organic contents by main effects of month and river indicated
that no significant differences were
found among rivers (p>0.05), but
there was a strong temporal effect
among months (p<0.0001), as
shown in Fig. 18. Averaged across
all sites, the organic content
significantly increased between
May and June, and then started to
taper off as the summer and fall
ensued.

0.8 -

Particulate Organic Material (mg L’ +SE)

Middle Fork North Fork Umatilla

John Day John Day

Figure 17. Mean (£SE) concentration of particulate organic
material in water sampled from the Middle Fork John Day,
North Fork John Day, and Umatilla Rivers, Oregon, during
2005-2006.

Although no significant differences were detected among rivers, in one case we did detect a
significant difference in the seston organic content within the same river averaged across all
sample times. Seston sampled from the North Fork John Day River from above the mussel bed
site was characterized by a mean (+SE) organic content (arcsine square root transformed)

of 52.8 (£1.8), which was significantly greater than the organic content of seston sampled from
below the mussel bed, 47.2 (£1.7). Although this difference wasn’t that marked in absolute
terms, this was notable because the statistic (p=0.031) resulted even after averaging across all
months which were highly variable (ranging from 38-65 for the North Fork John Day). Taken
together with the upstream-downstream differences in particle size distributions, it appears that
mussels may have been sufficiently abundant to remove an appreciable portion of the larger
sized seston fractions perhaps having higher organic content (e.g. large pennate diatoms).
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Organic Content (arcsine sqrt % £SE)
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Figure 18. Mean (£SE) seston organic content expressed as an arcsine square root
transformed percentage of total particulate material concentration of seston particulate
material in water sampled from the Middle Fork John Day, North Fork John Day, and
Umatilla Rivers, Oregon, during 2005-2006.

2)  Mussel Physiological Status

For each mussel species, an attempt was made to collect and run experiments on as wide a size
range as possible. This permitted the most representative characterization of physiological
functions across the species populations and total mussel assemblage. Therefore, particular
attention was paid to body size metrics (Section 2.1), as well as the condition of mussels that
were sampled (Section 2.2).

2.1 Mussel Body Size

Appendix A provides all body size data for the 217 freshwater mussels that were sacrificed for
this study. Summary statistics for mussel shell heights and dry tissue weights are provided
below for Margaratifera falcata (Table 7,) Gonidea sp. (Table 8,) and Anodonta sp. (Table 9.)

Margaratifera falcata. Comparing mussel sizes that were sacrificed, no significant differences
(t-test, p>0.05) were detected in the mean shell height or dry tissue weight of M. falcata taken
from the North Fork and Middle Fork of the John Day Rivers (Table 4) On the North Fork John
Day River, mussels were only taken from one location, the Mussel Bed site (Table 1). Averaged
across all four sample dates, the mean shell height for M. falcata from the North Fork was 68.4
mm and the mean dry tissue weight was 1.21 g (n=40).
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The overall mean shell height for M. falcata from the Middle Fork John Day River was 62.1 mm
and the mean dry tissue weight was 0.97 g (n=73). On the Middle Fork, M. falcata were
collected from four sites, and of these, sampled M. falcata were different-sized from only one
location. Mussels taken from the Fishing Hole site had a significantly smaller (ANOVA,
p=0.002) mean shell height (55.7 mm, SE=2.3 mm, n=38) compared to the Big Boulder Creek
(68.5 mm, SE=2.5 mm, n=32) and Wildcat Point (73.7 mm, SE=8.1 mm, n=3) sites. Similarly,
the mean dry tissue weight of mussels sampled from Fishing Hole was 0.75 g (SE=0.49 g, n=38),
which was significantly lower (ANOVA, p=0.001) than that for mussels from either Big Boulder
Creek (1.20 g, SE=0.58 mm, n=32) and Wildcat Point (1.43 g, SE=0.32 mm, n=3).

There was no significant difference (ANOVA, p>0.05) in the shell heights or dry tissue weights
of the different groups of M. falcata sampled in each river across all of the different sampling
dates (Table 7.)

Relationships between shell height and dry tissue weight are usually highly correlated for bivalve
molluscs. These relationships are important for constructing population biomass models based
on nondestructive field measurements of shell heights. Therefore, height:weight relationships
were developed for each species by performing least squares linear regression comparing the
shell height to dry tissue weight for all animals for which we have both those data. Separate
regression equations were developed and compared among the different locations that each
species were collected, and if they did not differ significantly (p>0.05 for river effect in a
multiple regression model) the data were pooled among sites per species.

36




Physiological Processing by Freshwater Mussels

Table 7. Summary statistics for the shell height and dry tissue weight of
Margaratifera falcata collected from the North Fork and Middle Fork of the John Day
River during 2005-2006.

Collection Shell Height (mm) Dry Tissue Weight (g)

Mean SD n min max | Mean SD n min max

North Fork John Day
3/22/05 693 | 114 | 9 | 533 | 89.0 | 1.20 | 042 | 9 | 063 | 1.93
6/22/05 649 | 136 | 18 | 37.0 | 83.8 | 1.07 | 0.64 | 18 | 0.23 | 2.86
10/9/05 777 | 127 | 6 | 613 | 939 | 1.78 | 0.76 | 6 | 0.93 | 3.00
3/20/06 68.0 | 123 | 7 | 46.0 | 80.2 | 1.10 | 050 | 7 | 0.32 | 1.67

Middle Fork John Day
3/22/05 568 | 134 | 9 | 371 | 755 | 0.74 | 036 | 9 | 0.24 | 1.26
6/22/05 64.0 | 180 | 20 | 345 | 99.1 | 1.06 | 0.65 | 20 | 0.16 | 2.59
10/9/05 61.7 | 16.0 | 15 | 243 | 853 | 1.00 | 0.61 | 15 | 0.06 | 2.44
3/20/06 67.7 | 133 | 14 | 398 | 834 | 1.14 | 057 | 14 | 0.25 | 1.97
8/24/06 578 | 16.2 | 15 | 376 | 954 | 0.82 | 0.54 | 15 | 0.30 | 2.02

No significant differences were detected in the height:weight relationship for M. falcata between
the Middle Fork and North Fork of the John Day River, and so those data were pooled for
development of the following linear regression equation (LSD, n=113):

LOG (DTW, g) =[ 2.486 x (LOG SH, mm ) ] - 10.407

where DTW = grams dry tissue weight, SH = millimeters shell height, and natural logarithms
were used to derive a normal distribution. The R* for the equation was 88.8% and the correlation
coefficient was 0.94. The log-log relationship for this height:weight relationship for M. falcata
is shown in Fig. 19.

37




Physiological Processing by Freshwater Mussels

—_—
—_—
LI B |

o
—

-1.9

Logarithm of Dry Tissue Weight
=
©

Logarithm of Shell Height (mm)

3.4 3.7

4

4.3

Figure 19. Relationship between the dry tissue weight and shell height of
Margaratifera falcata sampled from the Middle Fork and North Fork of the John Day
River during 2005-2006. Red lines depict the 95% confidence intervals for the least
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Gonidea sp. The overall mean shell height for Gonidea sp. from the Middle Fork was 64.1 mm
(n=33), and this species was only collected from one site, Fishing Hole. The dry tissue weight
averaged 1.13 g (SD=0.63, n=33). There was no significant difference (ANOVA, p>0.05) in the
shell heights or dry tissue weights of the different groups of Gonidea sampled on the five

different dates (Table 8.)

Table 8. Summary statistics for the shell height and dry tissue weight of Gonidea
sp. collected from the Middle Fork of the John Day River during 2005-2006.

Shell Height (mm) Dry Tissue Weight (g)
Collection
Mean SD n min max | Mean SD n min max
Middle Fork John Day

3/22/05 72.8 - 1 - - 1.29 - 1 - -
6/22/05 63.1 | 9.74 | 11 | 476 | 793 | 1.08 | 047 | 11 | 0.50 | 2.19
10/9/05 62.7 | 140 | 7 | 447 | 786 | 1.37 | 085 | 7 | 044 | 266
3/20/06 59.6 | 13.1 7 | 441 | 779 | 099 | 068 | 7 | 0.33 | 2.26
8/24/06 624 | 120 | 7 | 436 | 824 | 1.11 | 068 | 7 | 0.36 | 2.47
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The height:weight relationship for Gonidea sp. in the Middle Fork of the John Day River is
shown in Fig. 20. The least squares linear regression equation (LSD, n=33) was:
LOG (DTW, g)= [ 2.838 x (LOG SH, mm) ]—11.707
where DTW = grams dry tissue weight, SH = millimeters shell height, and natural logarithms

were used to derive a normal distribution. The R* for the equation was 92.2% and the correlation
coefficient was 0.96.
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Figure 20. Relationship between the dry tissue weight and shell height of Gonidea sp. sampled
from the Middle Fork of the John Day River during 2005-2006. Red lines depict the 95%
confidence intervals for the least squares regression equation.

Anodonta sp. Comparing shell heights of Anodonta sp. that were sacrificed, and not discerning
between any species or sub-species variants (see Methods section), mussels were significantly
larger (t-test, p<0.0001) in the sampled population from the Umatilla River (mean=74.9 mm,
SE=1.9 mm, n=17) than the Middle Fork John Day River (mean=44.2 mm, SE=1.1 mm, n=54).
Dry tissues weights were also significantly greater (t-test, p<0.0001) in the Umatilla (1.26 g,
SE=0.46 g, n=17) than the Middle Fork John Day (0.37 g, SE=0.16 g, n=54). Although the
mussels from the Hermiston area of the Umatilla River appeared older, the overall large size of
that sample population may simply have been because of the late effort and comparatively
smaller sample size which did not yield any young animals.
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The Anodonta collected from the Middle Fork had statistically similar (ANOVA, p>0.05) mean
shell heights: Fishing Hole (43.7 mm, SE=1.2 mm, n=44), Wildcat Point (50.6 mm, SE=4.5
mm, n=3), and Ritter Hot Springs (44.5 mm, SE=3.0 mm, n=7). Dry tissue weights of sampled
Anodonta were also comparable among these Middle Fork sites: Fishing Hole (0.37 g, SE=0.15
g, n=44), Wildcat Point (0.46 g, SE=0.12 g, n=3), and Ritter Hot Springs (0.35 g, SE=0.22 g,
n=7). There was no significant difference (ANOVA, p>0.05) in the shell heights or dry tissue
weights of the different groups of Anodonta sampled from the Middle Fork John Day on the five
different dates (Table 9.), and similarly, the mean shell heights of Umatilla mussels were not
significantly different (t-test, p>0.05) between the two dates they were sampled in 2006.

Table 9. Summary statistics for the shell height and dry tissue weight of Anodonta sp.
collected from the Middle Fork of the John Day River during 2005-2006 and the Umatilla

River during 2006.
Shell Height (mm) Dry Tissue Weight (g)
Collection
Mean SD n min max | Mean SD n min max
Middle Fork John Day
3/22/05 442 | 6.71 | 11 | 306 | 56.0 | 041 | 0.15 | 11 | 0.07 | 0.67
6/22/05 447 | 7.02 | 20 | 334 | 59.9 | 0.35 | 0.17 | 20 | 0.13 | 0.82
10/9/05 421 | 488 | 7 | 36.2 | 485 | 036 | 0.15 | 7 | 0.20 | 0.57
3/20/06 431 | 644 | 7 | 349 | 508 | 0.34 | 020 | 7 | 014 | 0.57
8/24/06 45.1 | 6.38 9 |337 | 512|042 | 015 | 9 | 0.19 | 0.64
Umatilla
3/20/06 753 | 164 | 4 | 56.1 | 921 | 1.29 | 0.64 4 | 070 | 2.05
8/24/06 748 | 104 | 13 | 519 | 86.7 | 1.26 | 043 | 13 | 0.54 | 1.92

A multiple regression test predicting dry tissue weight (log) from both shell height (log) and
river (Middle Fork John Day versus Umatilla) for Anodonta sp. indicated that the relationship
differed between rivers (LSD model, n=71, p=0.03). Therefore, separate linear regressions were
generated for the height:weight relationship for Anodonta sp., one for each river (Figs. 21 and
22).

The height:weight relationship for Anodonta sp. in the Middle Fork of the John Day River is
shown in Fig. 21. The least squares linear regression equation (LSD, n=54) was:

LOG (DTW, g)= [3.068 x (LOG SH, mm ) ] -12.690

where DTW = grams dry tissue weight, SH = millimeters shell height, and natural logarithms
were used to derive a normal distribution. The R* for the equation was 76.4% and the correlation
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coefficient was 0.87.
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Figure 21. Relationship between the dry tissue weight and shell height of Anodonta sp.
sampled from the Middle Fork of the John Day River during 2005-2006. Red lines depict the
95% confidence intervals for the least squares regression equation.

All Anodonta sp. collected on the Umatilla were compared together since we did not have clear
evidence for different species having been included there; however, further analysis may be
helpful to contrast the body size metrics for the different individuals collected from the Umatilla
River near Mermiston, OR. The height:weight relationship for Anodonta sp. in the Umatilla
River is shown in Fig. 22. The least squares linear regression equation (LSD, n=17) was:

LOG (DTW, g)= [2.389x (LOG SH, mm ) ]-10.123
where DTW = grams dry tissue weight, SH = millimeters shell height, and natural logarithms

were used to derive a normal distribution. The R* for the equation was 91.2% and the correlation
coefficient was 0.95.
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Figure 22. Relationship between the dry tissue weight and shell height of Anodonta sp.
sampled from the Umatilla River during 2006. Red lines depict the 95% confidence
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2.2 Mussel Condition

Appendix A provides data for the condition index for all 217 freshwater mussels that were
sacrificed for this study. Appendix A also summarizes the tissue organic contents for most of
these mussels (weight-on-ignition analysis for organic content was not completed for all
animals).

In addition to these data, tissue organic contents were analyzed for additional mussels provided
by Dr. Jeanette Howard from a CTUIR mussel transplant study. Body size metrics and condition
indices were not able to be calculated for those animals because no shell data were collected.
Organic contents for these additional mussels are reported in Appendix B. As noted in the
methods, since shell heights and weights were not recorded for those animals, it was not
meaningful to include those samples in the overall analysis for this physiological study. Those
freeze-dried samples are archived for potential future analysis (e.g. stable isotope ratios,
proximate biochemical composition.)
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Summary statistics for mussel condition index and tissue organic content are provided below for
Margaratifera falcata (Table 10), Gonidea sp. (Table 11), and Anodonta sp. (Table 12). Spatial
variation (i.e., among reaches within a river or among rivers) was examined for each of these
species and is discussed in these sections.

2.2.1 Physiological Condition of Margaratifera falcata

No significant differences (t-test, p>0.05) were detected between the mean condition index of M.

falcata taken from the North Fork and Middle Fork of the John Day Rivers (Table 10.) On the

North Fork John Day River, mussels were only taken from one location, the Mussel Bed site
(Table 1), and condition of mussels from there did not differ significantly among sample months
(ANOVA, p>0.05). On the Middle Fork, M. falcata were collected from four sites, however no
significant differences (ANOVA, p>0.05) were detected among locations when averaged across
the sample dates. Averaged across all sample dates, the mean condition index for M. falcata
from the North Fork was 76.4 (n=73) and the mean condition index for M. falcata from the

Middle Fork was 80.1 (n=40).

Table 10. Summary statistics for the condition index and percentage organic content of

Margaratifera falcata collected from the North Fork and Middle Fork of the John Day

River during 2005-2006. nd= no data.

Condition Index

Organic Content (%)

Collection
Mean SD n min max | Mean SD n min max
North Fork John Day
3/22/05 80.7 | 136 | 9 | 556 | 999 | 874 1.3 6 | 85.7 | 89.1
6/22/05 75.1 9.4 18 | 53.6 | 92.8 | 87.3 0.8 18 | 86.2 | 88.2
10/9/05 80.7 6.6 6 | 73.3 | 88.3 nd nd 0 nd nd
3/20/06 70.2 | 4.3 7 | 642 | 754 | 86.0 1.2 7 | 842 | 87.6
Middle Fork John Day
3/22/05 832 | 1562 | 9 | 59.2 | 1051 | 87.2 1.7 2 | 848 | 894
6/22/05 788 | 10.0 | 20 | 61.3 | 109.2 | 90.0 | 0.6 18 | 89.3 | 90.7
10/9/05 82.0 9.8 15 | 62.8 | 106.9 | nd Nd 0 nd nd
3/20/06 77.5 9.3 14 | 61.3 | 96.3 | 87.7 0.7 14 | 86.8 | 88.5
8/24/06 79.1 | 129 | 15 | 481 | 969 | 885 | 0.7 14 | 87.6 | 89.3
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Condition index also did not vary significantly (ANOVA, p>0.05) among sample months when
averaged across all sites. The mean condition in March, June and October, 2005, and March and
August, 2006, was 81.9, 76.9, 80.9, 74.5, and 77.2, respectively. Data were also pooled
seasonally to test whether temporal effects on condition could be discerned, and again, condition
index for M. falcata did not differ significantly (ANOVA, p>0.05) among early spring (78.3),
summer (77.6) or fall (81.7) (Fig. 23).

Condition Index (mean +SD)

Early Summer Fall
Spring

Figure 23. Seasonal variation in condition index of Margaratifera falcata sampled from the
North Fork and Middle Fork John Day River during 2005-2006. ns = not significantly
different.

A 2-way ANOVA comparing condition index of M. falcata between the North Fork and Middle
Fork and among sample dates was not significant (p>0.05) for either main effect. These results
suggest that the condition index of M. falcata does not vary much seasonally or spatially within
the John Day drainage basin, ranging from 48.1 to 109.2 among 113 mussels sampled from
different up to four locations between March and October.
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The percentage organic content in the tissues of M. falcata was relatively constant among sample
dates and between the Middle Fork and North Fork John Day River, varying only between
84.2% and 90.7% for all 79 mussels for which these data were determined. No data were
available for October, 2005, and so these findings are limited to sampling from late winter to
summer conditions. The mean organic content of mussels collected from the North Fork was not
significantly different (ANOVA, p>0.05) among sample dates of March 2005 (87.4%), June
2005 (87.3%) and March 2006 (86.0%). There was a statistically significant difference in the
organic content of mussels taken from the Middle Fork where M. falcata collected in June 2005
had a tissue organic content of 90.0%, slightly greater than that in March, 2006 (87.7%), and
other dates were intermediate. However, the range in organic content was so narrow that these
differences were not meaningful physiologically. When analyzed seasonally or comparing
rivers, the tissue organic content of M. falcata did not vary significantly (ANOVA, p>0.05).

Relationships between condition index and body size can occur in bivalve molluscs, and so it is
important to discern whether any seasonal or spatial variation in condition index may be partially
attributed to body size effects. Although condition of M. falcata was not found to vary with
location or sample date, relationships between condition index and body size were nevertheless
tested by least squares linear regression.

Since no significant differences were detected in the condition index of M. falcata between the
Middle Fork and North Fork of the John Day River, those data were pooled for development of
the following linear regression equation (LSD, n=113):

CI = [-0.272 x SH ]+ 96.1
where CI = condition index (unit-less) and SH = millimeters shell height. The R? for the

equation was 14.7% and the correlation coefficient was -0.37. The effect of body size on
condition in M. falcata is shown in Fig. 24.
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Figure 24. Relationship between the condition index and shell height of Margaratifera falcata
sampled from the Middle Fork and North Fork of the John Day River during 2005-2006. Red
lines depict the 95% confidence intervals for the least squares regression equation.
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2.2.2 Physiological Condition of Gonidea sp.

The condition index of Gonidea sp. taken from the Middle Fork of the John Day River varied

significantly (ANOVA, p=0.0001) among sample dates (Table 11.) Condition index ranged from

51.7 to 103.6 (n=33).

Table 11. Summary statistics for the condition index and percentage organic content of
Gonidea sp. collected from the Middle Fork of the John Day River during 2005-2006

Condition Index

Organic Content (%)

Collection
Mean SD n min max | Mean SD n min max
Middle Fork John Day

3/22/05 86.1 - 1 - - nd nd 0 nd nd
6/22/05 68.7 | 65 | 11 | 60.8 | 822 | 90.1 | 2.0 | 11 | 87.1 | 92.0
10/9/05 89.7 | 95 7 | 82.0 | 1036 | nd nd 0 nd nd
3/20/06 815 | 55 7 | 699 | 866 | 89.0 | 3.9 7 | 822 | 918
8/24/06 738 | 136 | 7 | 51.7 | 86.3 | 849 | 127 | 6 | 589 | 93.3

The highest condition index was recorded during March, 2006 (89.7, n=7), which was similar to
the single value recorded from March, 2005 (86.1). The lowest condition index was recorded in
June 2005 (68.7, n=11), which was not significantly different (multiple range analysis, p>0.05)
from the second lowest was in August, 2006 (73.8, n=7). These data are shown in Fig. 25, which
shows that mussels collected in fall, 2005 had a significantly higher condition than mussels

collected in June, 2005.
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Figure 25. Monthly variation in condition index of Gonidea sp. sampled from the Middle
Fork John Day River during 2005-2006. Different letters above symbols denote significant
differences as determined by multiple range analyses (ANOVA, a=0.05)

Since the overlapping early spring and summer data were statistically similar between 2005 and
2006, monthly data were recoded according to seasons for statistical analysis, i.e., as either early
spring (March 2005, March 2006), summer (June 2005, August 2006), or fall (October 2005).
The seasonal variability in the condition index of Gonidea sp., as tested by ANOVA and multiple
range analysis, was characterized by significantly lower (p=0.0006) summer values (70.7, n=18)
than either spring (82.1, n=8) or fall (89.7, n=7) (Fig. 26.)
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Figure 26. Seasonal variation in condition index of Gonidea sp. sampled from the Middle
Fork John Day River during 2005-2006. Different letters above bars denote significant
differences as determined by multiple range analyses (ANOVA, a=0.05)

No significant relationships were detected between the condition index and shell length of
Gonidea, which were examined by least squares linear regression (LSD, n=33).
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Like Margaratifera falcata, the percentage organic content in the tissues of Gonidea sp. was
relatively constant among sample dates, varying from a mean of 84.9% in June, 2005, to 89.0%
in March, 2006, and 90.1% in March, 2005 (not significant, ANOVA, p>0.05, n=24). No data
were available for October, 2005, and so these findings are limited to sampling from late winter
to summer conditions. Unlike M. falcata, however, there was a greater range in organic content
in Gonidea sp. among individuals, varying from a minimum of 58.9% in June, 2005, to a
maximum of 93.3%, also in June, 2005. A seasonal comparison between early spring (March
2005, March 2006) and summer (June 2005) was not significant (t-test, p>0.05) for percentage
organic content in Gonidea sp.

2.2.3 Physiological Condition of Anodonta sp.

The condition index of Anodonta sp. taken from the Middle Fork of the John Day River varied
significantly (ANOVA, p<0.0001) among sample dates (Table 12.); however, the same was not
true comparing Anodonta condition between the two dates mussels were sampled from the
Umatilla. Condition index ranged from 51.7 to 103.6 (n=33).

Table 12. Summary statistics for the condition index and percentage organic content of
Anodonta sp. collected from the Middle Fork of the John Day River during 2005-2006
and the Umatilla River during 2006.

Condition Index Organic Content (%)
Collection
Mean SD n min max | Mean SD n min max
Middle Fork John Day

3/22/05 652 | 72 | 11 | 57.8 | 759 | 89.4 1.3 4 | 87.7 | 904
6/22/05 482 | 6.2 | 20 | 36.8 | 67.3 | 86.7 | 3.3 | 20 | 785 | 91.7
10/9/05 61.3 | 6.3 7 | 525 | 69.6 nd nd 0 nd Nd
3/20/06 56.5 | 149 | 7 | 331 | 77.3 | 90.4 1.9 7 | 886 | 925
8/24/06 58.6 | 8.6 9 |46.5 | 749 | 901 1.9 9 | 88.0 | 93.0
Umatilla
3/20/06 56.8 | 156 | 4 | 394 | 771 | 69.9 | 6.8 4 | 63.0 | 81.0
8/24/06 554 | 135 | 13 | 40.8 | 94.7 | 848 | 8.7 9 | 592 | 91.7
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A two-way ANOVA comparing condition index of mussels sampled in different months and
from the two rivers suggested that there was no significant difference (p>0.05) for the river main
effect, but there was a significant temporal effect (p=0.0003). This temporal pattern is shown in
Fig. 27, suggesting lower early summer condition in Anodonta sp. The highest mean condition
index was recorded during October, 2005 (61.3, n=7), and the lowest index was recorded in June
2005 (48.2, n=20). A multiple range analysis indicated that these values were significantly
different (multiple range analysis, p>0.05).
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Figure 27. Monthly variation in condition index of Anodonta sp. sampled from the Middle
Fork John Day and Umatilla Rivers during 2005-2006.
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As found for Gonidea sp., the overlapping early spring and summer condition indices for
Anodonta sp. data were statistically similar between 2005 and 2006, and so monthly data were
recoded according to seasons for statistical analysis, i.e., as either early spring (March 2005,
March 2006), summer (June 2005, August 2006), or fall (October 2005). The seasonal
variability in the condition index of Anodonta sp., as tested by ANOVA and multiple range
analysis, was characterized by significantly lower (p=0.007) summer values (52.6, n=42) than
either spring (60.9, n=22) or fall (61.3, n=7) (Fig. 28.)
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Figure 28. Seasonal variation in condition index of Anodonta sp. sampled from the Middle

Fork John Day and Umatilla Rivers during 2005-2006. Different letters above bars denote
significant differences as determined by multiple range analyses (ANOVA, a=0.05)

No significant relationships were detected between the condition index and shell length of
Anodonta sp., which were examined by least squares linear regression (LSD, n=71).
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The percentage organic content in the tissues of Anodonta sp. taken from the Middle Fork of the
John Day was relatively constant among sample dates, varying only between 78.5% and 93.0%
for all 40 mussels for which these data were determined. No data were available for October,
2005, and so these findings are limited to sampling from late winter to summer conditions. The
mean organic content of mussels collected from the Umatilla River in 2006, however, did show a
significant difference (t-test, p=0.024) between sample dates with mussels taken in March 2006
having lower organic content (69.9%) than those collected in August 2006 (84.8%). The
individual range during August 2006 was also high, varying from 59.1% to 91.7% organic
content. When data were pooled for the two rivers and analyzed among months or between
seasons, this high variability obscured any temporal variation (ANOVA, p>0.05). The greatest
effect was found between rivers, whereby the average percentage organic content in Anodonta
tissues was significantly (t-test, p=0.0001) greater in the Middle Fork John Day, 88.4% (+0.9%
SE; n=40) than in the Umatilla River, 80.6% (£1.6% SE; n=13). Further analysis of this
difference is warranted, considering that there appeared to be two forms of Anodonta sp. present
in the mussels collected from the Umatilla River.

2.2.4 Physiological Condition in Two Forms of 4Anodonta sp.

As noted earlier and shown in Fig. 2, based on morphology and color traits, two different
Anodonta sp. appeared present at the Hermiston site on the Umatilla River, which was included
in these analyses in March and August, 2006. The longer, “green-striped” form (perhaps 4.
oregonensis) was discernable from the rounder and flatter dark form (believed to be A.
californianus). Although replication was limited, a t-test was used to compare the condition
index between these forms, with data combined for March and August 2006 since condition was
not found to vary seasonally in the Umatilla River. The type presumed to be A. oregonensis was
significantly (t-test, p=0.021) longer in shell height (mean=77.8 mm, SE=2.6 mm, n=14) and
significantly (t-test, p=0.019) heavier in dry tissue weight (mean=1.38 g, SE=0.11 g, n=14) than
the form presumed to be 4. californianus (shell height mean=61.6 mm, SE=5.1 mm, n=3; dry
tissue weight mean=0.72 g, SE=0.23 g, n=3).

Despite the size differences between the two forms of Anodonta sp. taken from the Umatilla
River in 2006, no significant differences (t-test, p>0.05) were detected in the condition index of
what was presumed to be A. oregonensis (mean=>54.0, SE=3.6, n=14) and A. californianus
(mean=63.6, SE=7.7, n=3). However, significant differences were found between these forms
with regard to their tissue organic contents (Fig. 26), and the difference interacted with season.
In March 2006, mussels presumed to be 4. oregonensis collected from the Umatilla River had a
significantly (t-test, p=0.0002) lower organic content (mean=65.9%, SE=4.6%, n=3) compared
with A. californianus that were taken from both rivers at the same time (mean=89.3%, SE=1.1%,
n=8). This was also significantly (t-test, p=0.021) lower than the organic content of A.
oregonensis collected from the Umatilla River in August, 2006 (mean=84.4%, SE=3.0%, n=8).
In contrast, A. californianus taken from both rivers did not differ significantly (t-test, p>0.05) in
organic content between sample times. Contrasting the organic contents for all Anodonta sp.
taken just in August, 2006, there was no significant difference between types (T-test, p>0.05)
(Fig. 29). Averaged across rivers and sample
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Figure 29. Percentage organic content in the tissues of two different forms of Anodonta sp.
sampled from the Middle Fork John Day and Umatilla Rivers during 2006. Different letters
above bars denote significant differences between months as determined by multiple range
analyses (ANOVA, a=0.05).

months, the mean organic content of mussels presumed to be A. oregonensis was significantly
lower (78.5%, SE=2.0%, n=11) than that for 4. californianus (89.3%, SE=1.5%, n=18).

2.3 Seasonal Variation

A three-way ANOVA comparing condition index among main effects of species, river and
season indicated a significant species effect (p<0.0001) and a significant season effect (p=0001).
As noted above for each species, condition varied significantly among seasons for only two of
the three species (Anodonta and Gonidea), with lower summer condition compared to spring and
fall. Although there was no significant seasonal difference in condition of Margaratifera
falcata, the lowest mean condition was recorded during summer for that species as well.
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Taken together, these data indicate that condition index varies significantly in freshwater mussels
of the Pacific Northwest, as evidenced by the three genera studied herein. The greatest
variability appears to be among species (p<0.0001). However, most species also exhibited
strong seasonal variation (p=0.0001), presumably associated with seasonal changes in
physiological and reproductive status. Even though environmental conditions (e.g. river
temperature) and food conditions (i.e., seston quantity and quality) can vary widely among rivers
(e.g., Umatilla versus Middle Fork John Day versus North Fork John Day), mussel condition did
not appear to follow suit. In no case did condition index differ significantly (p>0.05) among
rivers for the same species sampled in the same month. Hence, mussel condition in rivers of
eastern Oregon appears to vary intrinsically, as either interspecific (genetic) differences or
seasonal changes in physiological status, but not in response to river conditions per se, and there
appears to be good consistency across the region.

Combined for all species, the seasonal effect on condition index is shown in Fig. 30. Condition
index was significantly lower in summer for all species (67.9, n=113) than in spring (72.7, n=69)
or fall (76.2, n=33).
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Figure 30. Seasonal variation in condition index for all 217 freshwater mussels sampled
during 2005-2006 from rivers of eastern Oregon. Different letters above bars denote
significant differences as determined by multiple range analyses (ANOVA, a=0.05)

54




Physiological Processing by Freshwater Mussels

Historically, condition index has been the most common measure used to gauge the
physiological status of bivalve mollusks such as oysters (for examples, see Medcof 1946, Menzel
and Hopkins 1952, Baird 1958, Haven 1962, Sakuda 1966, Lawrence and Scott 1982), and it
continues to be a valuable tool today (e.g., see Austin et al. 1993, Rheault and Rice 1996,
Schumacker et al. 1998). When analyzing physiological metrics such as condition index, it is
important to clarify the method used and the context in relation to bivalve monitoring programs
elsewhere. Condition is a unit-less index that compares the size of the body to either the shell
weight or the internal volume of the shell. It can be calculated in various ways based on the
morphology, volume and weight of the shell and internal meat. The use of different approaches
to calculate condition index has led to problems in comparing values among studies and
locations (Crosby and Gale 1990). Nevertheless, the statistical mean condition index reported
here for freshwater mussels of the Pacific Northwest (72.3, n=217, range 33-109) is in general
agreement with reports of average condition indices for marine species such as oysters which
rarely exceed 100 and usually range between 50-80 (Medcof 1946, Menzel and Hopkins 1952,
Haven 1962, Sakuda 1966, Barber et al. 1988, Crosby and Gale 1990).

The pattern shown in Fig. 30 is consistent with general seasonal shifts in condition typically seen
in marine bivalves from temperate climates. It is well known that marine species such as oysters
typically undergo seasonal changes in physiology as a result of alternating cycles of
reproduction, growth and quiescence (Thompson et al. 1996). Although exceptions occur, one
common pattern is demarcated by springtime or early summer spawning, followed by a period of
quiescence and growth of somatic tissue during summer. By fall, many marine species begin to
sequester carbohydrate stores in the form of glycogen, and these later serve both as an energy
source to help overwinter as well as a fuel for gametogenesis. The fall “conditioning period” can
extend into winter in southern latitudes. Following conditioning, gametogenesis can occur when
the proliferation of gametes in reproductive tissues demands other nutritional materials such as
protein and lipid. Gametogenesis typically gets underway in oysters and mussels by late winter

and continues into the spring and early summer spawning season (Thompson et al. 1996, Kreeger
et al. 1994).

Therefore, the condition index typically is greatest in the fall and early winter as animals “fatten”
up with glycogen, although greatest glycogen concentrations may not occur until gametogenesis
is well underway in March (Chipman 1948, Engle 1951). Little has been reported regarding
seasonal and interspecific variation in the condition index of freshwater mussels. Presumably,
freshwater mussels will optimize their nutrition and maximize production following strategies
similar to other bivalves; however, there are marked differences in life history strategy between
broadcast spawning marine species and larval brooding freshwater mussels. For example, it is
unknown how condition index varies in females that are brooding versus adults that are not
brooding, and the timing of brooding (short-term versus long-term brooders) may lead to
differences in the annual conditioning pattern of freshwater species compared to marine species.
In this study, reproductive status was not assessed directly, and so the possible relationship
between seasonal condition patterns and reproductive events is speculative.
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2.4 Interspecific Variation

2.4.1 Body size Differences Among Species

As noted in the methods, an attempt was made to collect as wide a size range as possible to
ensure physiological measurements were representative of the full size class structure of the
population of mussels in the studied streams. Hence, the range of sizes collected per species is
roughly indicative of the range of mussels that are common in the streams that were examined,
and the height:weight relationships for different sized animals of different species should reflect
that for the population at large.

Generally, M. falcata and Gonidea sp. were larger-sized compared with the bulk of Anodonta sp.
that were collected from the Middle Fork of the John Day River (Fig. 31). This can be seen by
comparing the relative abundance of small versus large animals surveyed in this study in Figure
31. A wide size range was successfully collected for M. falcata and Gonidea sp.,
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Figure 31. Mean dry tissue weight for different shell height size classes of Margaratifera falcata,
Gonidea sp., and presumptive A. oregonensis and A. californianus sampled during 2005-2006
from rivers of eastern Oregon.
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characterized by at least 1 animal collected in each of the four main size classes, <50 mm, 50-60
mm, 60-70 mm, and >70 mm. However, no Anodonta sp. were found >70 mm in the Middle
Fork John Day River, which were all presumed to be 4. californianus. In contrast, most of the
Anodonta sp. that were collected on the Umatilla River that were presumably 4. oregonensis
were >70 mm (Fig. 31).

Of particular note, the mean dry tissue weight was reasonably similar among species of
freshwater mussels for each of the four size classes, group by shell height (Fig 31.) For example,
74 mussels were collected that were <50 mm shell height, representing 3 species, and their mean
dry tissue weight varied between only 0.34-0.44 g (not significant among species, ANOVA,
p>0.05). Thirty-three mussels were 50-60 mm, and the mean dry tissue weights varied among
species between only 0.51-0.76 g, with Gonidea sp. being most “meaty” and Anodonta
californianus “least meaty” (significantly so, ANOVA, p=0.0011). Forty-seven mussels were
60-70 mm, and the mean dry tissue weights varied among species between 0.80-1.10 g, with
Gonidea sp. again being most “meaty” and Anodonta californianus “least meaty” (but not
significantly different, ANOVA, p>0.05). Mussels larger than 70 mm varied between 1.7 and 2.5
g dry tissue weight on average for three species (not significantly different, ANOVA, p>0.05.)

2.4.2 Condition Index Differences Among Species

Interestingly, although the seasonal pattern was reasonably consistent among the three species of
freshwater mussels studied here, there was marked differences among species. The condition
index of Anodonta sp. (58.1, n=71) was significantly lower (ANOVA, p<0.0001) than that for
either Margaratifera falcata (79.7, n=113) or Gonidea sp. (78.9, n=33), which were similar (Fig.
32))

This difference in condition among species was not due simply to the different body sizes of
these species. As mentioned above for Margaratifera falcata, condition index can decrease with
increasingly body size for some species. However, average sizes of Anodonta sp. were smaller
(0.78 g dry tissue weight [DTW]) than either Margaratifera falcata (1.36 g DTW) or Gonidea
sp. (1.52 g DTW), and the opposite would be expected if the lower condition indices of
Anodonta were size-related. To differentiate body size effects on condition index from seasonal
or interspecific effects, a series of two-way ANOVA tests (main effects = season, species) were
repeated for difference size classes of mussels. For all mussels having shell lengths of <50 mm,
the mean condition index for Anodonta sp. was 58.5 (SE £1.7, n=44), which was significantly
lower (p<0.05) than that for either Margaratifera falcata (mean= 87.4; SE £2.3, n=24) or
Gonidea sp. (mean-84.0; SE £4.4, n=6). Similarly, for all mussels ranging between 55-70 mm,
the mean condition index for Anodonta sp. was 61.9 (SE +4.4, n=7), which was significantly
lower (p<0.05) than that for either Margaratifera falcata (mean= 79.7; SE £1.9, n=39) or
Gonidea sp. (mean=75.0; SE £3.0, n=16).
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Figure 32. Mean condition index for Margaratifera falcata, Gonidea sp. and Anodonta sp. sampled
at various times and from various places in eastern Oregon during 2005-2006. Different letters

above bars denote significant differences as determined by multiple range analyses (ANOVA,
=0 NA)

2.4.3 Organic Content Differences Among Species

The percentage organic content was remarkably constant among seasons, rivers, and species,
with one exception. This exception was the larger-sized species variant of Anodonta sp. that was
collected from the Umatilla River near Hermiston, Oregon. These animals, which were assumed
to be 4. oregonensis, had a significantly (ANOVA, p<0.0001) lower mean organic content
during the early spring (mean=65.9%) than the other form, presumed to be 4. californianus
(89.4%), as well as M. falcata (87.2%) or Gonidea sp. (89.0%) (Fig. 33). During summer, all
species had statistically similar mean organic contents, ranging only from 84.4% to 88.6%.
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Figure 33. Percentage organic content in the tissues of Margaratifera falcata, Gonidea sp. and
two morphologically distinct forms of Anodonta sp. (with presumptive species names in legend)
sampled from rivers of eastern Oregon during early spring (March 2005 and March 2006) or
summer (June 2005 and August 2006). Different letters above the bars denote significant
differences per season as determined by a multiple range analysis. (ANOVA, a=0.05).

3) Mussel Feeding

As noted above, physiology experiments were performed in March 2005 (UMP1, UMP2), June
2005 (UMP3, UMP4), October, 2005 (UMPS), March, 2006 (UMP6), and August, 2006
(UMP7.) No significant differences (t-tests, p>0.05) were detected in any species- or site-
specific physiological or dietary parameter between UMP experiments conducted during the
same month (i.e., UMP1 versus UMP2) and so data were lumped per sample month for all
species-site pairings.
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3.1 Seasonal and Spatial Variation in Experimental Diet Composition

For all UMP experiments, mussels were fed natural seston collected from the same river reach
and at the same time as the mussels, ensuring that the animals saw no significant change in diet
quality or quantity between the field and lab. Table 13 summarizes the composition of seston
used in the UMP experiments.

Mussel feeding experiments were conducted under base flow conditions, except in March 2005
when snow melt and light precipitation appeared to raise river levels slightly (but not enough to
affect visibility for mussel collection.) Under these conditions, typical mean concentrations of
particulate material ranged only from 0.8 to 7.4 mg L™ (Table 13) across the three studied rivers,
different reaches within these rivers, and also among different seasons.

For all rivers, the mean concentration of particulate matter (PM) was greatest in the early spring
(March). For example, in the Middle Fork John Day River at Big Boulder Creek, the PM
concentration averaged 7.4 mg L'in March, 2005, and 4.1 mg L' in March, 2006, which were
both significantly greater than in summer and fall when seasonal means ranged from 1.4 to 2.7
mg L. Lower down in the Middle Fork John Day at the Fishing Hole site, the same pattern was
evident, although concentrations appeared slightly lower but not significantly different than at
Big Boulder Creek. The same pattern was found in seston on the North Fork John Day, although
concentrations in March 2006 were not elevated there.

Seston data were not collected from the Umatilla River in 2005 (no mussel experiments), and so
there was not adequate information to describe season patterns. However, it was notable that the
seston concentrations in the Umatilla River during March and August, 2006, were significantly
greater (ANOVA, p<0.05) than the PM concentration in either the North or Middle Forks of the
John Day, which were sampled concurrently (Fig. 34).

The quality of the seston used in mussel feeding experiments was examined by determining its
percentage organic content. The organic content was generally high, ranging from 35 to 89%,
across all mussel feeding experiments (Table 13.) Typically, seston organic content does not
exceed about 50%, however, under low flow conditions it is possible that detrital and algal
organic matter comprised a large portion of microparticulate material. Highest organic contents
were found in the Middle and North Forks of the John Day system, except in March 2005.
Interestingly, organic contents were significantly lower (ANOVA, p<0.05) in the Umatilla River
during the dates that seston was sampled there (Fig. 35).
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Table 13. Seston concentration and quality fed to mussels in Unionid Mussel
Physiology Experiments during 2005-2006. The same water and seston type was fed to
mussels from the river locations where they were collected. For each river, seston
differences detected via multiple range analysis are denoted with different letters.

Seston Particulate Matter (mg L™) Organic Content (%)
Cllizsion Mean SD n Mean SD n
Middle Fork John Day
Boulder Creek
UMP 1/2 (3/22/05) 7.44° 0.74 3 35.3° 3.5 3
UMP 3/4 (6/22/05) 1.43¢ 0.42 4 47.7%® 6.8 1
UMP 5 (10/9/05) 1454 0.18 4 61.8° 3.7 4
UMP 6 (3/20/06) 410" 0.51 4 64.0 ° 3.7 4
UMP 7 (8/24/06) 2.65° 0.56 4 65.6 ° 3.8 4
Middle Fork John Day
Fishing Hole
UMP 1/2 (3/22/05) 6.19°% 0.64 4 39.1° 3.3 4
UMP 3/4 (6/22/05) 1.10° 0.42 4 78.1° 4.1 3
UMP 5 (10/9/05) 0.79° 0.18 4 81.2° 4.1 4
UMP 6 (3/20/06) 3.60° 0.51 4 67.5° 4.6 3
UMP 7 (8/24/06) 1.90° 0.56 4 nm nm -
North Fork John Day
Mussel Bed
UMP 1/ 2 (3/22/05) 6.27" 0.64 4 34.7"° 4.3 4
UMP 3/4 (6/22/05) 1.93° 0.49 3 64.4"% 7.6 2
UMP 5 (10/9/05) 1.64° 0.25 3 46.0"* 4.8 4
UMP 6 (3/20/06) 1.96 ° 0.51 4 89.3"* 11.3 1
UMP 7 (8/24/06) 1.24° 0.56 4 58.2" 10.5 1
Umatilla at Hermiston
UMP 1/2 (3/22/05) n.m. - - n.m. - -
UMP 3/4 (6/22/05) n.m. - - n.m. - -
UMP 5 (10/9/05) n.m. - - n.m. - -
UMP 6 (3/20/06) 493" 0.51 4 35.7" 0.7 4
UMP 7 (8/24/06) 3.73 " 0.56 4 43.4" 1.4 1
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Figure 34. Mean (£ SD) concentration of particulate matter comprising the seston collected
from three Oregon rivers during different seasons for use in mussel physiology experiments.
Different letters above bars denote significant differences as indicated by a multiple range
analysis of a 1-way ANOVA (p<0.05).
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Figure 35. Mean (£ SD) percentage organic content of seston collected from three Oregon
rivers during different seasons for use in mussel physiology experiments. Different letters

above bars denote significant differences as indicated by a multiple range analysis of a 1-way
ANOVA (p<0.05).
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3.2 Clearance Rates

Clearance rates were measured for 157 freshwater mussels in seven Unionid Mussel Physiology
(UMP) experiments during 2005-2006, consisting of 85 Margaratifera falcata, 25 Gonidea sp.,
and 47 Anodonta sp. taken from different river sites and at different times of the year. Appendix
C lists both raw clearance rate (L h™') and weight-specific clearance rates (L h™' g dry tissue
weight™) for all of these mussels.

For calculation of weight-specific clearance rates, raw clearance rates were simply divided by the
dry tissue weight rather than corrected using allometric scaling relationships because no
significant weight exponent was detected; i.e., the slope of the log-log regression of clearance
rate versus dry tissue weight was not significantly different from zero in least squares regression
(p>0.05). This was probably due to having large variation among a small group of mussels for
each treatment within each UMP experiment. All statistical analyses and data summaries were
calculated using the weight-specific clearance rates to enable direct comparison among species
within this project and to other studies.

3.2.1 Intraspecific Variation in Clearance Rates of Margaratifera falcata

Mean weight-specific clearance rates for Margaratifera falcata collected from various sites and
times of year varied from a minimum of 0.18 L h™' g”' (March, 2006 from the Big Boulder Creek
site) to a maximum of 1.38 Lh™ g (October, 2005, from the Fishing Hole site). Considering
the range of sample months and associated temperatures among the different experiments, this
rather limited range in mean clearance rates suggests that M. falcata is active and filtering
throughout the period from March-October.

The variation in mean clearance rates was mainly attributed to seasonal differences rather than
site-specific differences since clearance rates varied on slightly among sites when contrasted
with a one-way ANOVA’s (0=0.05) for each month (Table 14.) For example, no significant
differences were detected among sites in March 2005, June 2005, and August 2006. In both
October 2005 and March 2006, M. falcata from the Fishing Hole site on the Middle Fork John
Day had significantly greater (p<0.05) clearance rates than mussels collected upstream at the Big
Boulder Creek site on the same river. Mussels taken from the North Fork John Day had
intermediate clearance rates in March 2006 and low clearance rates in October 2005. Since the
Fishing Hole site is typically warmer than the other two sites, especially at these times of the
year, these small differences may have resulted from slower physiological activity by the
mussels in the cooler, higher altitude sites.
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Table 14. Summary statistics for the clearance rate (L h™' g dry tissue weight™") of

Margaratifera falcata collected from the North Fork and two sites on the Middle Fork of
the John Day River during 2005-2006. For each date, significant differences (p<0.05)
among mean clearance rates of mussels from different sites were examined by multiple

range analysis and are denoted as different letters.

Big Boulder Creek Fishing Hole
Date | Middle Fork John Day | Middle Fork John Day | NO'th Fork John Day
Mean SE n Mean SE n Mean SE n
UMP 1/ 2 ns i
(3/22/05) nd nd 0 | o053 0.15 8 | 032 0.16 7
UMP 3/4 . ns o
(6/22/05) | 0-77 0.37 5 | 130 029 | 8 | o074 034 | 6
UMP 5 B A .
(10/9/05) 0.35 0.12 8 1.38 0.13 7 0.22 0.06 5
UMP 6 B A AB
(3/20/06) 0.18 0.08 6 0.50 0.08 6 0.33 0.10 4
UMP 7 ns ns
(8/24/06) | 0-44 0.10 6 | 0.65 010 | 6 nd nd 0

SE — standard error; n = sample size; ns = not significant; nd= no data.

A two-way ANOVA comparing main effects of both site and month suggested that clearance
rates of M. falcata did differ significantly (p=0.001) among the Fishing Hole site and the other

two sites, which were statistically similar (p>0.05). This test also indicated that the month effect
was significant (p=0.0014), and a Tukey’s multiple range analysis showed that clearance rates of

M. falcata in June 2005, October 2005 and August 2006 were statistically similar, but greater
than those measured in March 2005 and March 2006 (Fig. 36).
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Figure 36. Monthly variation in clearance rate of Margaratifera falcata sampled from the Middle
and North Forks of the John Day River during 2005-2006. Different letters above symbols denote
significant differences as determined by multiple range analyses (ANOVA, a=0.05)

When data for different sites and months are pooled and contrasted among seasons, clearance
rates for M. falcata were significantly lower (ANOVA, p<0.05) in early spring (March 2005 and
March 2006) compared with summer (June 2005 and August 2006) and fall (October 2005) (Fig.
37.)
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Figure 37. Seasonal variation in mean clearance rate of Margaratifera falcata sampled
from the Middle and North Forks of the John Day River during 2005-2006. Different letters
above bars denote significant differences as determined by multiple range analyses
(ANOVA, a=0.05)

3.2.2 Intraspecific Variation in Clearance Rates of Gonidea sp.

Mean weight-specific clearance rates for Gonidea sp. collected from the Fishing Hole site on the
Middle Fork John Day River at four different times varied from a minimum of 0.23 L h™' g
(March, 2006) to a maximum of 0.55 L h™! g'1 (August, 2006) (Table 12.) This is a more narrow
range compared with Margaratifera falcata, but no data were available for March 2005 which
was the time when clearance rates by M. falcata were lowest. No significant differences were
detected (ANOVA, P>0.05) among either the four different months of UMP experiments (Fig.
38) or among the three seasons when data lumped for summer (Fig. 39.) Like M. falcata,
Gonidea sp. appeared to be clearing material throughout the March to October period.
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Table 15. Summary statistics for the clearance rate (L h™' g dry tissue weight') of Gonidea

sp. collected from the Middle Fork of the John Day River during 2005-2006. Only one
individual was found for study in March 2005, and so that datum was not included in the

statistical analysis although it is shown here.

Fishing Hole
Date Middle Fork John Day
Mean SE N
UMP 1/ 2
(3/22/05) bk nd 1
UMP 3/4
(6/22/05) 0.29 0.07 6
UMP 5
UMP 6
UMP 7
(8/24/06) 0.55 0.07 6

SE — standard error; n = sample size; nd= no data.
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Figure 38. Mean clearance rate of Gonidea sp. sampled from the Middle Fork John Day
River during 2005-2006. ns = not significant differences as determined by multiple range

analyses (ANOVA, a=0.05)
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Figure 39. Seasonal variation in mean clearance rate of Gonidea sp. sampled from the
Middle Fork John Day River during 2005-2006. ns = not significant differences as
determined by multiple range analyses (ANOVA, a=0.05)

3.2.3 Intraspecific Variation in Clearance Rates of Anodonta sp.

As noted in Section 2.2.4 above, two different forms of Anodonta sp. were collected from the
Umatilla River in the 2006 UMP experiments. One form from the Hermiston site on the
Umatilla River was longer and “green-striped” (perhaps A. oregonensis), which was discernable
from the rounder and flatter dark form (perhaps A. californianus). For initial statistical tests,
clearance data for these two forms were lumped for comparisons among different experiment
months and between rivers (Middle Fork John Day versus Umatilla). In addition, clearance data
were pooled for Anodonta sp. that were collected from different reaches of the Middle Fork John
Day (Wildcat Point, Fishing Hole, Ritter) during UMP experiments 3 and 4 in June, 2005,
because they did not different significantly (ANOVA, p>0.05.)

Mean weight-specific clearance rates for Anodonta sp. collected from the two different rivers
and at different times of year varied from a minimum of 0.47 L h™" g (March, 2005 from the
Middle Fork John Day) to a maximum of 2.16 L h™" g™ (August, 2006, from the Middle Fork
John Day) (Table 16.). These findings indicate that Anodonta sp. is capable of feeding

significantly during the full period from March to October, like the other two mussel species.
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Mean weight-specific clearance rates differed both seasonally and between the Umatilla and
Middle Fork John Day Rivers. Differences between rivers may have been complicated by the
presence of the two forms of Anodonta sp. in the Umatilla (examined only during 2006). In
March, 2006, clearance data were obtained from only one individual from the Umatilla, but it
cleared water at a rate comparable to that for mussels from the Middle Fork John Day (Table 16.)
In August, 2006, however, Anodonta sp. from the Middle Fork John Day cleared at a faster rate
than any other treatment group in this study (2.16 L h™" g™), which was significantly (t-test, log
transformed data, p=0.006) greater than that for mussels from the Umatilla (0.79 L h g'l) (Table
16.).

It was unclear whether this result was strictly a river effect, however, because most of the
Umatilla River mussels were the form presumed to be A. oregonensis, whereas all of the Middle
Fork John Day mussels were of the form presumed to be 4. californianus. When weight-specific
clearance rates from August, 2006, were contrasted between the two forms of Anodonta rather
than the rivers, the form presumed to be 4. oregonensis cleared at a rate (0.70 #0.22 L h™' g
[SE], n=8) significantly lower (t-test, p=0.004) than that for the form presumed to be A.
californianus (1.90 £0.22 L h™' g [SE], n=8).

Table 16. Summary statistics for the clearance rate (L h™' g dry tissue weight™") of
Anodonta sp. (all varieties) collected from the Middle Fork of the John Day River during
2005-2006 and the Umatilla River during 2006. For each date, significant differences
(p<0.05) among mean clearance rates of mussels from different sites were examined by
multiple range analysis and are denoted as different letters.

o Middle Fork John Day Umatilla
ate
Mean SE n Mean SE n

%3'\/2'32 /%/5 0.47 0.21 7 nd nd 0
(LEJS?AZZ/gg 1.03 0.25 11 nd nd 0
(524070%) 0.81 0.28 5 0.60 nd 1

UMP 7
(8/24/06) 216" | 069 | 6 | 079% | 0.16 10

SE — standard error; n = sample size; ns = not significant; nd= no data.
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To test whether the river effect or the species form effect was responsible for these differences in
August, 2006, clearance rates were compared between the two rivers only for the form presumed
to be A. californianus (for which there was an ample sample size to perform a t-test.) The test
results showed that clearance rates did not differ significantly between the Middle Fork John Day
(2.45 £0.54 L h™' g) compared with the Umatilla 1.33 £0.93 L h™' g™, seemingly suggesting
that the species form effect (or some interaction of effects) was responsible, as shown in Fig. 40
for the August, 2006, data. For these reasons, statistical tests for temporal changes in clearance
rates of Anodonta sp. were performed with and without pooling the species forms.

Temporal variation in the weight-specific clearance rates of Anodonta sp. was significant for the
A. californianus form (tested five
times during 2005-2006),

following a similar pattern as that

2.2

found for Margaratifera falcata -
and Gonidea sp. Greatest weight- g ' @ 2005 A. californianus % A
specific clearance rates were H18 O 2006 A. californianus
measured in August, with o 161 V2006 A.oregonensis
intermediate rates in June and j 14 4
October. When month data were o 121
lumped to compare seasons, the ICERTS AB
same pattern was found for © o5l AB AB
Anodonta sp. taken from the % ' 5 S —— i B
Middle Fork John Day River (Fig. & °°] ce
41). However, no significant D 04 -

. (@)
temporal difference was detected 0.2 1
in the weight-specific clearance 0.0 : : : : : . . .
rates of the 4. oregonensis form March Aprii May June July Aug Sept Oct
(only tested in March and August, Month

2006), which remained low relative

. Figure 40. Monthl jation in cl te of Anodonta
to the A. californianus form (Fig. g onthly variation in clearance rate of

sp. (presumed species forms are shown in the legend)

40.) sampled from the Middle Fork John Day and Umatilla Rivers
during 2005-2006. Different letters above symbols denote
significant differences as determined by multiple range
analyses (ANOVA, a=0.05)
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The greater clearance rates
for the 4. californianus form
taken from the Middle Fork 5

John Day River in summer ]

are consistent with the classic 7 | A

pattern of higher bivalve D 44

clearance and metabolic rates "5,

at warmer temperatures. = ]

However, the comparatively o 31

lower clearance rates for Qo ]

mussels from the Umatilla & 5]

River, which was always 9 1 B
warmer than the Middle Fork = 1

John Day River, were S 1-

paradoxical to this typical 8

relationship. Again, since the ]

bulk of mussels tested from 0-

the Umatilla appeared to be a Early Summer Fall
different species form, 4. Spring

oregonensis, these results Figure 41. Seasonal variation in mean clearance rate of Anodonta
might be attributed either to sp. sampled from the Middle Fork John Day River during 2005-
interspecific differences 2006 as determined by multiple range analyses (ANOVA, a=0.05)

among these species forms.

Alternatively, it cannot be discounted that the Umatilla River may not be as hospitable to mussel
feeding. Although not significant (perhaps because of small sample sizes), clearance rates of the
A. californianus form in the Umatilla River were nearly half those of the 4. californianus form
taken from the Middle Fork John Day (see above). The small sample size of mussels tested from
the Umatilla, which was only studied in 2006) makes it difficult to draw firm conclusions, and
more study is needed to better discern the reasons for these differences between the two rivers.

A three-way ANOVA comparing main effects of river, season, and species form for Anodonta
suggested that clearance rates differed significantly (p=0.023) only for the main effect of season,
with the mean summer clearance rate (3.97 £0.63 L h' g') being significantly greater than early
spring (1.55 #0.25 L h™ g) and fall being intermediate (1.79 #0.29 L h™' g™); however, as
noted above this comparison of pooled data is not that meaningful because of various
interactions.

3.2.4 Interspecific Variation in Clearance Rates

Like most physiological rate functions, clearance rate increases with body size. Interspecific
comparisons should therefore be undertaken on data that are normalized for body size (e.g. dry
tissue weight.) In this study, all statistical comparisons were performed on weight-specific
clearance data to facilitate comparisons among species as well as sites having different
population size structures. Even after such normalization, however, smaller sized animals of all
species tended to have greater weight-specific clearance rates due presumably to expected
allometric scaling. In our experiments, there was insufficient replication of different sized

72




Physiological Processing by Freshwater Mussels

individuals of the same species and treatment type to enable allometric models to be developed.
However, to account for allometric body size effects and explore interspecific comparisons
irrespective of these body size effects, some statistical tests were performed on like-sized weight
classes as well as at the whole sample population in Section 3.2.6 below.

Analysis of variance comparisons of clearance rates of the three species were first performed for
each experiment data (Table 17.) For all five times that Unionid Mussel Physiology (UMP)
experiments were performed, clearance rates of Anodonta sp. were greater than the other two
species, and these apparent differences were significant (ANOVA, P<0.05) in June, 2005 (UMP
3 and 4) and March 2006 (UMP 6).

Table 17. Mean weight-specific clearance rate (L h™' g dry tissue weight ) of
Margaratifera falcata, Gonidea sp. and Anodonta sp. collected from eastern Oregon rivers
during 2005-2006. For each date, significant differences (p<0.05) among mean clearance
rates of different species of mussels were examined by multiple range analysis and are
denoted as different letters.

5 Margaratifera falcata Gonidea sp. Anodonta sp.
ate
Mean SE n Mean SE n Mean SE n

UMP 1/ 2 ns ‘ ns

(3/22/05) | 044 011 | 15 | 035 - 1 |oes™ | 016 | 7

UMP 3/4 AB B A

(6/22/05) | 0-60 037 | 22 | 029" | 009 | 6 | 103" | 053 | 11
UMP 5

(10/9/05) | 0-51 NS 016 | 20 |025™ | 007 | 7 |093™ | 007 | 7
UMP 6 B B A

(3/20/06) | 9-27 0.04 16 | 0.23° | 0.05 5 | 077 005 | 6
UMP 7

(8/24/06) | 105 NS 020 | 12 | 082" | 041 | 6 |151"| 025 16

SE — standard error; n = sample size; ns = not significant; nd= no data.

When data were pooled to compare species for each season rather than each experiment, mean
seasonal clearance rates for Anodonta sp. were consistently greater than at least Gonidea sp.
during early spring (ANOVA’s, p=0.05, Fig. 42), summer, (p=0.04, Fig. 43) and fall (p=0.05,
Fig. 44).
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Clearance Rate (Lh" g +SE)

Clearance Rate (Lh™ g™ +SE)

1.0
Early Spring A
0.8 -
0.6 -
AB
0.4 B
0.2
0.0 -
Margaratifera Gonidea Anodonta
falcata sp. sp.

Figure 42. Interspecific variation in mean clearance rate
of freshwater mussels sampled from eastern Oregon
rivers in early spring (March 2005, March 2006).
Significant differences determined by multiple range
analysis (p<0.05) are indicated as different letters above

1.4

. Summer A

1.0 1
0.8 A
0.6 A
0.4 -

0.2 A

0.0 -
Margaratifera Gonidea Anodonta
falcata sp. sp.

Figure 43. Interspecific variation in mean clearance rate of
freshwater mussels sampled from eastern Oregon rivers in
summer (June 2005, August 2006). Significant differences
determined by multiple range analysis (p<0.05) are
indicated as different letters above bars.
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1.4

Fall A

1.2

1.0 4

0.8 1

0.6

0.4 -

0.2 -

Clearance Rate (Lh™" g" +SE)

0.0 -
Margaratifera Gonidea Anodonta
falcata sp. sp.

Figure 44. Interspecific variation in mean clearance rate of
freshwater mussels sampled from eastern Oregon rivers in
fall (October 2005). Significant differences determined by

multiple range analysis (p<0.05) are indicated as different
letters above bars.

Pooled data for all experiments indicated that the annual mean clearance rate for Anodonta sp.
(0.90 L h' g dry tissue weight ") was significantly greater than that for either Margaratifera

falcata (0.45 L h™' g dry tissue weight) or Gonidea sp. (0.31 L h g dry tissue weight™) (Fig.
45.).

1.2
Annual Means A

Clearance Rate (L h" g” +SE)

Margaratifera Gonidea Anodonta
falcata sp. sp.

Figure 45. Interspecific variation in mean clearance rate of
freshwater mussels sampled from eastern Oregon rivers in fall
(October 2005). Significant differences determined by multiple

range analysis (p<0.05) are indicated as different letters above
bars.
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3.2.5 Variation in Clearance Rates Among Rivers

Weight-specific clearance rates of mussels differed significantly among rivers when 2006 data
were examined with a two-way ANOV A comparing river and species effects together. Only
2006 data were examined because this was the only time when mussels from the Umatilla were
collected and included in the physiology studies. Although interspecific differences were more
important in explaining the variance (p=0.0005), the river effect (p=0.028) suggested that
mussels from the Umatilla River have lower overall weight-specific clearance rates (0.11 Lh™ g
" compared with the North Fork John Day (0.67 L h™* g'') and Middle Fork John Day (1.03 L h™*
g) Rivers. This difference was most apparent during the summer (August 2006).

3.2.6 Body Size Interactions with River and Species Effects

As noted above, even after raw clearance rates per mussel were converted to weight-specific
clearance rates, smaller-sized mussels of all species tended to clear water faster than larger
mussels. This body size effect on weight-specific clearance rates was clearly evident from a
least squares linear regression of the logarithm of weight-specific clearance rate versus both the
logarithm of mussel dry tissue weight and the logarithm of shell height (Fig. 46.)
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Figure 46. Log-log least squares linear regression relationships between the weight-specific clearance rate of
all mussels tested in Unionid Mussel Physiology experiments and their dry tissue weight (blue squares in left
plot) and shell height (red squares in right plot.)
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For the log-log relationship of weight-specific clearance rate (CR) versus dry tissue weight
(DTW) of all mussels, least square linear regression (p<0.0001, R* = 61.1%) yielded the
following equation:

LOGCR (Lh'g") = {-1.05 x [LOGDTW (g) ]} —0.98

For the log-log relationship of weight-specific clearance rate (CR) versus shell height (SH) of all
mussels, least square linear regression (p<0.0001, R* = 53.2%) yielded the following equation:

LOGCR (Lh'g") = {-2.65 x [LOG SH (mm) ] } +10.08
These relationships were significant for all three species as follows:

Margaratifera falcata (p<0.0001, R* = 66.2%):
LOGCR (Lh'g") = {-1.14 x [LOGDTW (g)]} —0.98

Gonidea sp. (p=0.0003, R* = 44.7%):
LOGCR (Lh'g") = {-0.87 x [LOGDTW (g)]} — 1.14

Anodonta sp. (p<0.0001, R* =37.1%):
LOGCR (Lh'g") = {-0.80 x [LOGDTW (g)]} -0.73

Interestingly, the size-specific relationships were similar among species. These data suggest that
the variation in clearance rates among rivers (Section 4.2.4) and species (Section 4.2.5) may
largely be due to interspecific and riverine differences in mean mussel body size used in the
experiments rather than any species-specific physiological strategies per se.

To test whether body size interactions may explain much of the variance discussed above,
riverine and interspecific ANOVA comparisons were repeated for like-sized classes. When 2006
clearance rates were compared among rivers for mussels having >50 and >60 mm shell heights,
no significant differences (ANOVA, p>0.05) were detected among the Umatilla, North Fork
John Day, and Middle Fork John Day Rivers.

Comparing species, mean weight-specific clearance rates were not significantly different
(ANOVA, p>0.05) among species for the <40 mm, 40-49 mm, and 50-59 mm shell height size
classes (Fig. 47). The only size class where mussel clearance rates differed interspecifically was
the largest class, >60 mm shell height where Anodonta sp. cleared at a significantly faster rate
(0.73 L h™" g™ than either Margaratifera falcata (0.26 L h™ g")or Gonidea sp. (022 L h™" g
(Fig. 47.) The greater clearance rates of larger-sized Anodonta did not result because of any
differences between the presumed variants, A. oregonensis and A. californianus, which
themselves did not different significantly (t-test, p>0.05) for the 50-59 and >60 mm size classes.

77




Physiological Processing by Freshwater Mussels

25 ......................................................................................................................

20 ...............................................
B Margaratifera falcata

B Gonidea sp.
Bl Anodonta sp.
15 ...........................................................................................................

10 ....................................................................................................

Clearance Rate (L h™ g DTW™)

05 ......................................................................

0.0-

<40 40-49 50-59 >60
Shell Height (mm)

Figure 47. Mean (£SE) weight-specific clearance rates for different shell height size classes of three species of
freshwater mussels from eastern Oregon Rivers. For each size class, significant differences (p<0.05)
determined from multiple range analysis are denoted as different letters above bars.

Taken together, these results suggest that freshwater mussels of eastern Oregon rivers differ little
in weight-specific clearance rates when averaged among rivers, seasons, and among species,
except for the largest sized adults. Since most of the population biomass is usually associated
with the larger, older size classes, the greater weight-specific clearance rate of large Anodonta
relative to large Margaratifera and Gonidea may have a bearing on the functional services
rendered by populations of these mussels wherever they are mature and abundant. And wherever
large numbers of large-sized individuals live, population level clearance rates will be greatest.
Hence, studies that seek to quantify clearance rates by mussel populations in eastern Oregon
rivers should be most concerned with obtaining an accurate assessment of the population
abundance and size class structure of the entire mussel assemblage regardless of species and
location (e.g. see mussels living in situ in Fig. 48).
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Figure 48. Anodonta californianus were found in high densities below
Ritter Hot Springs in the Middle Fork John Day River in June 2006.

3.3 Filtration Rates

Filtration rates were determined for each mussel which had its clearance rate measured.
Filtration rates (mg h! g dry tissue weight’l) were calculated by multiplying the mean
concentration of dietary seston particulate material (PM; mg L) by the weight-specific
clearance rate (L h™' g dry tissue weight'). The organic matter filtration rate was similarly
calculated by multiplying the concentration of particulate organic material (POM; mg L) in the
seston by the mussel’s clearance rate. For these calculations, seston concentrations that were
used were the mean values for the same river and sample date as where/when mussels were
collected (i.e., same as fed to mussels in experiments). The resulting values are therefore an
indication of the relative removal rates for particulate matter by mussel filtration per unit body
weight.

As shown in Table 18, the seasonal mean filtration rate tended to decline during the year from
spring to summer and fall mainly because spring runoff carries more particulate matter; i.e.
seston quantity is greater in the spring. This was true for the Middle Fork and North Fork of the
John Day River, but in the Umatilla River seston filtration rates were slightly greater in the
summer (Table 18). The only significant seasonal difference (ANOVA, p=0.02) was determined
for Anodonta sp. in the Middle Fork John Day River.

79




Physiological Processing by Freshwater Mussels

Since higher seston quantities (PM) associated with spring runoff tends to be lower in quality
(organic content), these modest seasonal patterns in filtration rate did not hold when they were
recalculated for just the organic fraction (Table 18). In fact, the filtration rate for seston
particulate organic matter tended to be greatest in the summer or at least equivalent to the spring
rates. The only significant (ANOVA, p=0.015) seasonal difference for POM filtration was for
Gonidea sp. in the Middle Fork John Day River (Table 18.)

A three-way ANOVA contrasting the relative importance of season, river and species in
determining the mean PM filtration rate (log transformed to achieve normality) for all 157
mussels indicated that river was insignificant (p>0.05) whereas both season and species were
highly significant (p<0.0001) determinants of PM filtration. As suggested from individual
species data in Table 18, the overall mean PM filtration rate in the spring was 1.38 mg h™' g dry
tissue weight' (n=50), which was not significantly different from the mean summer rate of 1.07
mg h™! g dry tissue weight” (n=73). However, the mean PM filtration rate for all species was
significantly lower in the fall, 0.51 mgh™ g dry tissue weight' (n=34) than spring or summer.

Averaged across all seasons, the greatest PM filtration rate per species was measured for
Anodonta sp., which filtered at a rate of 1.76 mg h™' g dry tissue weight' (n=47), significantly
greater (p<0.05) than for Margaratifera falcata (0.90 mg h' g dry tissue weight ', n=85), which
was in turn greater (p<0.05) than for Gonidea sp. (0.48 mg h™' g dry tissue weight', n=25). As
noted above in Section 3.2.6, these interspecific differences may have been partly due to the
different mean body sizes for species used in the experimental groups.

Similar statistical results were found for POM filtration rates as for PM filtration rates; i,e,

greater spring and summer filtration rates compared with fall (p=0.0002), and greater (p<0.0001)
POM filtration by Anodonta sp. than for Margaratifera falcata and Gonidea sp.
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Table 18. Filtration rates (mg h™' g™') of seston particulate matter and particulate organic matter
by three species of freshwater mussels in Unionid Mussel Physiology Experiments during 2005-
2006. The same water and seston type was fed to mussels from the river locations where they
were collected. For each row, seasonal differences detected via multiple range analysis (p<0.05)
are denoted with different letters.

Spring Summer Fall

Species and River
Mean SE N Mean SE N Mean SE n

Margaratifera falcata

Middle Fork John Day River

Filtration of Particulate | , ygns | 539 | 20 | 156™ | 033 | 28 | 1.30™ | 045 | 15
Matter (mgh™ g)
Filtration of Particulate ns ns ns
Organic Matter (mg b gy | 051" | 013 | 20 | 0.55™ | 0.41 | 28 | 050" | 015 | 15

North Fork John Day River

Filtration of Particulate

ns ns ns
Matter (mg h” g™) 1.53 0.53 11 1.42 072 | 6 | 050 078 | 5

Filtration of Particulate

ns ns ns
Organic Matter (mg h™ g™ 0.33 0.10 11 0.46 0.14 6 0.12 0.15 5

Gonidea sp.

Middle Fork John Day River

Filtration of Particulate | 4 15 | 534 | 6 | 097™ | 024 | 12 | 022™ | 032 | 7
Matter (mgh™ g)
Filtration of Particulate

A A B
Organic Matter (mg h™' g™) 0.33 0.11 6 0.33 0.08 | 12 | 0.09 0.10 | 7

Anodonta sp.
Middle Fork John Day River

Filtration of Particulate | , gqa | 574 | 42 | 179”8 | 060 | 17 | 0.73% | 099 | 7
Matter (mg h™ g )
Filtration of Particulate ns ns ns
Organic Matter (mg h g'1) 1.02 0.23 12 0.97 0.19 17 | 0.33 0.30 7

Umatilla River

Filtration of Particulate
Matter (mg ht g'1) 2.97 na 1 3.52 0.68 | 10 nd nd 0
Filtration of Particulate

Organic Matter (mgh' g*) | 923 | M@ 1 0.76 | 0.15 | 10 nd nd | O

SE = standard error; n = sample size
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4) Mussel Defecation and Absorption Efficiency

All but two mussels used in Unionid Mussel Physiology (UMP) experiments produced feces, and
no distinguishable pseudofeces were produced in this study, probably because it was generally
conducted under base flow conditions when turbidity was low. Absorption efficiencies were
therefore calculated for all but two mussels for which we have clearance and filtration rate data.
This represents a substantial contribution of data (n=156) on a rarely measured parameter in
freshwater mussels.

In Section 4.1, absorption efficiencies (AE) were statistically analyzed within species, among
species, among rivers, among seasons and between years following a similar analysis strategy as
used for clearance rates. For statistics, all AE data were transformed by arc sine square root
(Sokal and Rohlf, 1980). Body size effects were then examined to determine if they help explain
any of the variability in absorption efficiency. Finally, since no measurable pseudofeces were
produced, weight-specific filtration rates of seston organic matter (Section 3.3) were assumed
equivalent to organic matter ingestion rates and were multiplied by each animal’s absorption
efficiency to calculate net absorption rate (NAR) for organic matter. These values for NAR are
statistically compared in Section 4.2.

4.1 Absorption Efficiencies

Absorption efficiencies (AE) were measured for 156 freshwater mussels in the seven UMP
experiments during 2005-2006, consisting of 85 Margaratifera falcata, 25 Gonidea sp., and 46
Anodonta sp. Appendix D provides all absorption efficiency data paired with other physiological
measurements on the same individuals. The mean AE for all 156 replicates was 24.1%, which is
consistent with the typical range (e.g., 10-50%) of values seen for bivalve molluscs feeding on
natural seston in the field.

4.1.1 Intraspecific Variation in Absorption Rates of Margaratifera falcata

Mean AE for Margaratifera falcata collected from various sites and times of year averaged
31.5% overall but varied widely. The lowest mean AE of mussels from all sites and times was
recorded in March, 2005, from the North Fork John Day (NFJD) (3.6%). Interestingly, the
highest AE of all mussels (75.8%) was also recorded from this river, in March, 2006. This

seems unusual but may reflect the lack of (2005) and abundance of (2006) early spring blooms of
algae which are assimilated and digested with much greater efficiency than bulk seston organic
material which usually consists of a lot of detritus. Indeed, the exceptionally high AE in March
2006 on the NFJD.

In every month sampled, AE differed significantly among sites as tested with ANOVA (p<0.05)
(Table 19.) In four of the five months sampled, the mean AE of M. falcata taken from the
Fishing Hole site on the Middle Fork John Day (MFJD) was significantly greater (p<0.05) than
that of mussels from other sites. In three of the five months, it was even significantly greater
than the mean AE of mussels from upstream on the same river. These data suggest that except
for unusual conditions (e.g. a possible bloom of nutritious algae on the NFJD in March 2006),
the Fishing Hole site appears to either have more readily assimilated seston or the mussels there
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have more active digestive processes.

In comparison the comparatively narrow range of clearance rates measured from M. falcata,
these findings indicate that AE is much more variable throughout the period from March-
October, and the seasonal pattern may reverse from one year to the next. Also, unlike clearance
rates, there was a high degree of spatial variation in AE even within the same river (Table 19.)
Since net food availability for bivalves depends on both ingestion and digestion processes, these
data indicate that AE may be a more variable determinant of nutrition in M. falcata than
clearance rates (see also Conclusions section).

Table 19. Summary statistics for the absorption efficiency (%) of Margaratifera falcata
collected from the North Fork and two sites on the Middle Fork of the John Day River
during 2005-2006. For each date, significant differences (p<<0.05) among mean absorption
efficiencies of mussels from different sites were examined by multiple range analysis and
are denoted as different letters.

Date Mﬁjiglggglrie\lroirr?%kay MiddII:(iesl?(iJr:IEJ ?oor:ﬁ Day North Fork John Day
Mean SE n Mean SE n Mean SE n
l(Jsl\/Asz%J/s% e nd o [ 76" |05 | 8 | 36° | 03 | 7
(Lé?iz/ﬁ?) 523" | 08 5 | 543" | 05 | 11 | 3852 | 06 | 6
(1U o'\//lgljo%) 300° | 03 7 | 602" | 05 7 | 162° | 03 6
(332/'070%) 262 | 1.00 6 |376° | 117 | 6 | 758" | 180 | 4
(52/502) 201° | 06 6 | 526" |080 | 6 nd Nd 0

SE — standard error; n = sample size; ns = not significant; nd= no data.

A two-way ANOVA comparing main effects of both site and month suggested that AE’s of M.
falcata differed significantly (p<0.0001) among the Fishing Hole site (40.9%, n=38) and the
other two sites (Boulder Creek, 24.6%, n=24; NFJD, 29.4%, n=23), which were statistically
similar (p>0.05). This test also indicated that the month effect was highly significant
(p<0.0001). A Tukey’s multiple range analysis showed that AE’s of M. falcata were greatest in
June, 2005 (47.0%, n=22), followed by March 2006 (42.5%, n=16), followed by August, 2006
(39.5%, n=12), then October, 2005 (35.4%, n=20), and the significantly lowest AE’s were 3.8%
in March, 2005, n=15) (Fig. 49).
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Figure 49. Monthly variation in absorption efficiency of Margaratifera falcata sampled from the
Middle and North Forks of the John Day River during 2005-2006. Different letters denote
significant differences as determined by multiple range analyses (ANOVA, a=0.05)

Despite the differences between the AE of mussels taken in March 2005 and March 2006, data
were pooled and contrasted among seasons with another ANOVA. Absorption efficiencies for M.
falcata were significantly lower (ANOVA, p<0.05) in early spring (21.6% *1.7% SE, n=31;
March 2005 and March 2006 combined), compared with summer (46.4% £2.2% SE, n=34; June
2005 and August 2006) and fall (35.5% %2.6% SE, n=20; October 2005).

4.1.2 Intraspecific Variation in Absorption Efficiencies of Gonidea sp.

Mean AE for Gonidea sp. collected from the Fishing Hole site on the Middle Fork John Day
River at different times averaged 48.6% overall, varying from a minimum of 29.5% (March,
2006; the one individual studied in March 2005 had only 12.1% AE) to a maximum of 60.1%
(October, 2005) (Table 20.) This is a much more narrow range compared with Margaratifera
falcata, but only one datum was available for March 2005 which was the time when AE by M.
falcata was lowest.

The absorption efficiency of Gonidea sp. varied significantly among months (ANOVA,
p<0.0001), being greater in October, 2005, than in either June 2005 or August 2006. In March,
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2006, it was significantly lower than all other months (Fig. 50).

Table 20. Summary statistics for the absorption efficiency (%) of Gonidea sp. collected
from the Middle Fork of the John Day River during 2005-2006. Only one individual was
found for study in March 2005, and so that datum was not included in the statistical analysis
although it is shown here.

Fishing Hole
Date Middle Fork John Day
Mean SE N

UMP 1/ 2
(3/22/05) 12.1% nd 1
UMP 3/4 0
(6/22/05) 54.6% 0.56 6

UMP 5

UMP 6 0

UMP 7

SE — standard error; n = sample size; nd= no data.
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Figure 50. Mean absorption efficiency of Gonidea sp. sampled from the Middle Fork John
Day River during 2005-2006. ns = not significant differences as determined by multiple
range analyses (ANOVA, a=0.05)
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4.1.3 Intraspecific Variation in Absorption Efficiencies of Anodonta sp.

Mean absorption efficiencies for Anodonta sp. collected from the Middle Fork John Day (MFID)
and Umatilla Rivers at different times of year varied widely and appeared to be significantly
different between rivers (Table 21).. In the MFJID, seasonal trends in AE tended to follow those
seen for the other two genera, being lower in early spring (10.5% and 32.2% in March of 2005
and 2006, respectively) and increasing during the growing season (up to 60.5% in October
2005). However, AE for Anodonta sp. In the Umatilla (studied only in 2006) never eclipsed
10% even in August. These findings indicate that AE varies widely among months, but
Anodonta sp. is capable of feeding and assimilating dietary material throughout the full period
from March to October, like the other two mussel species. However, the food resources of the
Umatilla River were poorly absorbed in comparsion to those in the MFID.

As noted in Section 2.2.4 above, the Umatilla appeared to contain two different forms of
Anodonta sp. However, it is not likely that any potential species differences contributed to the
substantially lower AE by mussels therein because data shown in Table 21 are for all Anodonta
combined.

Table 21. Summary statistics for the absorption efficiency (%) of Anodonta sp. (all
varieties) collected from the Middle Fork of the John Day River during 2005-2006 and the
Umatilla River during 2006. For each date, significant differences (p<0.05) among mean
clearance rates of mussels from different sites were examined by multiple range analysis
and are denoted as different letters.

Middle Fork John Day Umatilla
Date
Mean SE n Mean SE n
UMP 1/ 2
UMP 3/4
UMP 5
(10/9/05) 60.5 294 | 7 nd Nd 0
UMP 6 A B
(3/20/06) 322 3.06 4 | 715 - 1
UMP 7 A B
(8/24/06) 40.4 2.37 8 | 952 0.33 8

SE — standard error; n = sample size; ns = not significant;, nd= no data.
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Like for the other genera, the absorption efficiency of Anodonta sp. varied significantly among
months (ANOVA, p<0.0001), being greater in June and October, 2005, than in March of either
year or August 2006 (Fig. 51). Since mussels from the Umatilla consisted partly of the form
presumed to be 4. oregonensis and the MFJD consisted solely of 4. californianus, it is possible
that the effects of river and species form on AE interacted in August 2006; nevertheless, all
Anodonta sp. from the Umatilla had low AE (Table 21).
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Figure 51. Mean absorption efficiency of Anodonta sp. sampled from the Middle Fork John
Day River during 2005-2006. Significant differences were determined by multiple range
analyses (ANOVA, a=0.05)

Since the Umatilla River mussels were larger in body size, which has already been shown to
affect feeding rates, it is important to compare absorption efficiencies for similar-sized mussels
of the two different Anodonta forms. Comparing only the 4. californianus form between rivers
(i.e. the only species common to both rivers and tested in August 2006), the difference between
rivers was still highly significant (p<0.0001; 53.1% AE from MFJD; 9.0% AE from Umatilla).
These findings and additional tests suggest that the mussels in the Umatilla River do in fact have
lower seston absorption efficiencies than mussels from the MFJD River, unrelated to species
form or body size effects.

A three-way ANOVA comparing main effects of river, season, and species form for Anodonta

suggested that AE’s differed significantly for the main effect of season (p<0.0001) and river
(p<0.0001), but not between the 4. oregonensis and A. californianus forms (p>0.05). As noted
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above, the Umatilla River held mussels that absorbed seston matter with much lower efficiency
than the MFJD. Seasonal variation was characterized by low AE in the early spring (5.0%
10.2%, n=12), high AE in summer (29.9% £1.0%, n=26) and still higher AE in fall (37.7%
1+0.8%, n=7.)

4.1.4 Body Size Effects on Absorption Efficiencies

Whereas measurements of feeding rates of freshwater mussels are becoming more widespread in
the literature, absorption efficiencies have not been reported for many species including those
examined in this study. Even fewer studies have examined how post-ingestion material
processing (e.g., digestion and absorption) differs among species, rivers, or developmental stage
(i.e., age.). To deduce whether absorption efficiency varies with age, least squares linear
regression was used to test for significant relationships between the species-specific AE’s and
body size. For all three species, M. falcata, Gonidea sp., and Anodonta sp. (only MFJD mussels
were examined to separate river effects), AE tended to decrease when correlated with both shell
height (log-transformed) and dry tissue weight (log transformed.) In all cases, the slope was
negative. However, in no case was the slope significant (p>0.05.) Therefore, body size (age) was
not as an
important factor in
determining AE’s B Margaratifera falcata
as it was for B Gonidea sp.
clearance rate. The B0 B Anodonta sp.

mean AE for
major size classes
of mussels of each
species are shown
in Figure 52.

Absortpion Efficiency (mean % +SE)

<50 mm 50-60 mm 60-70 mm >70 mm
Shell Height

Figure 52. Mean absorption efficiency of seston by different size classes
of Margaratifera falcate, Gonidea sp. and Anodonta sp. from the Middle
Fork And North Fork John Day Rivers during 2005-2006.
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4.1.5 Interspecific Variation in Absorption Efficiency

Differences in AE were compared among species by two-way ANOVA with main effects of
species and season (body size was not a significant factor, see Section 4.1.4.) For these
interspecific comparisons of AE’s, the 2006 data for the Umatilla River was not included
because of the major river effect (See Sections 4.1.3 and 4.1.6). The results indicated that both
species (p=0.002) and season (p<0.0001) significantly affected mean AE, and these two main
effects also interacted significantly (p=0.016). Therefore, interspecific comparisons were
undertaken for each season with separate 1-way ANOVA’s. In spring, no significant differences
in AE were detected among the three species (Fig. 53). However, in both summer (p=0.0027)
and fall (p=0.0004), the mean AE was significantly lower for Margaratifera falcata than for
Gonidea and Anodonta sp., which were similar (Fig. 53). On an annual basis, this interspecific
difference in AE was significant (p=0.002) with Gonidea sp. (46.3 £2.2% SE, n=25) and
Anodonta sp. (43.0 £1.9% SE, n=34) being similar (p>0.05) and greater than for Margaratifera
falcata (34.1 £1.0% SE, n=85).

B Margaratifera falcata
I Gonidea sp.
B Anodonta sp.

60 .........

40 .................................................................

20 ..................................................

Absortpion Efficiency (mean % +SE)

Spring Summer Fall

Figure 53. Mean absorption efficiency of seston by Margaratifera falcata, Gonidea sp. and
Anodonta sp. from the Middle Fork and North Fork John Day Rivers during different seasons
in 2005-2006. For each season, significant differences among species are denoted by different
letters above bars as determined by multiple range analysis. ns=not significant (p>0.05.)
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4.1.6 Variation in Absorption Efficiency Among Seasons

Seasonal variation in AE is summarized per species in Section 4.1.5. The two-way ANOVA
described in that section showed that seasonal variation was the most significant factor in

determining AE (p<0.0001). Pooled AE’s among all sites and species (except the Umatilla in
2006 which was very different) differed by season as follows: spring (21.6 £1.4% SE, n=48)

was significantly lower (p<0.05) than either summer (51.3 £1.5% SE, n=62) or fall (52.0 £2.1%

SE, n=34), which were similar.

The mean AE of ~50% in summer
and fall was moderate to high
compared to typical AE’s (20-50%)
for bivalves feeding on natural
seston, which usually contains a
large amount of refractory detrital
matter. These data suggest that all
three species of freshwater mussels
in the Middle and North Fork of the
John Day Rivers typically receive a
nutritious diet that can be captured
and digested particularly during the
peak of the growing season when
the seston organic content is highest
(Fig. 53.)

The absorption efficiency also
varied with seston composition. A
least squares linear regression
comparison of mussel absorption
efficiency (AE) with the percentage
seston organic content (OC) was
highly significant (Fig. 54) with the
positive relationship summarized as
follows:

AE (%) =(121x0C)—41.7

(0]
o

(o))
o

Absorption Efficiency (%)
S S

o

Seston Organic Content (%)

Figure 54. Regression relationship between the
absorption efficiency of seston by 155 freshwater
mussels from eastern Oregon rivers and the organic
content of seston from their source streams used in
physiology experiments (slope p<0.0001, R* 65.6%).

Conversely, mussel AE was inversely related to the total concentration of seston particulate

material (PM) (Fig. 55) as follows:

AE (%) = (-24.8 x PM ) + 56.0

These findings indicate that dietary factors as well as temperature and species are important for
predicting how readily dietary material is taken across the gut lumen in eastern Oregon mussels.
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Figure 55. Regression relationship between the
absorption efficiency of seston by 155 freshwater

eastern Oregon rivers and the

concentration of particulate seston from their source
streams used in physiology experiments (slope

69.6%.)

4.1.7 Variation in Absorption Efficiency Among Rivers

River effects on mussel absorption efficiency were most evident when comparing the 2006 data

from the Umatilla River to the John Day rivers, as already discussed in Section 4.1.3 and
summarized in Table 21 for Anodonta sp. living in both systems. Floaters from the Umatilla
only managed 9.5% AE in August 2006, whereas, floaters from the Middle Fork John Day
(MFJD) averaged more than 40% AE at the same time (significantly, p>0.05.)
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The only other river effect that was detected was regarding the AE for Margaratifera falcata
which had a significantly (p=0.015) higher AE by mussels taken from the North Fork John Day
(NFJD) River (37.9%, n=62) than the MFJD River (25.1%, n=23.) This difference was strongest
in the fall (p=0.0002), moderate but still significant (p=0.039) in the summer, and not significant
in the spring (p>0.05). Since temperatures were similar between the MFJD and NFJD rivers in
each experiment, these river effects on M. falcata AE likely resulted from the differences in
seston quality since the seston organic content was much lower in the MFJD (46%) than NFJD in
fall (76%,) somewhat lower in the summer (64% vs 77%, respectively) and not significantly
different in the spring (55% in both rivers). Similarly, the much lower AE for Anodonta sp.
living in the Umatilla (<10% in March and August 2006) may also have resulted from the
significantly lower seston organic content there (<50%) compared with that in the MFJD (75%)
at the same time which was absorbed by Anodonta sp. with >40% efficiency.

4.2 Net Absorption Rates

Net absorption rates (NAR’s) for dietary carbon are calculated by multiplying carbon filtration
rates (mg C h™' g”! dry tissue) by the corresponding absorption efficiency (%) of the same animal.
Assuming no pseudofeces were produced, which were not detected in any of these experiments,
the calculated NAR represents the organic carbon that was extracted by digestive processes,
absorbed across the gut lumen and available for intracellular processing. Absorbed material can
be either excreted (typically a nitrogen loss in the form of ammonia and so little carbon is
excreted, see Section 4.3), catabolized for energy (typically a carbon loss through respiration, see
Section 4.4), or used for growth and reproduction. NAR therefore corresponds to the net carbon
from dietary material that is filtered, digested and absorbed, and hence available for catabolic or
anabolic processes important for maintenance and growth. Carbon is used as a unit of currency
rather than bulk organic matter because the scope for growth calculation is determined from the
energy (carbon) budget. In general, the carbon content is approximately equal to 50% of the
particulate organic component of seston.

Table 21a summarizes how the net carbon absorption rate (NAR) varied with season, river and
mussel species. All three main effects were significant as determined with a 3-way ANOVA.
Seasonal variability in NAR (averaged for all species and sites) was characterized by highest
values in summer (mean = 0.15 mg C h”' g”' DW; £0.04; n=72), which were significantly greater
(p=0.01) than in spring or fall (<0.05mg C h™ g DW). However, it is not appropriate to
examine seasonal variation without discerning among rivers because river source elicited the
strongest significant variation in NAR (p=0.0009). Indeed, the mean annual NAR for all mussels
in the MFID (0.21 mg C h™' g DW; £0.03; n=121) was nearly double that for the NFJD (0.12
mg C h™! g DW; £0.06; n=23) and the NAR for mussels from the Umatilla (n=11) was not
significantly different from zero when averaged annually. This clearly supports the finding that
food conditions in the Umatilla were suboptimal for sustaining unionid carbon balance. To
further investigate the river effect, interactions from species were removed by contrasting NAR
between Anodonta sp. from the MFJD and Umatilla (Fig. 56), showing that these differences
transcended the period spring to summer.
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Due to the strong river effects and weak season effects, interspecific variation in NAR was best
determined by comparing NAR among species in the one river where they were found together,
the MFJD (Fig. 57). In summer, Anodonta sp. had a significantly greater (p=0.01) NAR for
carbon than the other two genera, but there were no significant differences among genera in
spring and fall.

Table 21a. Net absorption rates (mg C h™' g DTW™) of seston particulate organic carbon by
three species of freshwater mussels in Unionid Mussel Physiology Experiments during 2005-
2006. For each row, seasonal differences detected via multiple range analysis (p<0.05) are
denoted with different letters.

Spring Summer Fall

Species and River
Mean SE N Mean SE N Mean SE n

Margaratifera falcata

Middle Fork John Day River

Net Absorption Rate of

Organic Matter (mg C h™" ") 0.11 0.07 20 0.26 0.06 | 28 | 0.29 0.08 | 14

North Fork John Day River

Net Absorption Rate of

ns ns ns
Organic Matter (mg C h™" ") 0.09 0.04 11 0.19 0.05 | 6 | 0.02 0.05 | 6

Gonidea sp.

Middle Fork John Day River

Net Absorption Rate of

ns ns ns

Anodonta sp.
Middle Fork John Day River

Net Absorption Rate of i ns .
Organic Matter (mg C h™" g™ 0.23 0.11 11 0.49 0.09 | 16 | 0.20 013 | 7

Umatilla River

Net Absorption Rate of

Organic Matter (mg C h" ") 0.04 na 1 0.07 0.02 | 10 nd nd 0

SE = standard error; n = sample size
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Figure 56. Net carbon absorption rate of seston by Anodonta sp.
from the Middle Fork John Day River and the Umatilla River
during different seasons, averaged over 2005-2006.
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Figure 57. Average net carbon absorption rate of seston by Margaratifera
falcata, Gonidea sp. and Anodonta sp. from the Middle Fork John Day River during
different seasons in 2005-2006. For each season, significant differences among
species are denoted by different letters above bars as determined by multiple range
analysis. ns=not significant (p>0.05.)
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5) Mussel Excretion

Excretion rates of ammonia represent energetic losses associated with routine metabolism and
are generally higher at times when protein is being used as an energy source in addition to
biosynthesis. Table 22 summarizes how ammonia excretion varied with season, river and mussel
species. In a 3-way ANOVA comparing main effects of species, season and river, no significant
river effect (p>0.05) was detected, whereas species (p=0.012) and season (p<0.0001) were
significantly different in ammonia excretion rates.

Table 22. Ammonium-nitrogen excretion rates (ug-at NHs-N h™' g™!) by three species of
freshwater mussels in Unionid Mussel Physiology Experiments during 2005-2006. For each
row, seasonal differences detected via multiple range analysis (p<0.05) are denoted with
different letters.

Spring Summer Fall
Species and River

Mean SE N Mean SE N Mean SE n

Margaratifera falcata

Middle Fork John Day River

NH4-N Excretion Rate
(ug-at N h™" g7

North Fork John Day River

3258 | 178 | 22 | 863" | 209 | 16 | 108.0" | 23.2 | 13

NH4-N Excretion Rate

B A AB
(ug-at N h' g™ 19.8 8.9 15 85.5 14.0 6 | 484 13.0 7

Gonidea sp.

Middle Fork John Day River

NH4-N Excretion Rate
(ug-atN h' g”)

49° | 84 3 806" | 55 7 | 53.7% | 55 7

Anodonta sp.
Middle Fork John Day River

NH4-N Excretion Rate
(ug-at N h™" g™

Umatilla River

54.1% | 16.7 14 | 131.6" | 174 | 13 | 123.1% | 237 | 7

NH4-N Excretion Rate

(“g‘at N h-1 g-1) 74.8 na 2 = - - = - -

SE = standard error; n = sample size

Seasonal variability in ammonia excretion was characterized by highest values in summer (mean
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= 96.6 png-at NH4-N h™' ¢! DW; +£10.2; n=42), which were not significantly different (p>0.05)
from fall (mean = 89.5 pg-at NH4-N h™' g DW; +11.3; n=34). Significantly lower (p<0.05)
ammonia excretion rates were recorded over all species in spring (mean = 30.4 pg-at NH4-N h™!
g DW; +9.9; n=56).

Interspecific variation in ammonia excretion was less pronounced but significant (p<<0.05) across
all seasons and rivers. Highest average ammonia excretion rates were recorded for Anodonta sp.
(mean = 103.0 pg-at NH4-N h' ¢! DW; +£10.7; n=36), which were significantly greater than for
both Margaratifera falcatus (mean = 67.2 pg-at NH4-N h™' ¢! DW; £7.3; n=79) and Gonidea
(mean = 46.3 pg-at NH4-N h™' ¢! DW; +£15.5; n=17), which were not significantly different.

The relative effects of season and species did not significantly interact, following a similar
interspecific pattern in every season (Fig. 58). However, when analyzed by one-way ANOV As
per season, the interspecific differences were found not to be significant in the fall (Fig. 58).

160

H Margaratifera falcata
140-f- B Gonidea sp.
E Anodonta sp.
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Excretion Rate (ug-at NH,-N h'1 g”' DW +SE)

0-

Spring Summer Fall
Figure 58. Average excretion rate of ammonium-nitrogen by Margaratifera falcata,
Gonidea sp. and Anodonta sp. from the Middle Fork John Day River during different seasons in

2005-2006. For each season, significant differences among species are denoted by different
letters above bars as determined by multiple range analysis. ns=not significant (p>0.05.)
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6) Mussel Respiration

Respiration was assessed by measuring the oxygen consumption rates of freshwater mussels
from the various rivers. Oxygen consumption was only assessed during the three seasons in
2005 and no Umatilla River animals (2006) are therefore included in this analysis. Due to the
difficulty of measuring respiration, levels of replication were lower than for other physiological
rate functions. Respiration rate measurements also tend to be more variable among individuals
than rates for feeding, defecation and ammonia excretion.

Nevertheless, significant seasonal differences (p<<0.05) were detected when oxygen consumption
rates were compared using a 3-way ANOVA with main effects of season, species and river.
Mean oxygen consumption rates were significantly lower in early spring (5.2 ml O, h™' g DW;
+13.4; n=15) than during summer (39.4 ml O, h"' g DW; £10.5; n=33) or fall (39.9 ml O, h™' g’
DW; £11.8; n=20).

Table 23. Oxygen consumption rates (ml O, h™' g™') by three species of freshwater mussels in
Unionid Mussel Physiology Experiments during 2005. For each row, seasonal differences
detected via multiple range analysis (p<0.05) are denoted with different letters.

Spring Summer Fall
Species and River

Mean SE N Mean SE N Mean SE n

Margaratifera falcata

Middle Fork John Day River

Oxygen Consumption Rate

ns ns ns
(ml o, h' g 11.3 23.7 6 38.7 16.7 | 12 | 67.9 21.9 7

North Fork John Day River

Oxygen Consumption Rate

(i O, h" g) 105™ | 224 | 5 |[564™ | 251 | 4 | 150™ | 224 | 5

Gonidea sp.

Middle Fork John Day River

Oxygen Consumption Rate

o et 7.1 - 1 | 380 79 | 6 | 300 97 | 4

Anodonta sp.
Middle Fork John Day River

Oxygen Consumption Rate

ns ns ns
(ml O, h' g 8.5 17.2 3 53.3 9.0 11 | 52.4 149 | 4

SE = standard error; n = sample size
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When examined per species, seasonal variability was not significant (Table 23, 1-way ANOVA:s,
p>0.05) due to high variability and low replication. There was no significant interspecific
difference in oxygen consumption rates analyzed within each season (Fig. 59, 1-way ANOVAs,
P>0.05). Oxygen consumption rates therefore appeared to be more uniform per dry tissue mass
among species and rivers, but seasonally variable likely because of changing water temperatures.
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Figure 59. Average oxygen consumption rate by Margaratifera falcata, Gonidea
sp. and Anodonta sp. firom various rivers during different seasons in 2005. For each
season, significant differences among species are denoted by different letters above
bars as determined by multiple range analysis. ns=not significant (p>0.05.)
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7) O:N Ratios

Ratios of oxygen consumption to ammonia excretion (O:N ratios) are useful indicators of protein
balance in suspension-feeding bivalves (Kreeger and Langdon 1994), with low values <15
typically reflecting metabolic use of dietary protein for general catabolic needs and high values
>20 typically reflecting protein conservation (“protein sparing”). No published data exist for O:N
ratios in freshwater mussels, however data for marine species of bivalves has suggested that O:N
ratios can vary seasonally in relation to changing nutritional demands or food conditions
associated with reproductive cycling (Kreeger 1993).

Interestingly, O:N ratios measured for the three species of freshwater mussels in this study did
not vary significantly (3-way ANOVA, p>0.05) among species, rivers, or seasons. However, all
mean values were greater than 30 (Table 24), suggesting that dietary protein was being
conserved from catabolism at all times in rivers of eastern Oregon. This could result from
reliance on a natural diet consisting of riverine detritus dominated by leaf litter in the Middle

Table 24. Ratios of oxygen consumption rates (ug-at O,-O h™' g) to ammonium-nitrogen
excretion rates (pg-at NH4-N h™' g) by three species of freshwater mussels in Unionid
Mussel Physiology Experiments during 2005. For each row, seasonal differences detected
via multiple range analysis (p<0.05) are denoted with different letters.

Spring Summer Fall

Species and River
Mean SE N Mean SE N Mean SE n

Margaratifera falcata

Middle Fork John Day River

O:N Ratio

. 40.8™ | 123 6 37.7"™ 8.7 12 | 37.3™ | 123 6
(gram atomic)

North Fork John Day River

O:N Ratio
(gram atomic)

59.8™ | 26.9 3 53.6™ | 20.8 | 4 20.8™ | 20.9 5

Gonidea sp.

Middle Fork John Day River

O:N Ratio
(gram atomic)

456" - 1 30.4"™ 6.8 6 385" 8.3 4

Anodonta sp.
Middle Fork John Day River

O:N Ratio

. 43.8™ | 13.8 3 245" 7.2 11 | 40.7™ | 120 | 4
(gram atomic)

SE = standard error; n = sample size
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Fork and North Fork John Day Rivers where these measurements were undertaken (no
respiration rates were measured in 2006 when the Umatilla treatments were included).

Although not significantly different seasonally for any species (1-way ANOVAs, Table 24), it
was notable that spring O:N ratios were always the highest of the seasonal means and always
>40. This finding would be consistent with marine mussels which typically have higher O:N
ratios during spring when protein demands are higher due to the biosynthesis needs associated
with gametogenesis (Kreeger 1993, Kreeger et al. 1995).

I Margaratifera falcata
E Gonidea sp.
EE Anodonta sp.

60-

40

O:N Ratio

20-
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Spring Summer Fall
Figure 59. Average O:N ratio for Margaratifera falcata, Gonidea sp. and
Anodonta sp. during different seasons in 2005. For each season, significant
differences among species are denoted by different letters above bars as determined
by multiple range analysis. ns=not significant (p>0.05.)

8) Scope-for-Growth

The energy budget was constructed for each freshwater mussel for which all parameters were
measured: consumption rate (C), defecation rate (F), respiration rate (R), and excretion rate (E).
Since respiration rates were not recorded in 2006 experiments, the energy budget was therefore
examined only during spring (late March), summer (June) and fall (October) in 2005.

As noted in the methods, consumption (C) was assumed equivalent to the ingestion rate since no
pseudofeces were observed to be produced. Ingestion of particulate organic matter (POM) was
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calculated by multiplying the filtration rate (L h-' g DW, calculated with allometric scaling for
body size) by the concentration of POM in the dietary seston (mg POM L), which was obtained
from the rivers where the mussels were collected. The standard convention of 50% carbon
content in natural particulate organic matter and 19.43 Joules of energy per milligram carbon
was then used to calculate consumption rate as Joules h™' g™ dry tissue weight of mussel.

C(Uh'g'DW)=FR (Lh-' g' DW)x POM (mg L") x 0.5 (mg C mg"' POM) x 19.43 J mg"
1
C

Defecation (F) was determined indirectly as the difference between C and net absorption rate
(NAR), which was calculated by multiplying C by the measured absorption efficiency (AE, %)
(see above):

FUh'g'DW)y=C(Jh'g'DW)-[C (U h' g' DW)x AE (%) ]

Respiration (R) was measured directly as oxygen consumption rate (ml O, h™' g DW), scaled
for allometric body size variability, and then multiplied by a standard oxycaloric conversion
factor of 19.43 Joules per ml O, consumed (Brett 1985).

R (Jh' g DW) = Oxygen consumption (ml O, h™' g’ DW) x 19.43 J ml" O,

Similarly, excretion (E) was measured directly as ammonia excretion rate (ug N h-' g' DW),
scaled for allometric body size variability, and then multiplied by a standard oxycaloric
conversion factor of 24.87 Joules per mg N excreted (Elliot and Davidson, 1975).

E(Jh' ¢! DW)= Ammonia-N excretion (mg NH;-N h”' g DW) x 24.87 I mg' N

The scope for growth (SFG) was then estimated as the net energy remaining for growth and
reproduction after all loss terms were accounted for:

SFG(Jh' g' DW)=C—-(F+R+E)

The energy budgets were able to be fully constructed for 60 freshwater mussels, as summarized
in Table 25. Note that for some individuals, the net energy available for growth and
reproduction (scope for growth, also called production rate) was negative. This suggests that at
the time the experiment was conducted, the maintenance energy demands for those animals
exceeded the net energy absorption rate from use of dietary material. Bivalve mollusks have the
capability of sequestering energy stores as a seasonal strategy for sustaining maintenance
metabolism during times when feeding activity is reduced such as in winter or during disturbance
events. In this study, four animals had a negative SFG in March, one in June, and four in
October; therefore, this likely reflects the seasonality of energy balance as well as the normal
variability associated with energetic studies. It also cannot be ruled out that handling stress
could have affected the physiological activity of a few animals despite every attempt to
reproduce natural food, water and temperature conditions in the laboratory.
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Table 25. Energy budgets for 60 freshwater mussels representing three species from the
Middle Fork and North Fork John Day Rivers of eastern Oregon measured during three

seasons in 2005. C=consumption rate, NAR = net absorption rate, R = respiration rate, E =

excretion rate, F = defecation rate, and SFG = scope for growth (a.k.a. production rate).

Energy Budget Component (Joules h™" mg™ Dry Tissue Weight)

Shell
Experiment | Mussel Length  Dry Tissue

Date Name' 1D Mussel Species River (mm) Weight (g9) © - R = > g€
3/23/05 UMP 1 F-9 Margaratifera falcata |John Day, Middle Fork, Fishing Hole 45.48 0.54273 24.11 2.14 0.01 0.02 21.98 2.11
3/23/05 UMP 1 N48  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 61.8 0.93755 6.16 0.38 0.14 0.02 5.78 0.22
3/23/05 UMP 1 ALS-83 Margaratifera falcata |John Day, Middle Fork, Fishing Hole 75.47 1.22456 3.38 0.24 0.05 0.01 3.14 0.19
3/23/05 UMP 1 F-5  Anodonta sp. John Day, Middle Fork, Fishing Hole 39.5 0.35918 23.23 2.50 0.13 0.02 20.73 2.35
3/23/05 UMP 1 N61  Anodonta sp. John Day, Middle Fork, Fishing Hole 48.05 0.4999 19.54 211 0.08 0.02 17.42 2.01
3/23/05 UMP 1 N72  Anodonta sp. John Day, Middle Fork, Fishing Hole 55.99 0.66466 1.92 0.19 0.28 0.02 1.72 -0.10
3/23/05 UMP 1 N37  Gonidea sp. John Day, Middle Fork, Fishing Hole 72.84 1.29061 8.11 0.98 0.14 0.01 7.13 0.83
3/23/05 UMP 2 N57  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 46.26 0.43267 4.06 0.15 0.67 0.03 3.91 -0.54
3/23/05 UMP 2 N16  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 74.13 1.25969 14.04 1.14 0.11 0.02 12.89 1.01
3/23/05 UMP 2 N35  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 59.02 0.81548 9.10 0.83 0.34 0.03 8.28 0.46
3/23/05 UMP 2 N69  Margaratifera falcata |John Day, North Fork 60.35 0.92344 4.13 0.04 0.11 0.01 4.09 -0.08
3/23/05 UMP 2 F-4  Margaratifera falcata |John Day, North Fork 53.33 0.63278 27.94 1.14 0.43 0.02 26.80 0.68
3/23/05 UMP 2 ALS-94 Margaratifera falcata |John Day, North Fork 89.02 1.70435 1.27 0.06 0.07 0.01 1.21 -0.03
6/22/05 UMP 3 1003  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 44.88 0.47205 15.03 8.13 0.83 0.13 6.90 7.17
6/22/05 UMP 3 1004  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 52.05 0.58172 5.60 3.00 0.21 0.09 2.60 2.70
6/22/05 UMP 3 1006  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 69.22 1.23568 2.67 1.50 0.58 0.09 1.17 0.83
6/22/05 UMP 3 1007  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 71.26 1.3446 2.36 1.30 0.63 0.09 1.07 0.57
6/22/05 UMP 3 1008  Anodonta sp. John Day, Middle Fork, Fishing Hole 33.41 0.13307 34.20 18.76 0.50 0.27 15.44 17.99
6/22/05 UMP 3 1010  Anodonta sp. John Day, Middle Fork, Fishing Hole 37.72 0.22439 14.94 8.36 1.33 0.20 6.58 6.83
6/22/05 UMP 3 1012 Anodonta sp. John Day, Middle Fork, Fishing Hole 47.93 0.40515 3.12 1.77 0.92 0.17 1.35 0.67
6/22/05 UMP 3 1013  Anodonta sp. John Day, Middle Fork, Fishing Hole 49.39 0.44121 7.45 4.03 1.08 0.14 3.42 2.81
6/22/05 UMP 3 1014  Anodonta sp. John Day, Middle Fork, Fishing Hole 49.61 0.41578 10.00 5.65 1.04 0.18 4.35 4.44
6/22/05 UMP 3 1015 Gonidea sp. John Day, Middle Fork, Fishing Hole 47.62 0.50267 5.22 2.85 1.04 0.11 2.37 1.70
6/22/05 UMP 3 1017  Gonidea sp. John Day, Middle Fork, Fishing Hole 57.65 0.82887 3.29 1.82 1.10 0.13 1.47 0.59
6/22/05 UMP 3 1018  Gonidea sp. John Day, Middle Fork, Fishing Hole 65.39 0.9625 2.70 1.44 1.19 0.09 1.27 0.16
6/22/05 UMP 3 1019  Gonidea sp. John Day, Middle Fork, Fishing Hole 67.73 1.22225 0.85 0.46 0.30 0.12 0.39 0.04
6/22/05 UMP 3 1021  Gonidea sp. John Day, Middle Fork, Fishing Hole 79.29 2.18877 1.33 0.75 0.10 0.09 0.58 0.56
6/22/05 UMP 4 1049  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 60.3 0.86587 8.64 4.59 0.65 0.08 4.05 3.85
6/22/05 UMP 4 1050  Margaratifera falcata [John Day Middle Fork, Wildcat Point 68.87 1.10356 1.96 1.05 0.52 0.08 0.91 0.45
6/22/05 UMP 4 1051  Margaratifera falcata |John Day Middle Fork, Wildcat Point 71.95 1.43865 1.98 1.06 0.78 0.07 0.92 0.22
6/22/05 UMP 4 1052  Margaratifera falcata [John Day Middle Fork, Wildcat Point 80.39 1.74088 1.55 0.84 0.56 0.07 0.70 0.21
6/22/05 UMP 4 1053  Anodonta sp. John Day Middle Fork, Wildcat Point 47.72 0.32988 10.72 5.87 1.82 0.19 4.85 3.86
6/22/05 UMP 4 1054  Anodonta sp. John Day Middle Fork, Wildcat Point 50.27 0.56417 1.12 0.62 0.48 0.17 0.49 -0.03
6/22/05 UMP 4 1056  Margaratifera falcata |John Day Middle Fork, Big Boulder Crk 37.14 0.24683 15.74 8.23 1.39 0.15 7.51 6.69
6/22/05 UMP 4 1057  Margaratifera falcata |John Day Middle Fork, Big Boulder Crk 54.18 0.62431 4.53 2.35 1.92 0.06 2.18 0.36
6/22/05 UMP 4 1058  Margaratifera falcata |John Day Middle Fork, Big Boulder Crk 68.2 1.32746 4.07 2.14 0.36 0.07 1.92 1.71
6/22/05 UMP 4 1060  Margaratifera falcata |John Day Middle Fork, Big Boulder Crk 99.14 0.86658 5.94 3.13 0.57 0.26 2.81 2.30
6/22/05 UMP 4 1061  Anodonta sp. John Day Middle Fork Ritter Hot Spring§ ~ 35.65 0.15057 13.30 7.30 2.01 0.33 6.01 4.96
6/22/05 UMP 4 1062 Anodonta sp. John Day Middle Fork Ritter Hot Springg 48.9 0.81901 3.59 1.62 0.17 0.09 1.97 1.37
6/22/05 UMP 4 1064 Margaratifera falcata |John Day, North Fork 36.99 0.22541 18.95 8.48 0.11 0.25 10.46 8.13
6/22/05 UMP 4 1066  Margaratifera falcata |John Day, North Fork 63.65 2.85904 2.93 0.99 0.30 0.03 1.94 0.66
6/22/05 UMP 4 1068  Margaratifera falcata |John Day, North Fork 80.74 1.65206 5.53 1.91 0.11 0.07 3.63 1.72
6/22/05 UMP 4 1069  Margaratifera falcata |John Day, North Fork 83.83 1.67677 5.48 1.98 3.87 0.10 3.50 -1.99
10/9/05 UMP 5 2985  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 53.96 0.65858 9.56 5.53 1.12 0.12 4.03 4.30
10/9/05 UMP 5 2989  Margaratifera falcata |John Day, Middle Fork, Fishing Hole 85.28 2.44109 1.05 0.64 0.37 0.07 0.40 0.20
10/9/05 UMP 5 2990 Anodonta sp. John Day, Middle Fork, Fishing Hole 36.24 0.21233 10.67 6.42 1.15 0.25 4.26 5.01
10/9/05 UMP 5 2992  Anodonta sp. John Day, Middle Fork, Fishing Hole 39.92 0.2734 6.92 4.15 0.23 0.13 277 3.79
10/9/05 UMP 5 2995  Anodonta sp. John Day, Middle Fork, Fishing Hole 47.95 0.50312 2.97 1.77 1.50 0.07 1.20 0.20
10/9/05 UMP 5 2996  Anodonta sp. John Day, Middle Fork, Fishing Hole 48.51 0.56753 4.66 2.89 1.19 0.15 1.77 1.55
10/9/05 UMP 5 2999  Gonidea sp. John Day, Middle Fork, Fishing Hole 57.31 0.94179 1.90 1.14 0.63 0.08 0.76 0.43
10/9/05 UMP 5 3000 Gonidea sp. John Day, Middle Fork, Fishing Hole 60.89 1.06627 1.76 1.09 0.78 0.09 0.68 0.22
10/9/05 UMP 5 693  Gonidea sp. John Day, Middle Fork, Fishing Hole 73.03 1.63361 1.51 0.93 0.61 0.06 0.58 0.26
10/9/05 UMP 5 694  Gonidea sp. John Day, Middle Fork, Fishing Hole 77.39 2.6579 0.87 0.52 0.31 0.05 0.36 0.16
10/9/05 UMP 5 697  Margaratifera falcata |John Day Middle Fork, Big Boulder Crk 65.34 1.06697 3.20 0.98 0.28 0.04 2.22 0.66
10/9/05 UMP 5 700  Margaratifera falcata |John Day Middle Fork, Big Boulder Crk 70.05 1.1414 4.22 1.23 0.77 0.06 2.99 0.40
10/9/05 UMP 5 702  Margaratifera falcata |John Day Middle Fork, Big Boulder Crk 78.7 1.66825 1.89 0.57 0.35 0.04 1.32 0.18
10/9/05 UMP 5 703  Margaratifera falcata |John Day, North Fork 60.61 0.9109 3.34 0.57 0.20 0.07 2.77 0.30
10/9/05 UMP 5 705  Margaratifera falcata |John Day, North Fork 67.28 1.20233 3.42 0.54 0.49 0.07 2.88 -0.02
10/9/05 UMP 5 706  Margaratifera falcata |John Day, North Fork 74.09 1.48121 1.37 0.22 0.41 0.07 1.16 -0.26
10/9/05 UMP 5 709 Margaratifera falcata |John Day, North Fork 93.87 2.99965 0.45 0.07 0.21 0.06 0.38 -0.20
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A three-way ANOVA comparing main effects of species, river and season on scope for growth
suggested that river (NFJD versus MFID for Margaratifera falcatus) was not a significant factor.
However, scope for growth did vary significantly among species and seasons, as evident in
Figure 60. Not surprisingly, scope for growth was much greater during summer (2.63 Jh' g
DW; £0.53, n=30) than during spring (0.67 T h™ g DW; £0.81, n=13) or fall (1.12 T h™' g"' DW;
+0.68, n=17) (p<0.05). This tended to correlate with temperature, 5°C in early spring, 21°C in
summer, and 11°C in fall.

Interspecific differences in scope for growth were even more notable (p=0.0008) when assessed
in a 2-way ANOVA (river effect removed). Indeed, the mean annual scope for growth for ten
Gonidea sp. was significantly lowest, averaging 0.50 JTh™ g”' DW (+0.88, n=10), which was
much lower than the mean of 1.33 Jh™' g”' DW (+0.48, n=34) for Margaratifera falcatus, which
was significantly higher (p<0.05) than for Gonidea sp. The scope for growth for Anodonta sp.
averaged 3.61 Jh™' g DW (+0.70, n=16), which was significantly greater (p<0.05) than for M.
falcatus.

HEE Margaratifera falcata
EE Gonidea sp.
EE Anodonta sp.

»

N

Scope for Growth (J h”" g”' DW)

0-
Spring Summer Fall
Figure 60. Scope for Growth for Margaratifera falcata, Gonidea sp. and
Anodonta sp. during different seasons in 2005. For each season, significant

differences among species were tested with multiple range analysis and ns=not
significant (p>0.05.)
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The seasonal energy budgets for Margaratifera falcatus, Gonidea sp. and Anodonta sp. are
summarized in Figures 61 to 63. These stacked bar plots clearly show that the three species of
mussels followed similar seasonal strategies for overall energy balance by taking up more dietary
material in the spring with lower consumption in the summer and still lower in the fall. The bulk
of consumed material was defecated in all cases, however. The proportion of ingested food that
was defecated was far greater in the spring (averaging about 90%), and therefore the net scope
for growth was proportionally lower as a result. The spring strategy is best characterized as
“quantity over quality” whereby mussels were feeding at higher rates but digesting, absorbing
and assimilating lower amounts of the ingested ration. The percentage of consumed energy that
was available for growth was only 4, 10 and 10% in the spring for M. falcatus, Gonidea sp. and
Anodonta sp., respectively.

In contrast, in summer and fall all three mussel species absorbed approximately 50% and
defecated approximately 50% of the consumed ration, resulting in much greater net scope for
growth. The percentage of consumed energy that was available for growth was 34, 23 and 44%
in the summer for M. falcatus, Gonidea sp. and Anodonta sp., respectively. In the fall, it was 19,
18 and 42%, respectively.

16
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Figure 61. Energy budget for Margaratifera falcatus summarized by season
during 2005.
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Scope for Growth (J h' g'1 DW)
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Figure 62. Energy budget for Gonidea sp. summarized by season during 2005.
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63. Energy budget for Anodonta sp. summarized by season during 2005.
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Interspecific differences were largely defined by the greater overall rates of energy uptake and
utilization by Anodonta sp. per unit dry tissue weight (note height of y-axis in Fig. 63 compared
to Figs, 61-62). Although physiological rate functions measured in this study were normalized to
body size (dry tissue weight) using allometric adjustments for a standard sized mussel, each
allometric adjustment was undertaken separately for each species. It is possible that the
generally smaller body sizes of Anodonta sp. (0.41 g dry tissue weight for 16 mussels with
complete energy budgets), moderate sizes of M. falcatus (1.19 g DTW for 34 mussels) and
slightly larger sizes of Gonidea sp. (1.33 g DTW for 10 mussels) contributed to the interspecific
variation in overall energy processing per unit weight, as shown in Figs. 61-63.

Multiplication of weight-specific energy consumption rates by the mean dry tissue weights leads
to an estimate of energy consumption per mussel. Averaged annually, these “per mussel”
consumption rates were 5.4, 3.1 and 3.3 J per hour per mussel for M. falcatus, Gonidea sp. and
Anodonta sp, respectively (not significantly different, ANOVA, p>0.05). These values might be
useful as a simple proxy for assessing the total energy balance of a natural bed of adult mussels
in the field, if the density of mussels per reach is known. However, if the size class distribution
can be determined as well, then it would be more scientifically sound to estimate the dry tissue
weight of the mussels and compare to weight-specific rate functions reported in this report rather
than “per mussel”.

CONCLUSIONS

Physiological rate functions for freshwater mussels (Family Unionidae) have rarely been
described in the literature. While several authors have reported clearance rates for mussels, in
most instances these data were collected in laboratory settings with unnatural algal diets. In
nature, mussels must derive their nutrition from a diverse suite of natural microparticulate
material that is likely to rarely be in balance with their nutritional demands for specific
biochemicals and nutrients. Since the costs of feeding and digestion account for a major part of
the animal’s energy budget, it is important for mussels to optimize their feeding rates, digestive
enzyme production, and other maintenance processing to allow for maximal growth and
reproduction. To best understand how environmental and dietary factors in nature affect the
ability of mussels to meet their nutritional demands, it is therefore important to quantify not only
their feeding rates but their physiological processing and net production rates under natural
conditions. Since physiological rate functions in nature vary widely with changing conditions
and among rivers having different water and food qualities, these physiological rate data are also
critical for estimating the ecosystem functions of mussel populations in rivers.

Data collected in this study represent the most complete set of physiological rate functions ever
measured for freshwater mussels, and since the measurements were taken under simulated
natural conditions (natural seston as food, ambient temperature, etc.) they will be invaluable in
estimating the functional role of mussels in the studied rivers. Feeding, absorption, defecation,
excretion and respiration rates were measured during spring, summer and fall. Three species of
native mussels from different rivers were contrasted, allowing the relative main effects of
species, river and season to be discerned. The natural food was also carefully characterized for
particle abundance, particle size distribution, and organic content.
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Weight-specific clearance rates of M. falcata, Gonidea sp. and Anodonta sp. varied primarily
with season and body size rather than river or species. Most physiological rate functions of
bivalve molluscs typically respond to temperature and food conditions, which both vary with
season in the Pacific Northwest. It was not surprising therefore that all three species had greater
clearance rates in summer (20-22°C) than in early spring (4-9 °C) or fall (10-15°C). Since
experiments were performed under mainly base flow conditions, food conditions were
characterized generally by low food quantity and moderate to high food quality, which meant
that seasonal differences in clearance were likely associated mainly with temperature rather than
nutritional challenges.

Upon first analyzing the clearance data, it appeared that weight-specific clearance rates also
varied significantly among both rivers and species. However, weight-specific clearance rates
decreased for larger-sized mussels which were more prevalent in those rivers and species where
clearance rates were lower (and vice versa.) Hence, when the analyses were repeated for similar
size classes of freshwater mussels, no differences were found in mean clearance rates among
either rivers or species. Therefore, weight-specific clearance rates for M. falcata, Gonidea sp.
and Anodonta sp. can be reasonably predicted simply by knowing the season (i.e. temperature
and seston) and body size. “Pound for pound,” the different species did not differ across the
study region. This important result will simplify future mass balance estimates of the total
clearance by whole mussel populations in rivers of eastern Oregon, suggesting that the most
important information will be the size class distribution and abundance of all the mussels
present, regardless of species or river.

The seasonal pattern in feeding rate activity was characterized by lower clearance rates in early
spring for all three species, compared with summer or fall (Figs. 37, 39, 41). Floaters, Anodonta
sp., tended to have higher average physiological rates per body size than Margaratifera falcatus
or Gonidea sp., which were similar (Figs. 42-44), and this interspecific difference was significant
when averaged across the year (Fig. 45). Despite being normalized to body size, the higher
weight-specific rate functions for Anodonta sp. might still be a consequence of their smaller
overall body sizes for adults (Section 3.2.6 and 8). Despite these differences, all three species
filtered water within a general range of 0.2 to 1.0 liter per hour per gram dry tissue weight
throughout the spring to fall period. This is typical for bivalves to have a reasonably consistent
clearance rate across a range of varying conditions, since the energy costs associated with
particle capture are much smaller than the costs associated with digesting and processing
ingested (as indicated by the absorption efficiency, Section 4.1.6).

Seston concentrations averaged between 1 and 5 mg per liter, tending to be higher during spring.
When clearance rates were compared to seston concentrations, again, mussels performed
similarly in the different rivers, seasons, and among species (Table 18). Typically, 1-3 mg of
seston were filtered per hour per mussel. Therefore, a small bed of 1000 mussels of mixed
species would generally be expected to remove about 2 kg of dry suspended matter per year.
These results indicate that the functional importance of freshwater mussels in streams and rivers
is not necessarily dependent on which species is present. Pound for pound, they generally
filtered water at similar rates. However, much more work is needed to actually quantify
filtration in situ due to the complexity of natural systems and the differential selection of
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different particle sizes by mussels. For example, preliminary comparisons of particle size
distributions above and below a mussel bed in the North Fork John Day indicated that larger
particles are removed and smaller particles may be enriched downstream as a result of passing
over the mussel bed (Fig. 12).

From an organismal perspective, the digestive processing varied widely among seasons and
somewhat also among species, suggesting that niche separation may be important in terms of
post-ingestion processing of filtered material. In early spring, there was slightly more abundant
seston matter but the quality was poor in comparison to summer and fall (Fig. 18). Asa
consequence, the absorption efficiency of mussels was much lower in spring (Fig. 53). Not
surprisingly, absorption efficiency was inversely correlated with food quantity (Fig. 55) and
positively correlated with food quality (Fig. 54). When feeding rates, absorption efficiencies and
food conditions were integrated, the net carbon absorption rate was found to vary between 0.1 to
0.5 mg per hour per gram dry tissue weight (Fig 57).

In comparison to the limited literature on feeding rates of freshwater mussels, the feeding and
absorption rates measured in this study are perhaps a bit lower. This may simply reflect the use
of natural diets in this study compared to published studies which typically measure
physiological rates of lab cultured algal diets which can be more nutritious. Absorption
efficiencies for natural seston are almost always lower than for high quality algal feeds under
controlled conditions. In this study, the high O:N ratios (Fig. 59) suggest that diets were highly
refractory in relation to the animal’s amino-nitrogen or protein demands. Indeed, the low rates
for ammonia excretion suggest that mussels were probably carefully conserving protein and
nitrogen balance at all times of the year, perhaps indicating that freshwater mussels in eastern
Oregon are nutritionally limited by protein rather than energy per se. In marine species, mussels
can be protein-limited leading to high O:N ratios, but that usually only happens during periods of
high biosynthesis such as in rapidly growing juvenile life stages (Kreeger and Langdon 1993) or
during gametogenesis (Kreeger 1993, Kreeger et al. 1995). It would be interesting to compare
O:N ratios of Oregon mussels that are fed on high protein lab algae versus natural seston.

Accounting for energy losses in feces, ammonia excretion and via respiration, the net energy
available for growth and reproduction (scope for growth) was assessed, perhaps for the first time
ever for freshwater mussels. The scope for growth was highly variable, which is typical because
its calculation leads to the additive error from diverse metrics. Nevertheless, significant patterns
were statistically evident in this net production term (Fig. 60). Importantly, for all species and
seasons, scope for growth was positive, indicating that growing conditions in the North Fork and
Middle Fork John Day Rivers was sufficient to lead to positive growth and reproduction (the
Umatilla mussels were not assessed for SFG). Floaters, Anodonta sp. had significantly greater
overall scope for growth than other species, particularly during fall. Summer, the peak of the
growing season, clearly supported the best scope for growth overall, despite the fact that much
more dietary material was ingested in spring (Figs. 61-63). Again, these data clearly show that
feeding rates are less important than absorption efficiencies and the minimization of energy
losses post-ingestion. Although animals filtered more material in spring, about 90% of it was
defecated, whereas in summer and fall about half was absorbed.

Interestingly, smaller sized Anodonta sp. had a lower overall condition index than the other two
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mussel species (Fig. 32). Condition, which is a measure of meat fatness within the shell cavity,
was generally lower in summer during peak growing season. This is typical for bivalves in
temperature climates because they tend to sequester carbohydrate reserves in fall as energy stores
for overwintering, and by summer those stores are depleted and growth is being maximized.
These findings confirm that mussels in eastern Oregon follow a similar seasonal pattern.

Differences between rivers were contrasted by comparing physiological rates of M. falcatus
between the North Fork John Day versus the Middle Fork John Day (2005-2006), and also by
comparing rates of Anodonta sp. between the Middle Fork John Day and Umatilla Rivers (only
in 2006). The North Fork John Day tended to be colder, which likely explained some minor
differences in clearance rates (Table 14). This was also suggested because clearance rates for
mussels taken from a higher elevation, colder portion of the Middle Fork John Day (Big
Boulder) were lower than for mussels from the main study bed (Fishing Creek) (Table 14.)

In contrast to the comparison between the North and Middle Forks of the John Day, important
differences were found in the apparent fitness and physiological rate functions for mussels living
in the Umatilla River. Comparing adult Anodonta sp., clearance rates were significantly lower
during the one sampling time when a rigorous analysis was completed, August 2006 (Table 16).
Seston quantity was significantly higher (Fig. 34) and seston quality was significantly lower
(Fig. 17) in the Umatilla compared with the John Day rivers. These two factors (reduced feeding,
poorer food quality) led to a very low absorption efficiency (<10%, Table 21, Fig. 51) and net
absorption rates (Table 21a, Fig 56) in the Umatilla compared to Anodonta sp. in the John Day
system. In addition, energetic losses via ammonia excretion appeared to be higher in Umatilla
mussels in the one seasonal experiments where they were compared (March 2006, Table 22).
These findings, although preliminary because the Umatilla mussels were only discovered and
included during 2006 experiments, suggest that the microparticulate food conditions in lower
Umatilla River (near Hermiston) are suboptimal for freshwater mussels, resulting in very low
absorbable rations. More studies are warranted to measure actual scope for growth in mussels
from the Umatilla and to undertake reciprocal transplant studies along the river’s course to
determine if restoration efforts would be sustainable. In addition, two morphological variants of
Anodonta sp. exist in the lower Umatilla River (possibly A. californianus and A. oregonensis),
and their physiological rate functions should be further contrasted (sample sizes were too small
for statistical differentiation in this study).

Taken together, these findings indicate that in healthy rivers of eastern Oregon (e.g., John Day
system) the physiological rate functions are reasonably comparable among M. falcatus, Gonidea
sp., and Anodonta sp. There were some interspecific differences in seasonal strategies for
optimizing energy balance with Anodonta sp. tending to have more of the energy budget
available for growth and later in the year than M. falcatus and Gonidea sp. However, these
interspecific differences were small in comparison to seasonal variation in energy balance for all
mussel species. In spring, higher feeding rates were offset by a higher fecal loss term and lower
food quality, whereas in summer and fall mussel capitalized on higher food quality by absorbing
a higher proportion of ingested matter and turning a larger portion of absorbed matter into
positive growth. Although data are preliminary, these patterns appeared to be largely negated in
the Umatilla River where high seston quantity and low quality interfered with summer
absorption rates in mussels.
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APPENDIX A
Appendix A, Complete set of body size data for freshwater mussels collscted from Oregon rivers during 2005-2008.
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Appendix A. Complete set of body size data for freshwater mussels collected from Oregon rivers during 2005-20065.

TAeh-Free T
Dry | Dy | Tissus
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_BE306 | UMP4 | 1060 MavgarafVers facate  |John Dy Middle Fork | Big Boulder Creek 203 | @1 | B4y | 0867 | OvES | 144 | T30 | 9071
| 62205  UMP4 | 1061 |Anodonfasp | John DmyMiddle Fork |RitterHotSpings | 81 | 37 | 15 | 0151 | 0133 | 2368 423 | 8845
B2205  UMP4 | 1062 |Anodents sp. John Day Middle Fork | Ritter Hot Springs 1748 48.8 .68 0818 | 0843 5.7 673 | 7854
BZ205 UMP4 | 1063  |Anodonta so | John Dy Middla Fork | Ritter Hot Spings 129 539 289 0.5 | 03 164.1 B | BTR4
BIZ2M5 UMP4 | 1054 |Mergaretders fakcats | Jobn Day Nerth Fork | Mussel bed 4z | 370 1.60 0z | 0204 164.1 864 | 9058
G2205 | UMP4 | 1085 |Margarsiiersfalcats  lJohn Day Mot Fork  Mussalbed | 100 | 508 | 442 | 0452 | 0en | 4123 | 772 | 8344
_B/22105 UMP 4 1086 +1070) Margarelifers faleats | John Day Nedh Fark  Mussel bed B30 | 837 4080 | 2.\ 2407 23 67.3 B4.18
2205 LIMF 4 1067 |Margaratiors falcats | John Day North Fork | Mussal bed 32,3 735 1442 | 119 142 61,8 566 8756
BZ2M5 UMP4 | 1088 |Mergarstderafakcats | John Day North Fork  |Mussel bed 471 | 807 752 1652 | 1426 489 700 | 8633
2205 UMP4 | 1088 |Msmparaiferzfalkats  John Day Norh Fork | Mussal bed 55.5 £3.8 24.20 1677 | 1.324 50.0 836 | 7847
62205  edas | 1022 |Anodoasp.  JotnDayMiddeFork |FishingHole-Site3742 | 116 | 483 | 323 | 0416 | 0381 | 1184 489 | 9159
G205 | wdras | 023 [Amcdomtasm 0 _ liohn Duy Middle Fork | FishingHola- Site3742 | 45 | 360 | 143 | 0148 | 0133 | 2461 | 483 | 9086
B2 ras 1024 |Anedonts sp | Jshn Day Middle Fork | Fishing Hole - Site 3742 17 | 477 301 | 043 | 03712 100.8 500 | 8561
2205 exfras 1025 Gonaes o, | John Day Middle Fork | Fishimg Hole - Sibe 3742 a6 | =1 % | 287 0508 0468 a8.4 T5.3 |a1.87
BiZ2M5 etras | 1026 |Gonidea ap |John Day Middle Fork | Fishing Hole - Site 3742 245 | €56 6.87 1220 | 1077 53.7 g8z | 8828
B22M5 edras | 1027 |Gonides mp | John Cay Middle Fork - Frshing Hole - Site 3742 25.2 5.8 .63 1087 | Dgan 608 884 | 9110
62205  adras | 1028 |Gomdea sp ! John Day Middie Forck | Frshing Hale - Site 3742 245 621 8.31 1.056 | 0849 587 852 | 8988
B2205  edas | 1028 |Anodofasp  John Oy Micdie Fork | RifterHot Sprngs 10 | 458 28 031 [ 0276 18y | 40 | 8303
B22M5 | edras | D80  [Anodenfesp.  ldohn Day Midde Fork  [RiterHotSprngs | &3 | 374 | 467 | 028 | 026 | 1484 | 540 | BER3 |
Bi22/05 eatras 1031 |Ancdania sp | dohn Day Middle Fork | Rtter Hat Sprngs &7 | 407 1.8% 0247 | 0207 164 8 483 | B3B4
225 antras 1032 |Anodonta sp. [ John Cay Middle Fork | Ritter Hot Springs 82 | 432 225 0285 | 0.258 146.1 504 | 8718
w2205 @z 1033 |Margaraiifers falcats | John Day Middle Fork | Big Baulder Greak g8 | 483 413 0517 | 0478 8.4 1082 | @23




Physiological Processing by Freshwater Mussels

Appendix A. Complete set of body size data for freshwater mussels collected from Oregen rivers during 2005-2008.

| [ L Ash-Free! [ [
I I ODry | Dry | i | Tissue
Tolal Wet| Shell  Dry Shell| Tissue | Tissue | Height Organic
Date Sample Weight | Length | Weight | Weight | Weight | Weight |Condition Content
Sampled | Exprerinnent ID Muszel Bpecies River Site Name 6] fmy | fmny | i@y fgl | Ratio | Incex | (%)
_BE305 | esraz | 1034 Margeestierafeicsts  John Day Misdle Fok  |Big BoulderCreek | 282 | T8 | 1846 | 1.5 -, 484 | Tas | -
BIZ205 | entras | 1035 | Margarstiera faicats tuhg Day Migkdle Fore | Big Bouldsr Crask 438 794 | 2187 | 13m | 1043 i B0 | 613 | BE3S
B | e ) CIIOE- cUvengwestiees ey ldohn P Mickls ot Bin:Bolider Lrasic PR o R e e A .‘.-9_5?'_T e e L1 ) [
_EJ_EZliE._L _uius_'. _‘IIE?_IAEEMMMI EIEFI_ En Cay Morth Fark |y smal bad = 8.8 = 439 | e ir | | 0344 _[ 0.508 | 12]’.3__, B33 EEE_
62205 | edmes 1038 | Margarstiera fskista  |John Day Morth Fork Mussel bed 137 572 | 850 | 052 | 0485 | q054 | 662 | 8381
| 62205 | wdms | 1038 |Margamiiorafeiwfa|ohn DayMNortn Fork  Musselbed | 185 | 805 | 74 | 01 | 0587 | D02 | 796 | 0902 |
| 62205 | eviras 04D |Margartiora faicata_|John Day Nodth Fork | Musselbed 245 | 679 1020 | 05 | 0854 | 64 833 | 660N
E.IEZ'CG [0 1§14 | 1041 |Margar3t.'fera F&j:.‘e_rd |_Jr:|hn Da_‘_-,- Morth Fork I'IPUSBEI b 3 174 g61.2 ?.?2 IZI-._T.I’E | E!.E?_H | ?BE ?E:IZI ) BE.97
BI22005 | ewtras | 1042  |Margarstiferafeiafs |John Day Moth Fork  Mussel bed 15 513 | 506 | 0566 | 0532 | 860 | 528 | 9933
(60205 | ez | 143 | Margatierafaksta  |John Day Mot Fork  [usselbed | 200 | ese | ese | osw | om0 | 765 | @17 | earm
82205 | edas | 1044 |argarattors fnkcale [dohn Day Morth Fork  Musselbed | 186 | 605 | 721 | 073 | o887 | B4 | 748 _ | _ms70
62205 | esmas | 1045 Mergerstfers fekefa | John Day Mot Fork  |Musselbed | 358 | 7BS | 1448 | 1404 | 1988 4 558 | B56 _ | _Baz
_BO05 | esmes | 1045 Marpeestifers fekiels | John Day Meeth Fork  Busselbed %84 | moa | t8E2 | 1401 | 1.8 544 | 753 | 8624
GRS | esraz | 1047 |Marparstierafzksts  |John DayMoth Fork  Musselbed 370 | 778 | 1807 | 1445 | {233 E3F | V60 | 8532
| 62205 | edms | 1048 |Margasiferafeiala  |John DayMoth Fok  Musselbed | 346 | B0 | emm | 143 [ 1288 | ea0 | @te | Ere3
| w205 | umPs | 2083 |Margamiera feizata | John Day Midde Forc (FishingHole-Stes742 | 12 | 243 | oss | ovm | . | 48 | 771 s Nt
10VE05 UMP 5 2081 |Margerstiera fsicafa  |John Day Middle For (Fishing Hole - Site 3742 7.0 w45 284 ooss [ - [ 18 s -
| 1005 UMPS | 2985 |Margamtifera feicafa  [John Day Middle Fork  Fishing Haole - Sita 3742 128 | 40 | 498 L 068 | - | 818 E-L._I_ 2= |
IS UMPS | 2988 |Margarstifera ficefa | John Day Middle Foke  FishingHele - Site 32 | 941 484 412 a5 | - | =1 1088 ]
1US05 | UMPE | Z8E7 |Margerebfecs feiela  |lohn DayMicdle Fok  FishingHole-Ste7az | 2o | s2¢ | mes | opw | . | s oL T
w05 | UMPS | 2988 | Merparstiferafekcsta  |John DayMiddle Fork  |FishingHole-Site37a2 | 432 | 776 | ez | om0 | - | are | e28 | -
fom0s | UMPs | 208 |Margarstifera faioata | John Day Middle Fork |Fishing Hole - Site 3742 | 504 | 853 | e | 2ae | - g M3 | om0z | -
_lwses | UMPS | 2990 Ancdofesp  |John Doy Middle Foric  |Fishing Hola - Site 3742 ED | 9S82 | LI | G2 ) - ) 1707 | E10 B
s | UMPS | 2091 Amodenfesp.  |John Day Middle Foty  |Fishing Hole-Site3742 ) S8 | a7s | 468 | o2a 0 - 0 dB44 | 528 | 0 -
weos | UMPS | zeEz Tﬂ.nm'maap |John Cay Middle Fok |Fishing Hole - Site 3742 a4 |8 | 188 | 0773 I~ | dampd | EBA4 | -
eos | UMPS | 2083 |Anodonts sp |John Day Micdle Fork | Fishing Hele - Site 3742 7.6 418 | 23 | o2 | - | 1408 | S0 | -
| wsos | uwPs | 2804 |Aoododfesp. |iohn DayMidde Fodk _|FishingHole- Site3742 | 84 | 449 | 27 | o481 | - | ors | 888 | - |
| 10205 | UMPS | 2985 |Amodorfasp. |John DayMidds Fok  FrhingHols- Sta3742 | 108 | 480 38 o8 | - | 83 | 888 N
905 | UMPS | 2836  |Anodonte sp |John Day Middle Fok Fishing Hele - Site 3742 128 85 | xes  ose [ - | ess B2 | -
1VEID5 UMPS | 2997 |Gonidea 5o | John Day Mickle Forie | Fishing Hole - Gite 3742 7.8 44.7 261 043 [ - | 1014 B4 | -
10805 | UMPS | 2888 |Gonkies s |John DayMidde Forkk _ Fishing Hole - Sita3742 | 83 | 471 | 281 | 05 | - | 885 1038 | -
wsos [ UMPS | 209 |Gondessp |John DayMicdle Fok  [FishingHoe-Stearaz | 1a7 | s7a | a2 |ose | . | es | v | .
wwos | UMPS | 3000 |Gomdessp. #ﬂ*ﬂ%}"‘ﬂ_ﬂd‘_&’ Fok_ |FishingHole-Sie3742 | 207 | eoe | 768 | 1oe | - | &4 | e0 | -
AR - DMPS | 66 achitbedn 0 #ﬂ*ﬁﬂﬂ""‘_ﬂmj Fok  |Fishing Hole - Site3742 | 300 | 730 | 10a7 | t6d - 447 | 8as | -
IS5 | VMRS | 68 1_.5@9_65& A .#Uhﬂﬂiﬂimj Fork _ |Fishing Hola - Sita 3742 A%s f i} LR L AR L -k REE sl | -
ADe0s | UMPS | B85 (Goedeasp  [Jobn Day Migdle Fode  |Fishing Hole - Site 3742 480 _TBE | 1887 | 20 = 46 | B38| -
105 | UMPE | 688 | Margarstfers faketa John Day Middle Foe | Big Baulder Creek 8.5 448 | ZE3 | 0.0 \— - T 1eex | =»an i 5
1905 | UMPS | 8e7 | Margarstifera feicata  |John Day Micklle Fork | Big Baulder Creek 224 853 | 950 | 1.087 I - [ &2 | 828 | -
0205 | UMPS | 68 |Margamtifera feicafa |John Day Mickle Fok | Big Poulder Crask 280 68,7 13860 | 1o [ - | eds | 750 |-
| 1vS0s UMPS | 698 |Margarstifera feicata_|John Day Middle Fode  Pig Boulder Creek | 238 | 652 4 toB0 |, vos7 | - | &2B | Eld , SR
1 QVEAE UMP 5 0D |Margerstifera friceld |Jnhn Day Middle Fak  Blg Baulder Creek 258 0.4 11.58 144 | - | Bl4 4.4 -
1SS UMF 5 701 |Margarstitera faicats  |John Day Micdle Fore  'Big Boulder Greek 305 3.4 13 9 1248 | - | =88 | 7sa | -




Physiological Processing by Freshwater Mussels

Appendix A. Complele sef of body size data for freshwater mussels collecled from Oregon nvers during 2005-2006.
] Ash-Froe’
Diry Dy Tissue
Total Wet, Shell |Dry Shell Tissue | Tissue = Helght: Organic
Date Sample Weight | Length | Welght Weight | Weight | Weight | Condition| Content
Sampled | Experimant 1D Mussel Species Rivar Site Name gl {m) {mm) g @ Ratio | Index (%)
1805 UMP & 702 |Margaratfera fakcats | John Dey Middle Fork | Big Boulder Greek a7.2 8.7 17.78 1.669 ; 7.2 BED ;
W05 | UMPS 703 |Mamgarstierafakata  |John Day Middle Fork | Big Boulder Creak 188 B0.6 818 0.911 865 | 863 :
1WA0E UMP & T4 |ME.IQMI"HE ﬂl'bam John Day Merth Fark Mussel bed 18.5 61.3 7.81 0,830 659 BB.O -
10E UKP 5 TS Jﬂd'argaraf.fwa fakeata John Dy Moeth Fork Mussel bed 284 I. 67, 3 14 12 1.202 56.0 THE -
1805 LMP & 706 | Margaraiiera fakats | John DayNoh Fork  |Mussel bed 387 | 741 16.52 1481 | 50.0 753 -
105 LIMP 5 707 Margaratiera falkats John Dey Morth Fark Mussel bed 434 788 2247 1. 765 453 BZ2 -
105 UMP & T0R | Margaveiferafakata  |John Day Morh Fork | Mussel bed 7.0 80,0 35,55 2.318 38.9 737 -
10805 | UMPS 708 | Mamaratfersfalcsts | Jobn Day Morth Fork | Mussel bed 833 | 939 | 3538 3000 g 313 883 -
32008 | UMPE BET | Margaratiera fakcats | John Day Middle Fork  |Big Boulder Graek 302 | 698 | 1422 o080 | o7e0 | 712 613 | 8058
__3'@‘}1 UMP & Qﬁ_JMwmm falcata John Day Middle Ferk | Blg Boulder Creek 330 | MA 15.33 1568 1.169 823 T8 B5A42
SR00E | UMPE §56 | Margarafferafaicats  |John Day Middle Fork  |Big Boukser Crack ne | M7 1446 | 1.0 | 0963 8.7 682 | B33
W20E LIMNP & Q57 |.|'|-'|'mﬂlﬁfﬂm falcata John Dey Middla Fork | Big Boulder Craek aws | ?2 ? 16,65 T 610 1417 451 TT2 BB.00
| 2hios LUMP & BER Iﬁ"ﬂ.l'g'm-fﬁri falcata John Dey Middle Fork | Big Bowlder Crask 428 ThA4 18,58 1.813 1.861 421 748 81.08
A28 | UMP & G55 Mangaratidera falats John Dey Middle Fork | Big Boulder Craek A6.4 B33 2238 1.87 1734 423 Big BB.O1
32006 UMP & 860 | Margarafifera fakata | John Dey Middie Fork | Big Boulder Creek 615 | B34 23.96 1.884 1.587 4.3 B85 B4.78
220006 LMP & BE2 | Margaratiera fakcats  |John Dey Middle Fork | Fishing Hole - Site 3742 51 | 3o@ 206 0.252 0.231 1579 818 84,80
H00E | UMPE 963 | Margaraifera fakcats  |John Day Middia Fork  |Fishing Hobe - Site 3742 73 | 448 289 | 04 0378 | 1067 P63 | Bess
2006 UMP & BE4 Mangaratiera faleats John Day Middla Fork | Fishing Hobe - Site 3?4? 104 | 748 455 0524 0473 1521 BHS 80.28
2005 UMPE 965 |Mamarafferafakcata  |John Day Middie Fork | Fishing Hole - Site 3742 B L 468 D452 D422 | WeT | TI6 B5.79
32006 | UMP & BET IHII:Q'&M.I'M fakcata Jaha Dy Middle Fork Fishing H:H Ei‘tn 8742 236 | 663 B68 1.037 0.420 63.9 743 BB.ES
P06 UMP & 062  |Margareiferafakats  |John Day Middle Fork | Fishing Hole - Site 3742 281 | BeT 10,57 1,356 1210 50,8 87.2 Bo.24
2006 UMP & BB | Margaratfera fakcats | John Dey Middla Fork | Fishing Hole - Ste 3742 249 B7.0 10,81 1.081 0343 B3.7 748 BBTE
2006 | UMPE& 970 Margaratifera fakcata  |Jobn Day North Fork | Mussel bed BO | 460 ER 0.315 0274 1463 0.1 ez
A2D0E UhP & ar Margaralifera fakats John Day Morh Fork Mussel bed 158 582 647 0.688 0622 848 TaA 8034
A200E UMP & a7z Mangaratiera falkats John Day Morth Fork |'.t.I'EEEI| hgl:l .7 678 854 DLBas 0709 802 Bd A B3.83
2006 UMP & 873 | Margarafffera fakate | Jobn Day Mot Fork |Mussel bed 73 | 707 11,73 111 1038 0.3 754 BBAE
2008 LMP & 474 Margaratiera fakatz John Day Morth Fork Mussel bed 388 7a1 18.28 1.451 1225 50.4 Tig B4 43
A200E UMP & 975 |Margarafiera fakata John Day Morth Fork |'|l| 550l bed 380 a2 16,04 1.668 1.3488 481 T286 B3.78
2006 | UMPE arg JMargaraf.fam fakata John Day Morth Fork My ssel bed 432 | 80O 18,93 1.558 1296 513 B2 BIAT
AP00E | UMPE | 87T | Gomeded sp | dobn Day Middle Ferk | Fishing Hele - Site 3742 B | 441 | 208 0523 0303 | 1325 | B33 BO.BE
2006 UMP & aTe Govnaea sp. John Day Middle Fork Fizhing Hobe - Site 3742 B0 | 464 258 0461 0.421 1008 Bla 81.23
2006 | UMPE 878 |Gomdoa sp John Dwy Middle Fork | Fishing Hobe - Site 3742 102 | B3 208 0507 | D4bd W61 6e.8 Ba.50
A200E UMP & agd (vomidea sp John Day Middle Fork Fishing Hobe - Site 3742 148 | BG5S 4 52 0. E?S 0.790 54,5 BEE 80.24
2006  UMPS | 981 |Gomdeasp.  |Jobn DmyMiddaFork |FishingHole-Site3742 | 224 | 851 | 872 1426 | 1083 | 578 | s22 | @181
AZ008 [ UiP & Qg2 Gomalea ap John Day Middle Fork | Fishing Holbe - Site 3742 284 741 11 'M- 1366 1184 | 531 B12 B5.48
_SR006 | UMPE _BB3 _|Gomdea s John Dery Miclle Fork | Fishing Hole - Site 3742 488 78 2048 @ 2255 | 1884 | M5 855 | 8222
AZO0E UMP & 8B |Amodanta ap, John Dy Middle Fork | Fishing Hole - Site 3742 36 | 348 1.01 0,135 0.120 2585 544 BE.G6
_SR0DE | UMPE BBS | Anodants sp. John Dary Middla Fork | Fishing Hole - Site 3742 41 | 332 1.04 0.138 0.128 BT 452 162
2008 UMP & ol |Mﬂdﬂl‘#ﬂ S John Day Middle Fork | Fishing Hele - Site 3742 58 | 387 1.73 0,135 0121 286 5 334 BE.51
2006 | UMPE 987 | Anodonta sp. John Day Middle Fork | Fishing Hole - Site 3742 93 | 430 | 307 | 0371 | 0343 | 1159 | Se4 | @246
_&M [ UnP & oBaE Ancdonta ap. John Day Middle thll F':th'lg:Hbl-a EH& S'MZ 104 466 el =1 | E!.EE-? 0508 Bﬁ_.ﬂ- g | B1.20
A200E LMP & L) Anodonta 5. John Day Middle Fork Fishing Hoba - 511 3?42' 114 60.A 340 DA 0.515 88.9 T 80,14




Physiological Processing by Freshwater Mussels

Appendix A, Complete set of body size data for freshwater mussels collected from Oregon rivers during 2005-2006.
Ash-Froe
Dry Tissue
Tatal Wiet| Shell | Dry Shell Tissue | Tissue | Helght Organic
Date Sample Wieight | Length | Weight = Weight | Weight | Weight | Condition
Sampled | Experimenit 1D Mussel Species River Site Narme {g_l {mm) {mim) (il l_@ Ratio Index
32006 UMPE 992 |Anodonta sp. John Day Middle Fork | Fishing Hole - Site 3742 123 | 505 | 382 | D458 | 0408 | 1102 | 550
32006 UMEE | 995 | Anodots oregonensie? | Umatilla Harmiston 125 6.1 348 0,696 0496 806 774
200G UNP 8§ 994 Anodorta aregonensis? | Umatilla Hermestan 407 45,1 12,88 1.520 1,004 538 TRl
2006 LUMP & 995 | Anodorfa oregonensis? | Umatilla Hermistan 553 221 16.92 2051 1282 449 534
| 00 | UMPS 996 |Ancdonta caffornarus? [Wmakila 0 |Henwiston 284 678 841 0916 | 0861 | 31 | 384
B24IDE UMP 7 1525 Warparatdera falate John Day Midde Fork Big Boulder Creek 6.0 421 2441 .28 0.268 141.3 B3O
BE4DE LUMe 7 1558 Wargaratdera fakate John Day Midde Fork Big Boulder Creek 78 461 305 0332 0,504 138.9 05
_B2406 | UMET 1527 |Margeratifera fafete  |John Day Middie Forke | Big Boulder Creek 154 56.2 6.58 038 | 0674 762 B39
AZ4/DE UMe 7 1528 |Margeratdira faleate | Jehn Day Middle Ferk  |Big Beulder Creek 208 3.3 905 0.058 0.840 £6.1 809
B2ADE __UMP 7 1528 Margaratdera fakats John Day Middie Fork Big Boulder Creek 365 75.0 17.05 1.568 1.387 478 B0S
B2406  UMPT | 1530 |Margavaiderafalcats  |John Day Middie Fork | Big Boulder Creek M7 | 964 42,74 2018 i 473 | aad 7
B2AIDG LMe 7 1631 Wargavatfora fakats John Day Middie Fork Fishing Hoda - Site 3742 73 T 1.72 0318 0,282 1178 E74 BB A5
BZ406 UME 7 16327  |Margeratfiera falcats | John Day Middle Fork | Fishing Hode - Site 3742 57 417 233 0,531 0,250 1262 o6 8771
82406 | UMPY 1533 |Margarafdera fakeate  |John Day Middle Fork  |Fishing Hole - Site 3742 | 80 | 463 3% 0408 | D362 | 1138 _BES £8.80
BEADE UMR 7 1554 Manpavatdera falats John Day Middle Fork Fishing Hole - Site 3742 148 56.3 T.18 0685 0,608 81.1 B4 B7.A7
B240E UMP 7 1535 Mangavatdera fakale John Day Middie Fork Fishing Hole - Site 3742 140 58,2 815 0uEa2 0.588 8458 B4.0 BB 40
82406 | UMP7 1536 |Margavaliera fakcats | John DayMiddie Fork  |Fishing Hole - Site 3742 | 408 782 | 2086 | 15m | 1287 | 518 78 | 8422
2406 LME 7 1537 |Gomdes an Jetie Day Midelle Fesk | Fishing Hede - Site 3742 69 436 296 0364 | 033 | 1188 177 | weor |
B2AIDE 1| P 7 1828 Gomidea sp John Day Middie F:ljt Fizhimg Haole - Site 3742 1614 ‘5-5.7 .48 [k ry ] 0.724 S84 B34 Td.56
BR4DE | UMPT 1538 |Gondes g |John Day Middle Ferk | Fishing Hale - Sits 3742 174 | eld 638 | 0830 | 0548 | €57 | 774 | 5881
B24DG UMP 7 1540 Gomidea sp John Day Middle Fork Fishing Hola - Site 3742 261 86,9 BB5 1.426 - 458 BlE -
B24106 UME 7 1841 | Gomides s John Day Middle Fork | Fishing Hebe - Site 3742 265 8.3 10,36 0,841 0857 27 Bi7 o118
BR406 | UMPF 1542 | Gonides sp. dohn Doy Middie Fork | Fishing Hole - Site 5742 489 824 2056 | 2a88 | 2218 34 863 2991
BEADG LUMP 7 1543 |Ancdorta sp. John Day Middle Fork Fishing Hiée - Site 3742 318 nr 1.08 0.187 0187 180.2 652 BHAS
B2ADE UMP 7 1544 | Arodonfa s, John Day Middle Fork Fishing Hole - Site 3742 54 382 148 0237 0.213 161.1 508 8880
BZADE | UMP7 1545 | Ancdanta ap. John Day Middle Forke | Fishing Hole - Site 3742 70 404 208 | 0283 | 0252 | 1430 | 574 | 8616
B2406 Uune 7 1548 | Apodonta gp John Day Middie Fork Fishimg Hole - Site 3742 a0 43,7 249 0,430 0433 892 748 BE 36
B24406 UMP 7 1_5_-1-7 Apodanta 5. John Day Mr«idb Fork Flehing Hale - Site 3742 130 51.2 3B | 0425 0.585 1204 | 465 Bla4
wnace NP7 | 148 [Amoodam i Dicdlrak |rubmgrde-stesriz | 138 | s62 | arr | omr | ot | sz | sr | eise
BR406 UMP 7 1548 | Apodonta sp, Limatilla Henmiston 176 83,0 483 0635 0,582 223 501 o1.74
206 UMe 7 1560 |Anodorta . Umatilla Hermistan 260 6.0 762 1.066 0846 E26 805 #0066
BR40GE | UMPY 1551 |Ancdonta 3, (Ymatilla. Henriston 282 724 o.M 1.0 £ 7. 529 2o o
B2AIDE LKP 7 1552 |Anocdonta 5o i matilla Hermiston Aps 80.7 11.53 1588 1.230 8.7 B16 BT 87
B2ADG UMP 7 1563 | Ancdonta sp. Umatilla Hermiston 362 78.2 11.72 1.482 1,284 831 Bi0 B810
BEADE U 7 1554 | Ancdonta sp. Umatilla Hermiston A4 834 12.55 1.428 0.8 S84 448 818
B24I06 LME 7 1885 [Anodonts s, Ueniatlia Herriston 484 855 1553 1,855 1,520 58 488 TEES
B24e0E LM 7 1556  |Ancdonia sp. Lmatilia Hermiston 538 86,7 660 1821 1.830 451 __-'I-ﬂ.ﬂ B4 55
| B2AOE UME T 1567  |Anodorta sp. fround thin)|Umatita  [Hereston 133 | &8 | 37w | oz | 0472 | @68 | 666 | 8709 |
B2AIDE UMP 7 1558 | Anodorta sp, (reumd thinl|Umatilla Hermston 255 85,2 17.11 0.793 - 222 o7 .
AZDE eodras 15563 |Anodonta ap, John Day Midde Fork | Fishing Hobe - Site 3742 137 487 376 0,638 0562 78 43 4796
 B406 exdras 156 |Ancdonta 5p |dohn Day Middle Forke |Fishing Hole - Site 3742 | 114 418 275 0472 | DAa28 105 | 544 s0e2
B2AIDE extras 1561 Ancdarta 5. John Day Midde Fork Fishing Hede - Site 3742 134 50.8 367 0511 0475 B4 82T 258
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Physiological Processing by Freshwater Mussels

Appendix A, Complete set of body size data for reshwater mussels collected from Cregon rivers during 2006-2006.

Ash-Free
Dry Dry Tissue
Total Wet| Shell |Dry Shell Tissue | Tissue | Height: Crganic
Date Sample Weight | Length | Weight ‘WWeight | Weight | Weight Condition Content
Sampled | Experimant 1D Mussel Species River Site Name g} (mm) (mimi) g ta) Ratio Index ()
224006 axtras 1662 | Fonidea sp John Day Middle Fork | Fshing Hole - Site 5742 178 5V 6 5.40 0,698 0652 823 576 93.26
24106 | eddras 1663 | Margarstfera falcata John Day Middle Forkk  Fishing Hole - Site 3742 6.4 435 2064 0.358 0315 1418 B4 BR.06
224506 extras 1564 |Margarstifera faicafa John Day Middle Fork Big Boulder Creek 231 630 0.8z 1.120 10z 562 2917 2034
2408 | extras 1685 |Margarsiifera falata John Day Middle Fork | Big Boulder Creek 258 B5.3 .57 1.005 0.885 Lok T04 BEDI
RZ06 | exdras 1686 | Anodonts zp, long, green Umatila Herristen 365 75.8 11.81 1,198 1.073 B30 488 #0456
S24806 extras 1687 |Anodonfa ap. (fang, green Limatifa |Hemmizton 45.9 B21 165.20 1.403 - 585 47.2 -
B24I06 extras 1688 | Anodoits sp. jfong, green Linatila Hemizton 40.1 B0.1 11.65 1.770 - 452 621 -
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Physiological Processing by Freshwater Mussels

APPENDIX B
Appendix B. Tissue organic contents for freshwater mussels from CTUIR mussel transplant studies in
Oregon rivers sampled during 2004-2005. These were mussels that were taken from the Morth Fork
John Day site on July 21, 2004 and transplanted 1o the Middle Fork John Day, Umatilla, and within the
Morth Fork John Day site.
Ash-Free
Dry Dry Tissue
Tissue Tissue | Organic
Date Sample Weight | Weight | Content
Sampled [n] River Site Details {g) (g} (%)
1015104 7 John Day Middle Fork 11N 248835, 4961778 1.035 0,912 88.12
11504 Tii8 John Day Middle Fork 11N 348835; 4961778 1.012 0912 90.08
101504 a4 Jahin Day Middle Fark 11 248835, 4961778 1.596 1,326 53.07
10§15/04 76 John Day Middie Fork 11 348835; 4961778 1.156 1,028 88,71
11504 Toa2 John Day Middle Fork 11 243835, 4961778 f.201 1.082 87 .65
1504 7493  |John Day Middle Fork 11N 348835, 4961778 1.622 1.445 £§9.30
115/04 20587 John Day Middle Fork 11N 3488235; 4961778 0.751 0,648 8637
10/15/04 8079  |John Day Middle Fork 111 343835; 4961778 1,362 1,201 8814
11504 73 John Day Middle Fork 11N 348835, 4961778 1.555 1.248 8668
11504 &7 John Day Middle Fork 11N 248835, 4961778 0.775 0.6597 69.95
101504 74 Umatilla River (Emaceus site) 0.825 0.710 B85.03
10¢15/04 2386 Umatilla River (Emaceus site) 0.913 0.2804 §7.99
10/15/04 8284  |Umatilis River (Emaceus site) 0.258 0.803 90,44
11504 7579 Umatilla River (Emaceus site) 1.230 1.072 §7.16
10M15/04 2457 Umatilla River (Emacaus site) 0.856 0.716 82.73
10M15/04 70 Umatilla River (Emacaus site) 1.155 1.048 90.78
101504 E9T0 Umatilla River (Emaceus site) 0.849 0,755 88.93
1504 86 Umatilla River (Emaceus site) 1.203 1.051 87.35
10504 7072 Umatilla River (Emaceus site) 1.005 0.907 90.29
_10115/04 | 8083 [Umatla River (Emaceus site) o745 | oses | 8838
11504 31 John Day Marth Fork 1.019 0.924 90.73
11504 30 John Day MNarth Fork 0.783 0.720 91.93
10¥15/04 23 John Day Morth Fork 0.532 0.485 91.88
101504 36 John Day MNorth Fork 0.645 0.572 8B ET
1001504 &1 John Day Morth Fork 0,208 0,784 BB .35
11504 35 John Day Morth Fork 0.785 0.701 £9.29
10415/04 B5 John Cay MNarth Fork 0.758 0.BEE 87.93
10M15/04 41 John Cay Marth Fork 0387 0.351 a0 .52
10¥15/04 3B John Day North Fork 0.854 0.7&e0 a7.97
10MS/04 26 John Cay Marth Fork 1.179 1.062 8926
1081504 74 John Day Marth Fork 0.617 0.528 8559
1001504 8487  |Umatila River {Cayuse site) 0,291 0.352 80.02
101504 | ssblank |Umatilla River [Cayuse site) 1.014 0878 86 65
101504 T Umatilla River (Cayuse site) 1.113 1.016 91.34
10M15/04 5596 Urnatilla River (Cayuse sibe) 1.239 1.109 89 66
1001504 &9 Umnatilla River (Cayuss site) 1.280 1.133 8855
101504 B768  |Umatilla River (Cayuse site) 0,456 0412 90,20
10504 2182 Umatilla River (Cayuse site) 0.530 0,474 8933
10415/04 7478 |Umatlla River (Cayuse site) 0.750 0.672 82 58
10415/04 B4 Umatilla River (Cayuse site) 1.148 1.001 87.18
1015004 BAT1  |Umatilla River ({Cayuse site) 0,752 0.623 92,13
5531005 67 Umatilla River (Emace us sie) no data no data nao data
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Physiological Processing by Freshwater Mussels

Appendix B. Tissue organic contents for freshwater mussels from CTUIR mussel transplant studies in
Oregon rivers sampled during 2004-2005. These were mussels that were taken from the North Fork
John Day site on July 21, 2004 and transplanted to the Middle Fork John Day, Umatilla, and within the
Morth Fork John Day site.
Ash-Free
Diry Dry Tissue
Tissue | Tissue | Organic
Date Sample Weight | Weight | Content
Sampled ID River Site Details (g) {g) (%)
L2105 68 Umatilla River (Emaceus site) no data na datz ng data
W03 G649 Umatilla River (Emaceus site) n2 data ne data 85.84
3105 T2 Umatilla River (Emaceus site) no data no data na cata
53105 T3 Umatilla Rver (Emaceus site) no data no data g7.00
3105 T4 Umatila River [Emaceus sita) no data no data 84.05
3105 Fis Umatilla Rver [Emaceus site) o data o date no data
BI3105 TG Umatilla River (Emaceus site) no data no data 88.62
SI3405 T7 Umatilla River (Emaceus site) no data no data no data
53105 78 Umatilla Raver (Emaceus sita) no data no data 8313
S/31005 &0 Umatilla River (Emaceus site) no data no dafa no data
531005 | &1 [Umatila River (Emaceus site) rodata | nodam | 8660
SI3105 G2 Umatilla River (Emaceus site) no data no data 8758
WI103 83 Umatilla River (Emaceus site) no dalta no data no data
= P G4 Umatilla River (Emaceus site) no data no data na data
3105 fatad Umatilla River (Emaceus site) no data o data no data
&/3105 &9 Umatilla Rever (Emaceus sita) no data na data fa data
3108 40 Ummatilla Rer (Emaceus site) ho data o data 88,73
E3105 a1 Umatilla River (Emaceus site) ro data ng data 85 85
3105 a2 Umatilla River (Emaceus site) no data no data B4 29
S/3105 a3 Umatilla River (Emaceus site) ne data na data B7.91
S3105 g4 Umatilla River (Emaceus site) no data no cata BY.63
3105 a3 Umatilla River (Emaceus site) no data ne datm 8925
SI3105 a5 Umatilla River (Emaceus site) no data no data 85.50
RIZ1005 ar Umatilla River (Emaceus site) no data no datz 90.01
2105 Q8 Umatilla River (Emaceus site) no data ne dats no daka
S2108 a9 Umatilla River (Emaceus site) no dats no data BBar
2105 100 Umatilla River (Emaceus site) no data no datz 8458
5/31/05 10 Umatilla Rver (Emaceus site) no data no cata &81.00
53105 102 Umatilla Rever (Emaceus site) no data no data 88 76
SE0E 103 LImatila Rver (Emaceus site) no data ne data 85,96
SI3105 104 Umatilla River (Emaceus site) no data no data 8585
SI305 105 Umatilla River [Emaceus site) no data no data no cata
3105 108 Umatilla Rever (Emaceus site) no data no cata no data
SI3105 107 Umatilla River (Emaceus site) no data ne data no data
305 105 Umatilla River (Emaceus site) no dats neo data no cata
53105 109 Umatilla River (Emaceus site) no data no data no data
W2103 110 Umatilla River [Emaceus sile) no data ne data 87.50
=R T 111 Umatilla River (Emaceus site) no data ne data 8015
W03 112 Umatilla River (Emaceus site) ne data ne data 8437
53105 113 Umatilla River (Emaceus site) no data no data 83.02
53105 114 Umatilla River [Emaceus site) no data o cata 4012
S3105 115 Limatilla Rwver (Emaceus site) no data na dats B4 62
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Physiological Processing by Freshwater Mussels

Appendix B. Tissue organic contents for freshwater mussels from CTUIR mussel transplant studies in
Oregon rivers sampled during 2004-2005. These were mussels that were taken from the Morth Fork
John Day site on July 21, 2004 and transplanted to the Middle Fork John Day, Umatilla, and within the
Morth Fork John Day site.
Ash-Free
Dry Dy Tissue
Tissue Tissue | Organic
Date Sample Weight | Weight | Content
Sampled ID River Site Details {g) (g} (%)
3105 116 Umatilla River [Emaceus site) no data no data 2990
af31/05 117 Umatilla River (Emaceus site) no data no data 8557
52105 118 Umatilla River (Emaceus site) ne data o data 88 56
531405 119 Umatilla Elver (Emacaus site) no data ho data g data
G305 120 |Umatilla River (Emaceus site) no data redata | 3181
3105 121 Umatilla River [(Emaceus site) no data no data 89.25
93105 =t Umatilla River (Emaceus site) no data no data 8529
_ER0S ) 6768 [Umetlx River{Fraceussibe; | Toidaa | Redal | daly
G315 G770 Umatllla River (Emaceus site) no data no data na data
5f31/05 G872 JUmatilla River (Emaceus site) no data no data na data
531045 8571 Umatilla River (Emaceus site) no data no data na data
5431505 aay72 Umatilla River (Emaceus site) no data no data 787
5031405 TO73 Umatilla River [Ernaceus site) no data no data no data
Gr31/05 7074 |Umatilla River (Emaceus site) no data no data 88,24
5131905 172 |Umatilia River (Emaceus site) no data no data 85 TS
af31/05 7173 |Umatilla River (Emaceus site) ho data no data a7.23
563105 7174 Umatilla River (Emaceus site) no data no data F2.31
Sr3105 7175 Umatilla River (Emaceus site) ho data no data no data
5r31/05 T276 Umatilla River (Emaceus site) no data no data na data
543105 7374 Umatilla River (Emaceus site) no data no data 24 09
5f31/05 7A75  |Umatilla River (Emaceus site) ho data no data 88 28
Gr31/05 TAIFT |Umatilla River (Emaceus site) no data no data no data
af31/M045 a7a  |Umatlla River (Emaceus site) o data no data na data
23105 TATT Umatilla River (Emaceus site) no datza no data no data
or31045 7478 Umatilla River (Emaceus site) no data, no data 28 66
G305 TL7E Umatilla River (Emaceus site) no data no data no data
Af31/05 VEIT |Umatilla River (Emaceus site) hio data ho data na cata
5431/05 TEYE Umatilla River (Emaceus site) no data no data no data
531405 7eys  |Umatilla River (Emaceus site) ho data no data no data
23105 e Umatilla River (Emaceus site) no data no data na data
93105 FEE0 Umatllla River (Emaceus site) no data no data 87.73
33105 Tiig Umatilla River (Emaceus site) no data no data no data
503105 Tiia Umatilla River (Emaceus site) no data no data na data
531505 T7an Umatilla River (Emaceus site) no data no data 8621
5f31/05 ira Umatilla River (Emacaus sita) hio data ho data 8553
563105 7881 Umaltilla River [Emaceus site) o data no data a7 4%
af31405 Fee2  |Umatila River (Emaceus site) no data no data 85,78
23105 Toad Umatilla River (Emaceus site) no datz no data ne data
3105 Toaz Umatilla River (Emaceus site) no data no data 8613
Sr31/05 TO83 Umatilla River (Emaceus site) no data no data 9081
53105 2082  |Umatilla River (Emaceus site) no data no data 8510
af31/04 2084 JUmatilla River (Emaceus site) o data o data o clats
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Physiological Processing by Freshwater Mussels

Appendix B. Tissue organic conlents for freshwater mussels from CTUIR mussel transplant studies in
Oregon rivers sampled during 2004-2005. These were mussels that were taken from the North Fork
John Day site on July 21, 2004 and transplanted to the Middle Fork John Day, Umatilla, and within the
Morth Fork John Day sile.
Ash-Free
Dry Dry Tissue
Tissue | Tissue | Organic
Date Sample Weight | Weight | Content
Sampled D River Site Details {g) {g) (%)
2105 8182 Umatilla River (Emaceus site) no data no data no data
3105 8183 Umatilla River {Emaceus site) no data no data 28 26
5431405 &184 Umatilla River (Emaceaus site) no data no data &4.24
331005 8286 Umatilla River (Emaceus site) no data no data 88.23
53105 8354 Limatilla River (Emaceus site) no data no data ho data
S31105 8387 Umatilla River (Emaceus site) no data no data 2666
3105 8456 Umatilla River (Emaceus site) no data no data no data
531105 8458 Umatilla River {(Emaceus site) no data no data 86.21
5/31/05 8586  |Umatilla River (Emaceus site) no data no data 8302
3105 8587 Umatilla River (Emaceus site) no data no data 8203
H31/05 8588 Limatifla River (Emaceus site) no dats no data no data
531105 8580 Umatilla River (Emaceus site) no data no data no data
HI105 flatads] Umatilla River {(Emaceus site) no data no data no data
52105 2690 Umatilla River {(Emaceus site) no data no data no data
531005 8788 |Umatillz River (Emaceus site) ng data no data 8559
531105 8785  |Umatilla River (Emaceus site) no data no data no data
2105 2530 Umatilla River (Emaceus site) no data no data 26.87
H3I105 3990 Umatilla River {Emaceus site) no data no data 88.21
3105 2991 Umatilla River {(Emaceus site) no data no data no data
53105 | 9092 |Umatilla River (Emaceus site) nodata | nodam | 9171
BI21005 9192 Limatilla River (Emaceus site) no data no data BE.24
531005 9193 |Umatilla River (Emaceus site) ng data no data 8914
H311056 9194 Umatilla River {(Emaceus site) no data no data no data
53105 9596 Umatilla River {Emaceus site) no data no data B86.58
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Physiological Processing by Freshwater Mussels

APPENDIX C
Appendix C. Complete set of clearance rate data for freshwater mussels collected from Oregon rivers during 2005-2006.
Dry
Shell Tissue Weight-Specific
Experiment | Mussel Length Weight Clearance Clearance Rate
Date Name' ID _ |Mussel Species River Site Name {mm) (@ Rate (L h™ Lh'gh
10/9/05 UMP 5 2987 |Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 62.37 0.90656 0.708 0.781
10/9/05 UMP 5 2988 Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 77.6 1.62004 1.024 0632
10/9/05 UMP 5 2989  Marqgaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 85.28 244109 0410 0.168
10/9/05 UMP 5 2990 iAnodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 36.24 0.21233 0.364 1.713
10/9/05 UMP 5 2891 |Anodonta calfornianus _ |John Day Middle Fork Fishing Hole - Site 3742 37.51 0.20339 0.351 1.723
10/9/05 UMP 5 2992 |Anodonfa californianus |John Day Middle Fork Fishing Hole - Site 3742 39.92 0.2734 0.304 1.111
10/9/05 UMP 5 2993 |Anodonta calfornianus _|John Day Middle Fork Fishing Hole - Site 3742 41.84 0.29755 0.296 0.996
10/9/05 UMP 5 2994 Anodonta calffornianus  |John Day Middle Fork Fishing Hole - Site 3742 44 .9 0.46129 0.231 0.501
10/9/05 UMP 5 2995 Anodonta calfornianus  |John Day Middle Fork Fishing Hole - Site 3742 47.95 0.50312 0.240 0478
10/9/05 UMP 5 2996 Anodonta californianus |John Day Middle Fork Fishing Hole - Site 3742 48.51 0.56753 0424 0.748
10/9/05 UMP 5 2997 |Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 44.74 0.43909 0.144 0.328
10/9/05 UMP 5 2998 Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 47.09 0.56417 0.302 0535
10/9/05 UMP 5 2999 | Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 57.31 0.94179 0.288 0.306
10/9/05 UMP 5 3000 Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 60.89 1.06627 0.302 0.283
10/9/05 UMP 5 693 Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 73.03 1.63361 0.397 0.243
10/9/05 UMP 5 694 | Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 77.39 26579 0.372 0.140
10/9/05 UMP 5 695  Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 78.58 2.26955 0.247 0.109
10/9/05 UMP 5 696 | Margaratifera falcata John Day Middle Fork Big Boulder Creek 44.76 0.28026 0.220 0.784
10/9/05 UMP 5 697  Margaratifera falcata John Day Middle Fork Big Boulder Creek 65.34 1.06697 0.393 0.368
10/9/05 UMP 5 698  Margaratifera falcata John Day Middle Fork Big Boulder Creek 69.73 1.07991 0.382 0.353
10/9/05 UMP 5 699 Margaratifera falcata John Day Middle Fork Big Boulder Creek 65.19 1.03736 0.220 0.212
10/9/05 UMP 5 700 | Margaratifera falcata John Day Middle Fork Big Boulder Creek 70.05 1.1414 0.553 0485
10/9/05 UMP 5 701 Margaratifera falcata John Day Middle Fork Big Boulder Creek 734 1.24833 0.353 0.283
10/9/05 UMP 5 702  Margaratifera falcata John Day Middle Fork Big Boulder Cresk 78.7 1.66825 0.382 0.217
10/9/05 UMP 5 703 Margaratifera falcata John Day North Fork Mussel bed 60.61 0.9109 0.349 0.383
10/9/05 UMP 5 704 | Margaratifera falcata John Day North Fork Mussel bed 61.28 0.92951 0.607 0.653
10/9/05 UMP 5 705 |Margaratitera falcata John Day North Fork Mussel bed 67.28 1.20233 0.561 0466
10/9/05 UMP 5 706 | Margaratifera falcata John Day North Fork Mussel bed 74.09 1.48121 0.278 0.187
10/9/05 UMP 5 707 | Margaratifera falcata John Day North Fork Mussel bed 79.88 1.7652 0.275 0.156
10/9/05 UMP 5 709 Margaratifera falcata John Day North Fork Mussel bed 93.87 2.99965 0.185 0.062
3/20/06 UMP & 955 | Margaratifera falcata John Day Middle Fork Big Boulder Creek 71.58 1.36788 0.315 0.230
3/20/06 UMP 6 956 | Margaratifera falcata John Day Middle Fork Big Boulder Creek 71.66 1.17983 0.384 0.325
3/20/06 UMP & 957 | Margaratifera falcata John Day Middle Fork Big Boulder Creek 72.65 1.60987 0.380 0.223
3/20/06 UMP 6 958 |Margaratifera falcata John Day Middle Fork Big Boulder Creek 76.42 1.81311 0.175 0.096
3/20/06 UMP & 959  Margaratifera falcata John Day Middle Fork Big Boulder Creek 83.29 1.97059 0.232 0.118
3/20/06 UMP 6 960 Margaratifera falcata John Day Middle Fork Big Boulder Creek 83.39 1.8839 0.155 0.082
3/20/06 UMP 6 962  Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 39.78 0.25189 0.205 0816
3/20/06 UMP 6 963 | Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 448 0.42368 0.278 0.657
3/20/06 UMP & 964  Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 79.76 0.52437 0.392 0.747
3/20/06 UMP 8 965 Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 5248 04918 0.213 0434
3/20/06 UMP & 967  Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 66.27 1.03728 0.244 0.235
3/20/06 UMP 8 969  Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 66.95 1.05091 0.119 0.113
3/20/06 UMP & 971 Margaratifera falcata John Day North Fork Mussel bed 58.19 0.68817 0.366 0.532
3/20/06 UMP & 973 | Margaratifera falcata John Day North Fork Mussel bed 70.65 1.17072 0419 0.358
3/20/06 UMP 6 974  |Margaratifera falcata John Day North Fork Mussel bed 73.09 1.45121 0.240 0.165
3/20/06 UMP & 976 Margaratifera falcata John Day North Fork Mussel bed 79.95 1.55778 0443 0.284
3/20/06 UMP 6 978 Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 46.43 0.46138 0.118 0.256
3/20/06 UMP 6 979 | Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 53.26 0.50684 0.221 0437
3/20/06 UMP 6 981 |Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 65.06 1.12511 0.348 0.310
3/20/06 UMP 6 982 | Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 74.13 1.39633 0.227 0.163
3/20/06 UMP 6 983 Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 77.85 226529 0.278 0.123
3/20/06 UMP & 986 | Anodonta californianrus | John Day Middle Fork Fishing Hole - Site 3742 387 0.13508 0416 3.076
3/20/06 UMP 6 987  iAnodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 42.96 0.3708 0.320 0.862
3/20/06 UMP & 988  |Anodonta californianrus | John Day Middle Fork Fishing Hole - Site 3742 46.56 0.55717 0.222 0.398
3/20/06 UMP 6 989  |Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 50.83 0.57145 0404 0.707
3/20/06 UMP 6 992  |Anodonta californianus | John Day Middle Fork Fishing Hole - Site 3742 50.53 0.45865 0.212 0463
3/20/06 UMP 6 993  Anodonfa oregonensis? |Umatilla Hermiston 56.1 0.69561 0419 0.602
8/24/06 UmMP 7 1525 | Margaratifera falcata John Day Middle Fork Big Boulder Creek 42.08 0.29775 0.639 2.146
8/24/06 UMP 7 1526 |Margaratifera falcata John Day Middle Fork Big Boulder Creek 46.11 0.33201 0.262 0.789
8/24/06 UMP 7 1527 |Margaratifera falcata John Day Middle Fork Big Boulder Creek 56.24 0.73771 0.518 0.703
8/24/06 UMP 7 1528 |Margaratifera falcata John Day Middle Fork Big Boulder Creek 63.29 0.95793 04864 0484
8/24/06 UMP 7 1529 Margaratifera falcata John Day Middle Fork Big Boulder Creek 75 1.56807 0.394 0.251
8/24/06 UMP 7 1530 Margaratifera falcata John Day Middle Fork Big Boulder Creek 9543 2.01804 0.344 0.170
8/24/06 UMP 7 1631 Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 37.61 0.31934 0.289 0.907
8/24/06 UMP 7 1532 |Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 41.73 0.33079 0.630 1.904
8/24/06 UMP 7 1633 |Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 46.3 0.40756 1.101 2.702
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Appendix C. Complete set of clearance rate data for freshwater mussels collected from Oregon rivers during 2005-2006.
Dry
shell | Tissue Weight-Specific
Experiment | Mussel Length | Weight Clearance Clearance Rate
Date Name' ID  |Mussel Species River site Name {mm) {a) Rate (L h') {Lh'g"
10/9/05 UMP 5 2987 Margaratifera faicata John Day Middle Fork Fishing Hole - Site 3742 62.37 0.90656 0.708 0.781
10/9/05 UMP 5 2988 :Margaratifera faicata John Day Middle Fork Fishing Hole - Site 3742 776 1.62004 1.024 0.632
10/9/05 UMP 5 2989 iMargaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 85.28 2.44109 0410 0.168
10/9/05 UMP5 2990 iAnodonta californianus _ |John Day Middle Fork Fishing Hole - Site 3742 36.24 0.21233 0.364 1.713
10/9/05 UMP 5 2991 Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 37.51 0.20339 0.351 1.723
10/9/05 UMP 5 2992 Anodonta calfornianus  |John Day Middle Fork Fishing Hole - Site 3742 39.92 0.2734 0.304 1.111
10/9/05 UMP 5 2993 !Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 41.84 0.29755 0.296 0.996
10/9/05 UMP5 2994 Anodonta californianus _ |John Day Middle Fork Fishing Hole - Site 3742 44 .9 0.46129 0.231 0.501
10/9/05 UMP 5 2995 Anodonta calfornianus  |John Day Middle Fork Fishing Hole - Site 3742 47.95 0.50312 0.240 0476
10/9/05 UMP 5 2996 :Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 48.51 0.56753 0424 0.748
10/9/05 UMP 5 2997 iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 44.74 0.43909 0.144 0.328
10/9/05 UMP 5 2998 iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 47.09 0.56417 0.302 0.635
10/9/05 UMP 5 2999 :Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 57.31 0.94179 0.288 0.308
10/9/05 UMP 5 3000 Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 60.89 1.06627 0.302 0.283
10/9/05 UMP 5 693 iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 73.03 1.63361 0.397 0.243
10/9/05 UMP 5 694 {Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 77.39 26579 0.372 0.140
10/9/05 UMP 5 695 iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 78.58 2.26955 0.247 0.109
10/9/05 UMP 5 696  Margaratifera falcata John Day Middle Fork Big Boulder Creek 44.76 0.28026 0.220 0.784
10/9/05 UMP 5 697 Margaratifera falcata John Day Middle Fork Big Boulder Creek 65.34 1.06697 0.393 0.368
10/9/05 UMP 5 698  Margaratifera falcata John Day Middle Fork Big Boulder Creek 69.73 1.07991 0.382 0.353
10/9/05 UMP 5 698  Margaratifera falcata John Day Middle Fork Big Boulder Creek 65.19 1.03736 0.220 0.212
10/9/05 UMP 5 700 Margaratifera falcata John Day Middle Fork Big Boulder Creek 70.05 1.1414 0553 0485
10/9/05 UMP 5 701 Marqaratifera falcata John Day Middle Fork Big Boulder Creek 734 1.24833 0.353 0.283
10/9/05 UMP 5 702  Margaratifera falcata John Day Middle Fork Big Boulder Creek 78.7 1.66825 0.362 0.217
10/9/05 UMP 5 703 Margaratifera falcata John Day North Fork Mussel bed 60.61 0.9109 0.349 0.383
10/9/05 UMP 5 704  iMargaratifera falcata John Day North Fork Mussel bed 61.28 0.92851 0.607 0.653
10/9/05 UMP 5 705 Margaratifera falcata John Day North Fork Mussel bed 67.28 1.20233 0.561 0466
10/9/05 UMP 5 706  Margaratifera falcata John Day North Fork Mussel bed 74.09 1.48121 0.278 0.187
10/9/05 UMP 5 707  Margaratifera falcata John Day North Fork Mussel bed 79.88 1.7652 0.275 0.156
10/9/05 UMP 5 709 Margaratifera falcata John Day North Fork Mussel bed 93.87 2.99965 0.185 0.062
3/20/06 UMP 6 955  Margaratifera falcata John Day Middle Fork Big Boulder Creek 71.58 1.36788 0315 0.230
3/20/06 UMP 6 956  Margaratifera falcata John Day Middle Fork Big Boulder Creek 71.66 1.17983 0.384 0.3256
3/20/06 UMP 6 957  Margaratifera falcata John Day Middle Fork Big Boulder Creek 72.65 1.60987 0.360 0.223
3/20/06 UMP 6 958  Margaratifera falcata John Day Middle Fork Big Boulder Creek 7642 1.81311 0.175 0.098
3/20/06 UMP 6 959  Margaratifera falcata John Day Middle Fork Big Boulder Creek 83.29 1.97059 0232 0.118
3/20/06 UMP 6 960 Margaratifera falcata John Day Middle Fork Big Boulder Creek 83.39 1.8839 0.155 0.082
3/20/06 UMP 6 962  iMargaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 39.78 0.25189 0.205 0.816
3/20/06 UMP 6 963  [Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 44.8 0.42368 0.278 0.657
3/20/06 UMP 8 964 Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 79.76 0.52437 0.392 0.747
3/20/06 UMP 6 965 {Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 52.48 04918 0.213 0434
3/20/06 UMP 6 967  Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 66.27 1.03728 0.244 0.235
3/20/06 UMP 6 969  Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 66.95 1.05091 0.119 0.113
3/20/06 UMP 6 971 Margaratifera falcata John Day North Fork Mussel bed 58.19 0.68817 0.366 0.532
3/20/06 UMP 6 973  Margaratifera falcata John Day North Fork Mussel bed 70.65 1.17072 0419 0.358
3/20/06 UMP 6 974  (Margaratifera falcata John Day North Fork Mussel bed 73.09 1.45121 0.240 0.165
3/20/06 UMP 6 976  Margaratifera falcata John Day North Fork Mussel bed 79.95 1.65778 0443 0.284
3/20/06 UMP 8 978 iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 46.43 0.46138 0.118 0.256
3/20/06 UMP 6 979  iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 53.26 0.50684 0.221 0437
3/20/06 UMP 6 981 {Gonidea sp. John Day Middle Fork Fishing Hole - Site 3742 65.06 1.12511 0.348 0.310
3/20/06 UMP 6 982 iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 74.13 1.38633 0.227 0.163
3/20/06 UMP 6 983 iGonidea sp. John Day Middle Fork Fishing Hole - Site 3742 77.85 2.25529 0.278 0.123
3/20/06 UMP 6 986  Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 38.7 0.13506 04186 3.076
3/20/06 UMP 6 987  iAnodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 42.96 0.3708 0.320 0.862
3/20/06 UMP 6 988 Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 46.56 055717 0222 0.398
3/20/06 UMP 6 988  Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 50.83 057145 0404 0.707
3/20/06 UMP 6 992  Anodonta californianus  |John Day Middle Fork Fishing Hole - Site 3742 50.53 0.45865 0212 0483
3/20/06 UMP 6 993  Anodonta oregonensis? |Umatilla Hermiston 56.1 0.69561 0419 0.602
8/24/06 UMP 7 1525 :Margaratifera faicata John Day Middle Fork Big Boulder Creek 42.08 0.29775 0,639 2.146
8/24/06 UMP 7 1526 Margaratifera falcata John Day Middle Fork Big Boulder Creek 46.11 0.33201 0.262 0.789
8/24/06 UMP 7 1527 iMargaratifera falcata John Day Middle Fork Big Boulder Creek 56.24 0.73771 0518 0.703
8/24/06 UMP 7 1528 iMargaratifera falcata John Day Middle Fork Big Boulder Creek 63.29 0.95793 0464 0484
8/24/06 UMP 7 1529 :Margaratifera faicata John Day Middle Fork Big Boulder Creek 75 1.56807 0.394 0.251
8/24/06 UMP 7 1530 :Margaratifera falcata John Day Middle Fork Big Boulder Creek 9543 2.01804 0.344 0.170
8/24/06 UMP 7 1531 iMargaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 37.61 0.31934 0.289 0.907
8/24/06 UMP 7 1532 Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 41.73 0.33079 0.630 1.904
8/24/06 UMP 7 1533 |Margaratifera falcata John Day Middle Fork Fishing Hole - Site 3742 46.3 0.40756 1.101 2.702
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Appendix C. Complete set of clearance rate data for freshwater mussels collected from Cregan rivers duting 2005-2006
Dry
Shell Tissue Welght-Specific
Experiment | pusse| Lengtih | Weigit Clearance = Clearance Rale
Date Name' 1D |Mussel Species |River Site Marme {prm) I Rate L h') Lh'gh
| B2406 | UMP7 | 1534 |Mergarstifers faicats |Jchn Day Midde Fork  FishingHole- Sue 3742 | 5625 | 068329 o670 13285
BIZ4i06 LIMF 7 1536 | Mamaratifera faicata John Day Midde Fork  /Fishing Hole - Site 3742 | 58,24 | 056236 0681 1.043
BRAME | UMPT | 1536 |Mergarsiifers faicals  |John Day Midde Fork  Fishing Hole - Site 3742 | 7924 | 167803 | 0310 0203
BIZ4I06 UMP 1537 | Govidea 5p John Day Midde Fock  Fishing Hole - Site 3742 | 4381 | 03538 0,697 1815
_BEADE | UME T 1538 |Genides 5p _|fehn Day Middle Foek  (Fishing Hele - Ste 3742 | 5667 | 097072 | 1338 1375
BI24i06 UMP 7 1538 |Gonides sp John Day Midds Fork ishing Hole - Site 3742 | @108 | 097958 0,167 0188
BRANE | UMPY | 1540 | Govhdea Sp ___|dohn Day Middie Feek  Fishing Hede - Site 3742 | 6688 | 142617 |  0.608 JUE P
BIZ4/06 UMF 7 1541 | Gonides sp John Dy Midde Fork shing Hole - Site 5742 | 68,34 | 09405 0,816 0847
| 82406 | UMPT | 1542 Fishing Hole - Site 3742 | 824 | 248833 | 0387 AL B
BIZ4I06 UMF 7 1543 {Fishing Hole - Site 3742 337 | 018708 0,807 4,850
B2406 |  UMPT | 1544 Fock  (FishingHole- Se 3742 | 3822 | 023723 | 0837 .
BIZ4I08 UMP 7 1545 Fork  Fishing Hole - Sie 5742 | 4043 | 028277 0.485 1715
| Br24E | UMPT 1346 __|John Day Middle ek Fishing Hole - Ste 3742 | 4368 | 048962 | 0876 17 B
BIZ4I0E UMP 7 1547 |Amodonta caiformianus _ [John Day Midde Fork  Fishing Hole - Ste 3742 | 51,21 | 042542 0,662 1533
AIZ4/06 UMP 7 1548 |Anodonts caifornvanus  |John Day Midde Ferk  Fishing Hede - Se 3742 | 5017 | 0.62679 0675 1 a2
BI24I06E UMP 7 1548 | Armedonta omgonensis? _ [Umatila Hermistan (%] 063481 1.218 1818
| B24/08 UMP 7 1550 |Amodonts cregonensis?  |Umatila [Hermiston A6 105476 1.106 1048
BI24I05 UMP 7 1561 | Amedonta smgoneasis? _ [Limatila Henmiston 7337 | 103148 1619 1473
BIZ4/08 UMP 7 1552 |Ancdonts cregonensis? _|Umaila Hermislon a0.6d | 1539799 0641 G458
BIZ4I0E UMP 7 1563 | Ancdonta cregonensis?  |Umaidla Harmisten 7924 | 148195 0,778 0.521
BI24/06 UMP 7 1554 | Ancdonta creganensis?  [Umatila HamrElan 53.43 142873 0.931 0652
82406 | UMPY 1568 | Amodonta cregonensiz?  [Umatiia |Hanmisten 8553 | 165630 0,631 0382
Bi24006 UMP 7 1556 |Ancdonts aegonensie?  [Umatila [Hanmislon 5,68 1.82135 0611 318
12406 UMF 7 1557 | Amodonta salifarmi Umatila ‘Hanmistan 51,87 | 05467 0802 1 885
| BIZ40E UMP 7 1558 |Amedanta catformanis  [Umatila Herristan 6515 | 0.79298 0.793 0.599
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APPENDIX D
Appendix D. Physiolagical data for freshwater mussels collected from Gregon rvers during 200:5-2008.
TR
Dry Specific .Hi
Shell | Tissue |Welght-Specific | Weight-Specilic | Weight-Specilic | Abzarption | Absorption
Experiment | Mussel Length | Weight | Clearance Rate [ Filbration Rate | Filiration Rate | Efficiency |[Rate{mg Ch
Dale Mame" D |Muszel Species River Site Marme frmemi} (9 Lh'g" (mgPMh'g") | (mgch’g") %4 ")
42305 LMF 1 F-1_|Mameratifars fakcata John Dy Middle Fork | Fishing Hele - SHa 3742 ATO0E | DL34E 1174 7.26 142 9898 | 0.142
WIS UMF 1 F-9  |Mergaraifers fakate John Dy Middle Fork Fishing Hole - Sile 3742 4546 | D427 1.025 6.5 1.4 BEE | 01D
H2IMS UMP 1 MeE | Memsmaifors fakats Jaihn Dray Middle Fork Flshing Hole - Sile 3742 618 | Doavss 0.262 1.62 032 £17 | 0.020
WIS UMP 1 MEZ | Mergaraiifers fakate John Dy Middle Fork Fishing Hele - Site 3742 6431 | 0.BOTIE .61 3.16 062 B.az 0,055
MRS UKP 1 ALS-83 |Margsmtfers fakats Jeih Day Middle Ferk Fighing Hele - Sile 3742 7547 | 1.204se 0144 0.53 017 720 0.013
HZITS UNF 1 HSE  |Amedonts ceifemEnes | Jonn Day Midds Fork Fizhing Hale - She 3742 3875 | 0.31121 1.065 5.50 1.29 11.09 0,143
WIS UMP 1 F-5  |Anadenis coifomianss | Jenn Day Middle Ferk Fighing Hele - Site 3742 w5 | paswia 0388 £.12 1.20 10.77 0120
HZITS UMF 1 F-6  |Arodonts ceifrmianes | Jonn Day Middle Ferk | Flshing Hole - Siie 3742 440 | 045414 0385 .11 119 9.5 0,115
LTI LIMF 4 F-1  |Anogonts caifmianes | Jenn Day Midals Fork Fishing Hola - Siia 3742 4813 | 051453 0469 2.90 057 9.77 0,054
23S UMP 1 ME1  |Arodonts coMmianws | John Day Midde Fork Fishing Hele - Sile 3742 48.05 | D4393 0.831 514 1M 081 | 0im
EEL UMF 1 F-7  |Ampdonts coiferm@nes | Jonn Day Midole Fork | Fishing Hols - Site 3742 042 | 047471 0142 0.58 07 1161 0.020
ATING UME 1 W2 |Anodonta calomianes | John Day Middle Fork | FishingHole - Sa 3742 | 5695 | 0.6sdse 0,082 .61 0,10 1013 .00
JEITS UMF 1 M3T | Goriies 3p. John Day Middle Fork | Flshing Hole - Siie 3742 7234 | 1.23061 0345 214 042 1213 | 005t
BT UMP 2 HST  Mamgemifars fakals John Day Middle Fork Fishing Hola - Sfia 3747 4626 D43F6T 0173 1.67 0.2 a7z 0.008
ARG LIP 2 MiE  Margaratiors fakats John Dy Middle Fork Fishing Hole - Sila 3742 T4i3 1.2EGES 0,597 470 0.7z 816 0,054
J2304 LIMF 2 M3S  Mamemifars fakats John Diay Middle Fork Fishing Hole - SHia 3742 5002 DBIGE 0.387 240 DAT 9.08 0.043
ARG UMP 2 MBS  Margeratfars fakatas John Day, Merth Fark Mussel hed BE.2E 1 D3I 0,261 1.64 0.8 .56 0,01%
WIS LIP 2 MED  Margaralifers fakals John Day, Merh Fark Mussel bed BO3E 002144 0135 1.23 o 1.08 0,002
AZINE LiMP 2 F-4  Mamgemtfars faicata John Day, Marth Fork Mus sel bed s333  De3TE 13522 8,29 144 4,06 0,058
XIS LRP 2 F-B  Adargaratifors faksis Jehn Day, Marth Fark Muz el bed Eo.9d 127085 0.0ES 0.41 007 1.61 0.001
WIS UMP 2 ALS-04  Margeraiiens fials John Dy, Marlh Fark Mus sl bed 8902 170435 0,060 0.38 007 4.69 0,003
AE LRP 2 ME1  Msrgaraffars fakafs Jehn Dy, Marth Fork Kuz 5ol bed THO3 12505 0,157 0.8 047 £ 5E 0,910
23S LINP 2 NT1  Mergeraifers fakals Jahi Day, Morlh Fark Mussel bed B09T 077251 0.200 1.31 0.3 3,76 0,009
BIZTS LMP 3 1001 | Mergsraifers fakats Joihn Day Middle Fork Fizhing Hele - SHie 3742 3452 | 0459125 1.208 353 1.38 5417 | 0746
GIXE LP 2 1002 |Margaraiifers fakais John Day Middle Fork Fishing Hole - Sile 3742 3695 | 0MTEE 2.687 2.07 1.16 5405 | 0EZE
BIZTS UM 3 1003 | Mergsraifers fakats Joihn Diay Migdle Fork | Fighing Hole - Sile 3742 4486 | 047205 1.501 1.98 077 5407 | 0a1a
B2205 UMP 3 1004 | Mergamifers faicats John Dy Middle Fork Fishing Hele - She 3742 5205 | 058172 0671 0.74 0.29 5362 0,155
BIZS LM 3 1005 | Margaraifers fakats John Day Middle Fork Fishing Hole - Sile 3742 6074 | D.B0336 0.407 0.45 017 55.64 0.097
E2205 R 1006 | Mergaraifers fakats John Day Middle Fork Fizhing Hele - Se 3742 £9.22 | 1.23%68 0.320 0.35 0.4 5616 0.077
[ LIMF 3 1007 | Mangermifars fakate Joihn Day Middle Fork Fishing Hols - Siie 3742 7126 | 13246 0283 2.3 .12 54 85 0.0E7
[ UMP 3 1008 |Anadonts caifpmianss | Jenn Day Middle Fork Fighing Hele - Sile 3742 3341 | 03307 4098 451 1.76 54.85 0.9E5
BZ2MS UMF 3 1005 |Anpdonts caifermanys | John Day Midds Fork | Fishing Hole - Site 3742 IBTE | D4z 4,338 4.54 1,89 ne faces | nomad date
G5 UME 3 110 |Anodonta caldomianes | John Day Middle Fork Fishing Holn - Sile 3743 wrz | 0239 1,790 1.97 077 B 06 0420
[ UMP3 | 1011 |Ancdosts ceifermanys | John Dy Middle Fork Flshing Hole - Se 3742 434 0.3445 0.920 1.01 040 5566 | 0224
B4 LIMF 3 112 |Anodonta caldormianes | John Day Middle Ferk | Fishing Hols - Sia 3743 4793 | 040915 074 041 0,18 nsEE | 0081
GEXLE LMP 2 1013 |Anodonta caiformiancs | John Day Middle Fork Fishing Hole - SHa 3742 4030 | 04411 0.893 .98 .28 411 | 0aT
BiZ2m4 LIMF 2 104 |Amodonta caiferranes | Jonn Day Midde Fork  |Fishing Hole - Sla 3742 4961 | D4157E 1.189 132 051 5547 | 0299
GG LIP3 M6 |Ganidaas sp. John Dy Middle Fork | Fishing Helo - Sita 3742 4762 | 080267 0.626 0.58 027 BB | 0147
GIELS UMP 3 MG | Gonides zp. John Dy Middle Fork Fishing Hole - Sile 3742 57.08 | 0.75M7 D44z 0.43 0.1 5361 | 0.2
G LIP3 T | Gondes 5. John Day Middla Fork | Fishing Hols - Sia 3742 ET&E | 0.EIERT 0,394 .43 617 Bhz9 | oo
GRS LMP 2 B | Gonides sp. John Day Middle Fork Fishing Hole - Sile 3742 6639 | 09525 024 0.6 0.4 5320 | 04074
[ LMP 3 18 | Gonkdes 2p. Jehn Diay Middle Ferk Fishing Hele - Sile 3742 6773 | 120208 0102 041 004 418 | 0.0M
GG UMF 2 1021 |Gankdaa sp, John Day Middie Fork Fishing Hele - Sila 3742 7925 | 218877 0,159 0.18 007 5636 | 0,08
GIE LMP 4 1048 Mergaraifers fakals Jehe Diay Middle Ferk Fighing Hele - Site 3742 E03  0.BESET 1.035 1.14 A4 53.08 0,238
B2 LMP 4 1050 MergerEifens fakats John Day Middle Fork Widcal Point 6687 110356 0.235 0.26 010 53.80 0,054 128
GIXLIDE LIMP & 061 Margaraifers fakais Jehn Day Middle Ferk  Wideal Peinl 7195 143865 0237 0.26 .10 E3.ET 0085
BI22MS UP 4 052 Margeraifers Takals Johr Day Middle Fork  Wadeal Poinl 8033 174088 0186 0.20 .08 54.53 0.043
B35 UMP4 | 1053 Ancdopts ceimignys  |Jonn Dy Middle Fork  Wideal Polnt 4772 03798 1,284 144 055 5472 0302
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26 P 4 1054 Anodonta calfomianus John Dy Middia For Wikdcal Poiml 5027 0856417 LI 016 0,05 E5.TT 0052
LTy 1] LRiP & 10656 Margarsifecs feiala John Day Widde For Fighing Hobe - Sile 3742 T 0 265 1.8&6 T Q.61 5228 0424
BIEE LRiP & 1057 Marparsifers falals John Day Midde Fork Fishing Hobs - Sile 3742 &4 .18 06243 0543 (i1} 0.23 5183 0i21
GT2A5 LF 4 158 Margarsiiens fabala John Day Midde Foric Fishing Hoa - Site 3742 602 1.32745 0487 54 0.z 5268 o110
B2 L2 1059 Mavgarsiders fakata Johin Diay Middie For Rilber Hot Springs B 15 258718 5 D24 0.0 E2.16 0044
il ] LiP 4 1060  Margarsidars falcata John Day Middia Fori Rittar Het Sarings o3 14 088568 T o.7E 0.21 B2 o181
BrE2AS URiP 4 1061 Ascdsnta ceilermiamus John Doy Midde Fork Rilber Hod Springs A5 .65 015057 1.584 175 0.Ed 5485 0376
BE2O5  UMP4 1082 Apodonfa coiormianus | John Day Middie Fork  Rifer Hot Springs 488 081900 0230 DAY 0.18 4522 0.0
el LRAF 4 1064 Margarsiters fakata John Day Marth Fork husgel bad 26.99 022541 1.56% 303 058 4T 0437
B AE LaiP 4 1065 Mavparsifers fakata John Diay Marth Fork Mussed bed Bd.81 045228 1.314 254 082 d4 84 0356
WI2As LBF 4 D65 +107[ Marparaifens fakala Jizhn Dy Barh Fork husged bed 63.65 285304 0243 0AT 0.3 3383 0031
BIE2A5 LRiP & 1067 Margarsiiers falals Juhin Day Mok Fork Musgel bed 71452 1.1906 037 073 o.M arao 0057
§E2OE  UMP4 1068 Margaretders fakata  |Jonn Dey North Fors  Mussal bad 074 14520 0458 LED 028 w45 0038
BE2NS LaiP 4 1069 Mavparsifers fakals Jahin Day Marh Fork Muggel bed E3a3 1.87ETT 0454 Ag 0.2 3608 0102
10886 LiP 5 20903 | Mavgarsifers fakata John Dy Middie Foris Fishing Hoba - Site 3742 2428 0.9 10248 .10 5.2 5354 2089
1035 LP 5 2984 | Marparsifers fakarta John Day Middie For Fighing Hoba - Site 3742 44 .51 036546 1.822 152 Q.62 £2.29 0354
1088 P 5 1986 |Margarsidars falcata John Day Middie Forc Fishing Hoba - Site 37432 £3.96 0.68888 1.834 1.1 0.49 6784 .285
DA% | UMPS | 3596 | Margaratsens faiata John Day Middia Fore  Fishing Hole - Site 3742 | 4336 | 052485 3733 295 1.20 _ G618 | 0673
10/ LRP 5 2087 | Mavparsifers fakats John Diay Middie For Fishing Habe - Sile 3742 B2 3T 090656 0.7t [ 0.25 5065 0. 1449
103as UMF 5§ 2788 | Marparsivens fakala Jiahn Day Middia For Flshing Haba - Site 3742 7.6 162004 0632 AR 0.2 15T 0123
10885 LRiF 5 2939 | Marparsifers fakata John Day Midde Fork Fighing Habe - Site 3742 85.28 244109 0168 'Rk 0.05 61.54 0.033
108886 LdiP 5 2990 |Ansdonta calfomianys John Diary Middia Fori Fishing Hoba - Site 3742 35,24 0.21243 1.713 1,36 Q.85 e0.13 01350
10485 LIiP 5 2091 |Ascdkrnfa caormiamus John Day Midds Fori Fighing Hobe - Sile 3742 a71.51 0.20339 1.723 136 0.55 .20 0.333
10285 LRiP 5 2892 |Ascdenla ceifomianis John Dy Midde Fork Fishing Hobe - Sile 3742 29 .92 0.2734 1.111 0aE 10,25 5992 0214
135 LR 5 2793 |Anodenta ceifNTEmIE John Dray Middie For Flshing Hoba - Site 3742 41.54 0.29755 0.936 0Te 0.32 5045 D&
10/ AE LAP 5 2004 |Ancdonta calformianus John Diay Middie For Fishing Haba - Site 3742 44 .9 0.4612 0641 Al .15 E3.01 a.1a1
10/EE LWF § 2995  |Apodonta calformianys John Dy Middia For Fishing Hobe - Site 3742 47 .85 0.80312 0476 [ 0.15 [ H<l] 0.091
10/Mas LRAP 5 256 |Ancdenta ceiformierus Johin Day Middie Fork Fishing Hobe - Site 3742 44.51 0.56753 0748 0.5% 0.4 201 0145
1vaas LBP § 2997 |Gonidea sp. John Dy Middie Foric Fishing Hoba - Site 3742 44.74 Q43309 0.328 028 2m 6162 0o&s
1073A5 LBIF 5 2998 | Gonkded S Jahn Day Midda For Flshing Haa - Sita 3742 47.09 Q56417 0.535 b4z 0.7 61.94 0106
10886 LiP 5 2899 | Sanddea sp John Diay Middie Fors Fishing Hobe - Site 3742 E7.31 0.94179 0.306 .24 0.10 £9.84 0054
_10Aaas LBF 5 3000 | Gankded 0. John Day Middie Foric Flahing Hobe - Site 3742 E0.89 1.06627 0.233 022 0.03 61.60 1.056
10285 LBMP 5 623 Goaighed S0, Jiohn Dy Middie Fork Fishing Hobe - Sile 3742 T3.03 1.63361 0.243 019 0.0 G164 0048
| 1Eas LRAF & G54 | Gonided 5p. John Day Midda Fore  |Fishing Hola - St 3742 | 7733 | 2 E47S 0.140. am 004 5329 _00zy
1005 LRIP 5 695 Gondea Sp. Jahn Diay Middie For Fishing Hobs - Sile 3742 Ti.58 2. 26955 0108 0% .05 5494 0018
10/aE LAP & G696 fHargamifers fakcata John Dy Middie Fork Big Boulder Creek 4476 026036 0784 1.14 0,35 0,88 0105
1095 UBMP 5 69T Marparsifers faata John Day Midds Fork |Eu Bedlder Creak E5.34 1.0665T 0.368 053 0.6 69 0.051
10888 LP § =L Harparsitara fakcata John Day Middie Forc |E|g Broulder Crank £4.73 107491 0.353 51 0,15 3018 0.048
IHEAs | LME S B39 | Margaratraa facata John Dary Middia For Elig Bowlder Cresk (B8 | 10373 Nz gt 009 2104 o023
10205 iP5 700 Marparaifers falcalts John Dy kiddie Fork |Bg Bleulder Creek T0.05 19414 0.485 0.70 0.x2 2804 0063
10/3/5% LP 5 i) Hargarsitens facala Jann Day Middia For ’w Boulder Cresk T34 1.24833 0.283 D41 0.3 0.7 0036
10/ 85 LRUP 5 a2 Marparsifers fakbata John Day Midde Fork Bl Beulder Craek TB.T 166825 0217 032 0.10 .25 0.023
110G P 6 103 Harparmeitara faata John Dy Middia Fors Big Boulder Crark &.61 05109 0383 (13 0,17 1102 0024
10/ 05 LRiP 5 T4 Marparsifers felala John Dray Mol Fork Mussel bed &1.28 0.92851 0653 107 Q.25 1566 0.038
1085 LRdP 5 T05 Harparaifers facala John Day Marlh Fork Mussel bed ET.26 1.20233 0.46E 0LTE 0,18 15.85 0.028
135 LR 5 06 Marparsifers favata John Dy Marth Fork Mussal bad 7402 148129 087 .31 0.07 1584 .01
10886 LdP 5 a7 tHargarsifers fakcata John Diay Harh Fork Mussel bed 74.88 17652 0156 0.2& 005 1736 0010
10806 LWF 6 k] Harparsitara facata John Dy Marth Foric fussel bed 93 87 2.959e5 0 0&2 010 .02 15.38 00
el Bl UniP 6 955 Marparsifers fakcala John Day Midds For Eig Boulder Creek T1.56 13676 0230 034 0.20 1854 0056
G006 UMPE 955  Margarstters farata |Jofn Dey Midoe Fore  Big Soulder Crank 7165 147363 0325 133 043 18.95 0081
WA LBF & 957 Margarsifers faata Jiohn Dary Middie Fori Big Bouldar Creak T2.65 160967 0.223 GAaz Q0.1 2387 0070
WHAE AP & 958 Hargaraifers fakata John Diay Midde Fors Big Boulder Creek Ta 4z 181311 0.096 b4l 0.13 1368 0043
WA LBAP & 958 Marparsiifers fakata John Day Midds Fork Eig Bodlder Creak 5329 1.97053 LIS BE:3 DAE 0.5 .24 0045
el Bl 4P 6 3&0 Margareiifers fakala John Day Midde Fork Eig Bewlder Creek E3.39 1.68349 noa2 034 A1 HAE 0037
32006 UMEE 561 Margarstfars fakata | John Day Midde Fork  FishingHol-Site 374z | 3378 0.26183 0815 238 059 3743 0.372
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AE005 UMP & 963 Margaratfera ficata John Day Middia Fork Fishing Hola - Site 2742 44 8 0.42364 0,687 237 080 ELAL] 0304
Tt i URiP & Sid fargaratiiens Gricata Jahn Day Middie Fork Fishing Hole - Sile 3742 T9. 78 0.52437 0.747 259 a1 JE2Y 0.M7
22005 LMP & 964 Margaratfera fakcata John Day Middia Fork Fishing Hota - S#a 3742 6744 044918 0,434 1.66 053 3635 0192
2000 URiP & SB7 Hargaratiens frcata Jahn Day Middie Fork Fishing Hole - Sile 3742 BE.27 1.037Z8 0,225 0.53 029 AEAT i
S200s UMP & 969 Margarstiens fvala Jake Dy diddie Fork Flehing Hode - Site 3742 &E.55 1.050%1 0113 041 014 3659 0.050
A2000E URP E am TMargaratienn Gricata Jahn Dhay Marlh Fork Mussel bed 58.14 068817 0522 1.04 04T TE24 0.256
S0 UMP B ars Margaratifers frela Jakin Dray Marh Fark Museaf bad TO.E5 1.17072 0.3548 0.70 31 TEA1 0_236
Elea et LMF B 974 MargaraiTerd fiata <Hohn Dy Marh Ferk Misszel bed Ti.03 145121 0,165 032 04 TEAS one
Sr20E LIRP 6 aTE Mevgaratiens sirela b Ciay Marh Fork Museel bed T9.95 1.55778 0.264 0.56 025 T4.36 0.185
32000 LIMF & 978 Gonkdes . b Dy Alddse Fork: Flzhing Hele - Sie T4z 4643 046133 0,255 032 0.3 2658 0088
A2000s LKF & a79 Gomidea 5p Jahn Olay Middia Fork Fishing Hoda = Site 3742 [ B 0. 50684 0,447 1.67 053 3199 0170
Sr20ims LIMF & 351 Farmdes 5. Jahn Dy Midda Fork Flshing Hoe - SRe 3742 55,06 112511 Q.31 111 .38 3063 n1s
Ar20/05 UMP & 982 Gomdea sp Jahn Day Middia Fork Fishing Hola - Sile 3742 7413 1,39633 0,1E3 085 020 227 0.054
SF200E UP & 983 Goamides 5p. Jahn Dy Middie Fork Fishing Hole - Site 3742 TI.BS 225528 L1 ] 044 LI |1 2805 0042
Az0/05 UMP & 986 Apodonta caWomignus | Jobn Day Middia Fork Fishing Hola - e 3742 g7 0,13506 3075 1108 174 31,30 1170
S0 UriP & 987  Ascdonis caffornmnas Jahn Cray Mliddis Fork Fishing Hole - e 3742 42 55 i e 0.8E2 510 1106 3396 0356
Q20 URP B 988 Aocdonts camamignis John Dray Bdidde Fark Fighing Hole - Sile 3742 +6.56 0.55717 0,353 143 DA na dala ne dala
20008 UmiP B 989 Ascdonts calamigiiis Jahn Dy Middis Fork Fishing Hole - Sfe 3742 G0.63 0.57145 0.707 2.65 0AaE 3078 02564
20 UNP & 252 Aopdonts caffomignis John Dy Biiddse Fork Fighing Hobe - Sie 3742 50.53 045965 0463 1.67T 036 3273 D154
AznTe UMP & 993 Ancdorts oregomensls”  (Umathla Hermilstan BN 065561 nen2 297 052 ] 0038
Q2400 URP 7 1525 | Marparalifens Givala Hohn Cray iddse Fork Elg Soulder Cresk 42,09 0.25773 2.14% 5.69 187 2875 0535
245 UMF 7 1326 |Marparahfers fcata Jahn Day Bldida Fark |Eig Boulder Craak 45,11 0.32201 0.7E9 2.09 1] 3254 0223
B4 05 URP 7 1627 | Margarahfora fakcata Jahm Clay Midda Fork Eig Boulder Croek 6B 24 0, 73771 0. 703 1.86 &1 2880 0178
=l e URF 7 1528 | Margaratifon facata Jahn Dy BMiddsa Fork |Big Boulder Creak 53,23 0.95753 0484 1.28 n4z 31.16 0131
arans | UMPT | 1528 |Margaratfora fekcata |John Day Micds Fork | Big Boulder Crosk 75 [ 1ses0r | n2s1 0kt D22 3100 | ooee
alec N URiP 7 1530 |Msrganaliien Gucada Jahin Dey iliddie Fork Gig Boulder Cresk 543 2.07804 10.170 0.45 0.15 2216 0033
AELNE | UMPT 1531 |Mergaratfon fkcata Jahn Day Middia Fork | Fishing Hola - Sio 2742 | 3761 | 031334 0,507 172 B56 5378 0.308
T UniP 7 1532 | Msvrganaties Ghcada Jahn Cray liddie Fork Fishing Hole - Sie 3742 41.73 0.53079 1.904 352 1.19 52.90 0628
B4 LMF 7 1523 ﬂwm faceda Johin Ciay Blcdde Fork Flehing Hole - Sila 3742 46.3 0. 40756 2.702 5.13 166 5211 a7y
B 2406 UniP 7 1584 |iMarpanatiem Gnceds Jahin Diay Midde Fork |Fishing Hole - Sfe 3742 56.25 0.69323 1.255 2.59 078 51.38 0402
SR UKPE 7 1535 | Marparaifers Isicata John Dy Bidds Fork Flzhing Holbe - Site 3742 56. 24 0.66236 1.043 1.8 065 5317 0346
A24TE URF T 1536 |Marganahiens Sicata Sahn Dy Middss Fork Fishing Hole - Ska 3742 78,24 1.92803 0.203 0.33 013 5208 0056
22408 UMP 7 1537 | Gonkles g0 ok Daw Midde Fork Flehing Hote - Sita 3742 43.E1 03638 1.915 3.4 1.19 4E.95 0534
A24Th UMF 7 15268 | Gonmdes 5p. Sahn Dy Midda Fork (Flshing Hode - SRa 3742 ah.BT7 0.37m72 1.373 261 A6 G357 0.45%
Br2406 UrdP 7 1538 | Sondea sp. Jahn Day Midds Fork Fishing Hola - Sie 3742 51,06 0. 9258 .14 .57 018 SEJ08 0058
24T LIMF 7 1340 | Gonded 5p Hahm Day Mlddss Fork |Flzhing Holde - She 3742 &6.E3 1.4237 Q.4ZT a.81 nar G154 0143
anens | UMPT | 1541 |Gonidoasp. Jahn Day Middha Fork | Fishing Hola - Sie 3742 | 68.34 | 00406 | .87 1.65 054 8161 | o219
B2 LUMP 7 1542  |Gonides fp. John Day Middie Fork Fislting Hole - Sile 3742 824 2. 4E833 0161 0.31 .10 50,84 0051
8746 | UMPT | 1543 |Apcdonts caWormianus |John Day Midd Fork |Fishing Hoo- Ste 8742 | 337 | 01706 | 4,880 822 102 8114 15E
240G UP 7 1544  |Ascdonis calfarmgnis Jahn Dy Middle Fark .Fikl'l'n'lg Hole - Sile 3742 58.x2 023723 354 571 220 5371 1.182
2240 LUME 7 1545 |Ancdonis caMomisnus John Diayw kidoe Fork Fiehing Hode - Sle 3742 L E] 0. 26277 1.715 3.26 1.07 53.69 0576
2406 UMP 7 1546  |Ancdonts calfarmignas John Day Middie Fork (Fishing Hole - Sile 3742 43,68 0. 46962 1.764 340 1.11 53.27 0594
Q2400 UMP T 1547 |Anedenis caMomiaenus John Dy Blddss Fork |Flehing Hode - Sile 3742 51.21 042542 1.533 2.91 036 5340 0.511
2 LIMF 7 194E | Anoderia calfamianus Sahn Dy Middia Fork Flshing Hola - SRa 2742 ST 0576748 1282 244 nan S2.939 0423
Q24T URF T 1549 |Ancdenis oregonensEs  (Umallla | Hemmlstan 63 0.5634E1 1.919 7.6 135 10,74 n.i1a7
AP4mG UMF 7 1580 |Anedonia aregonensis?  |Limatilla :HBI'mIEhJI'I =] 1.084 75 1.043 am 0.8% B.E1 0.0732
B4 05 URiP 7 1561 |Ancdonis oregonensis®  |Umatilla Hermistan 74.37 1.03143 1.473 5.49 1.13 5.98 0071
2415 UMF 7 1582 |Anodens aragomenss”  [Umatilia ‘Hermistan a0.64 1.35759 0458 1.1 037 10,28 0.03E
Q240G | UMPT 1563 |Ancdonta aregonensiz?  |Umatilla Hermistan TH24 | 148185 053 1.4 42 11,43 047
22406 LUP 7 1554 |Ascdonts araganensis®  |Umatills Hefimiglan 8343 1.4273 0.552 2.43 0.53 9.62 0.051
846 | UMPT | 1585 |Ancdonts aregonensis? |Umstile Hermistan 86,69 | 1.6831 0,362 142 031 | foss | oom
2406 URP 7 1556 |Ascdonts araganensis®  |Umalills Hermizlan BE.B6 1.92135 0.318 1.18 026 935 0.024
22405 Lh.l-F' T 1557 .ﬂ_ﬂpdonfa CaAMOMmR RIS le;!l_ll& Hermla_b_on 51.67 054167 1.665 6.21 1.35 10.29 0.13%
02 G LIMP 7 1556  |Ancdonis caffamanas Umatilla Hermiglan 53.13 0.7%2%3 10,953 3.73 081 761 0.063
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APPENDIX E

Appendlx E. Excrefion rate, respiration rete and 00N mtios for freshwater mussels collected from Oregon dvers during 2005-2006.
Walght-Speeific Walght-Specific
Shell Tizzue Daygen Daygen Dxygen Ammenia Welght-Bpecific
Experiment | mMussel Langth | ‘Walght Consumption | Consumpiicn Rate | Consumption Rate |  Excretion ammonia Excretion
Date Name' IO |Mussel Species River {mm]| ay Brate (il s b7 ] (el O g g atozant gy I E R jug 2 b4 W r' gt | O:M Ratio
LA LIl X F1 Mamaroifon fasake John Daw, Meddle Fark, Fefng Haole 44 A6 oaadat W35 REE-1 <3
2305 LI 1 Fli Mameratlais faioale Jiohin Dy, kadidle Fork, FiRing Hole AR AR 0273 027 05 Ma L] 1502 210
3Ns LIMP 1 HET  Aseratfais falsl Johim Chrgt, Wl Fork, Fiening Hile AT T 0284 el 229
WAEN (51 T Had Morgoraiforg faisake Johin Do, Meddic | ok, | efang §ole - L3 LAR=ET g BES [H ) 4350 L] 1242 2302
ARANE LIsE 4 HE? Mamerstfans faiaie Johin Ty, Middle Fark, FlRing Haole 31 (R o] nae? 1359
Hane LI 1 Ll B-RE Mamerahian falcsie ohin Ceg, Midile Fark, Fisfing Hnls TRAT 1 ZMaE 747 43 1514 ool T4G =031
WAZN0E LibgF ¢ Mdd  Apovonis cedoroenus §dobin Dey, Mediie Dok, Tesung Hole NG 907352 021 150
AFANN LIMF 1 WG Ancaania srlfonms s <hohin D, Mdidle Fark, Flsling Haole ARTL A3t n a4 16z
NG LM 1 F-f AnsTanta DR RLE Johin Caa, Midtle Fark, FRERING Hole BB 35318 TAE FE- 4374 n23 1163 ALTS
2305 LIMP 1 MED  Ascedoniy o o Lo Cay, Bcdile Pk, Fefinng Hlale 435 034458 0.40 AT0
A2An0G LIBF % F-i AnaTanta salfonmsnus Iohin D, Mididle Fark, Fraing Hole 441 14 4 i34z
AR30E LIMF 1 F-2 A RcTanta Rt aus uIohin DAy, Mihitle Fork, FieRing Hale 4% 13 [ o] n1r Anh
2305 LIsP 1 HE1 Ancdonty calorisnge Lohin Daye, Meddle Fork, Fizfing Hols 48105 08 205 415 2835 0.3 1221 21.25
LAY LibgE 1 Faf Anadanta cattonmuenus dohin Do, Meddle Fark, Feming Hole LEE darard ad THET
AFANE b 1 M2 AnTanta sathonmenus Johir Dy, Bddle Fark, Feing Hole e R L fa f = ] ahr 14 35 29 5 ian 1344 [ it |
32305 LIndP 1 HMAT  Gonides s Jidn Crerg, Wsdifle Fork, Fisfing Hole T2 128081 817 1 4441 0.7 275 1557
WS L) (= Maomarabior facaks John Doy, Weddie Fark, Fizhing Hale LY LR S 1484 == AL u4r QLR ALEHS R
LA LS [ MG Mamarakiong fasake Johr Doy, Meddic |-dck; Fefung Faole T4 13 120Ul {5 B bl Insd 1.0z 1350 bt
N5 LM 2 M35  Afsmeraiang facak Jiohre T, kedile Fork, FERIng Hole G203 Q51548 1437 17 B R -] oEe 1859 0.4
IrA5N5 LIpP 2 MBS Argarabios faimis Jehn Sy, Harth Dan ES38 106018 1811 201
2505 Lirgp 2 MWEs  Margavabforg faisaks John Dy, Mardh Caps LIET 03344 547 5 sekd 028 515 T
AIIO5 LIMP-2 WA AT anEE g Taiak ki T, Bioth o 5T 43 17 n-7a 124
2505 g 2 C=d Margeralferg (ol Jubin Dy, Murh Car U S w1 14.01 234 130L 0 057 1625 F517
A5 LispP3 e Mergereabiie fakale ok Crarg, Ml Dl Bas 1.27088 0.00 [4] )
A2ANG LIMFE, 3 AR Mamensbiang teikie ohin Daa, Mo Fans 57 1 TOean 33 - A6 F30 3 naz QRN |
2505 LisdP 2 HE3  AMorgeveliang (akaie o Sy, Bl Frnls 1333 182748 1507 B3T SELE 4.07 OET 97544
AAIN0E LUMP2 HE1T  Murgereliueg (sl ek Cerw, Hurll Farls 08 132898 1525 1148 T18.2 o1 145 494 45
22300 LIbdF F M .U'.in]mmm feaioake hohin Dy, banhEans HIpT LFrai 44 kAT
w2205 LUsP 3 1001 Morgereifars (akule dohin Cray, kdddle Fark, Fisfing Hule ¥MAEI MASRI2S LER 180,53
2305 LIMP 3 1007 Mergeralians (aisls Johin Cra, bchile Fork, Frfting Hole SEE5 24750 3 167.78
B2 Oh LIndF A 100 Maomanelong faicale ehin Do, Beddie Fark, Fsing Hale 44 44 LR Xl oy L 415 awmryo d4r s ZH- 35
/2105 LIP3 100 Mamevellans faicske Juhin ey, WEdgle Fark, Fishing Hole 5205 55172 642 1103 BEAT 219 4510 1053
2205 LIMP 3 105 Mameeifans fakak Jiohn Crany, Milidle Fork, Fisfing Hole 074 0EFH 100 9722
LOP R L]0 | ol T0JE  Maomarahions facals John Dy, Mddie -ark, + efing Haole 1LY 1. 25504 LY -] iR 144 434 H1 U 2udn
2205 LIBAE -3 1007 Mamersifans faishs Johin Cergd, Mddle Fork, FiERiNg Hols 7120 13445 A5 &8 32 R3 0385 4.5 ik 2% aTa
w2205 LIME 3 1008 Ancdanta calormsnus LIohin D, kedidle Fark, FERing Haols 3244 Q13307 241 2560 6001 T A4 195 35 =19
ErIaN0S LindF 3 1000 Aoodonts cavorsgnees fohin Do, Meddie Dok, T ening Hole 6 TE 0, 140435 (1] 125,50
R2I0E LitdF 2 1040 Anedania calfonmenes Lohin Cirg, Wil Fark, FleRing Hale a3 032853 15.28 BR 4N A4ITR S 184 147 B0 o
2305 LIsdr 2 1011 BT Gty e SUL et oD T Jhin D, Middle Fark, FieRing Hals 454 0 2845 114 ar1z
BI22N5 [0 { =1 1012 Acesroniy cabforoenns. fdobn Dey, Mecddle § ok, T esing ole 4793 040515 19.25 4751 206481 2 12370 24,00
R3O LIMF 3 1013 Asomania saionmsnes Jehim Cwg, Mdile Fork, Fizning Hale 4035 044121 447 LU 11 G0 34T 1 Eo AL 4z
205 LIMF 3 10948 SaceTanta Sl LIehin Dy, Mdidle Fark, FieRing Hols EL AT Q41578 e | TiF 34 R3AARE Fan 177 2 12
w2305 UndP 3 1015 Gk g ok Dy, Wedile Fark, Ficfiing Hule 4761 0.30257 .97 SIEE 33558 27 A142 41,19
R30S LIMF 3 101 Eoodes sn Wohin By, Midile Fark, Fefing Hole atie Gy A4 1181
(bl LitF- 3 1017 Hoodes sp Lhohin D, Medidle Fark, Fishing Hols a1 [dR-FLER) 445 B Lo B | Aata 450 %25 A0
RBZI05 LIP3 1018 Fookbee 50 i Ty, WEddle Fork, Fishing Hole 8538 N9E25 5585 124 3RITE 345 44.50 5835
B2 ELY | o) 1014 Goodoe 5o Johin Doy, Meddle Fark, + eming Hole tid 54 1. 2443 1821 Ihan IR R HE 22 11.23
BE2INN LitdE 4 1020 (Sondse s Lohin Doy, Meddie Fark, Feing Hale FE1Y I AT ) b Shu2 dya b O ey 2N
/2205 LA™ 3 1029 Gonides sp. Johin T, Middle Fork, Fishing Hole 828 215677 10,25 500 128 822 aT A2 4.63
B LIBiE £ 1080 Momoraiien fakal dohn Cay, Kaddie Fark; Femng Hele &L (R 2914 3.7 PRI 282 oG LA
) LifdF £ 14l Momorabiord facak John Doy Mddole ¥ orle, Waldcoat Foint HEHy 110558 el N Maa LT 3.5 BT -] pg B
2N LIMP & 1051 Mamereblans lalak Johin Ty Miclale Foce Whldkeat Podnt 7185 1458858 EF.51 as 2408 4 A0 A0 48 31
105 s 2 1052 Momavalfers fakcalks Johin ey el Eorke Wildcal Point tse 1.740480 4941 AFET 1758 524 54.20 2508
B2 LirF & 153 Anodanta codformenes fdohin Cey SMadcle Fore Wildeal Foint 4771 A0 2015 a5 54 S0ds,0 s 107 .0 240
A0 LI & 1058 Soeedania Safonmsnss b Csag 8 il e Foeke. W ldkeat Fiind anan OTaEdT 14T M a0 & Ercirk] 3.7} 1R 17 %
B2205 LsP £ 1058 Aocdonfy caborosmnes . Robirr Do Maddde Fork YWldeel Pl Sk 51T .81 1547 Q656 w45 157,52 613
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Doy Walght-Spacific | Waighl-Speeific
Shaell Tizsus Deygen Dygan Dixygan Amnania Wl ght-Spacific
Experimert | pussel Length | Welght Consumpticn | Conswnptlon Rate | Consumpticn Rate | Exeratlan Ammenis Encraticn
Date Mame' o Mussel Epecies River |mim | a) Rate im0y o0ty imloy Kt e 0o R Yy (i nt (et kHe M B 2" | O:N Ratio
[ Bl LIRS & Fhl Magansdnog fsicak b Ay Masdia bane Hig Eouidarirk T £ I3 s T X AR ) 445701 149 HIE 45 4145
ETHS Like= & Wi Mogorsifionr Gaais iichn Dy Micdie Fode, Big Bouidor Crs 411 [ Y | E1TF GBS A B 1.E2 4547 151 02
BEATG LINF-4 THE Merganstfars fainas JehnDay Micdia Fate 3 Eauidar T 52 152746 228 158 11435 LR 7303 118
e B LI 2 i MArgRneieng el ehn Ay Maddis Fane, g Eouidartire e FNE S {8 ETE
EfES LIki= & 1080 Mameriore Siai chin Day Micdie Fark, g Bouidor Crs s L g o ] ot el 185140 HR L) 18047 AHEE
BE2EG LIKAP A T Ancdanfe csitarssang - Lieha Day Mioda Fak RRter Hat Spangs 2500 CADRT 1508 103.65 T 1.89 23500 Ty
R LIR= & T AnSTanig CAInnS IS ohin DAy Micdws Fate Brter Hat=Spargs SR E E#iin] LR HE Lk | AEs flrdll E
(Pl e Liki= & 1082 Anoganie caiforomong [Gochn Day Miodie Fodk Reter f-at Spings B L chin 2346 w1 30 TG A 1504 LR o]
BE2ME LI TR Merpaneifons fsdnag John Day, Kamh Forg 2638 Q22541 b i 343 2384 235 18002 135
Lt LIRA=5 TaEE Menganeiiens Badtans ek DAy, ke Foars TS LG S 239 T
{FL ) e LIk 4 HHE =R g Sy ehn Lay, Bata Fars F2 ] 7 Hhig 2414 Toa4 e Ak PEREL] a1k
BREATS LINT A TIET Hepeneifons fsinaig Johin Da, Fath Forg T2.52 TAEEE TET 3074
[ i LIRAF 4 AVIEE HRrgeneifers fsitals Ak DAy, b Fan 0L RO Ll EE] 491 ndan
L A LI 2 TS Wamaesdeng Ainaiy Achnlay, Kaka kars BAHA AL dda s d (R etk
rAans LIMiN & Hegersifors folnag Jchn Day, Kiddle Fork, Flshing 4o i B B 05T &0 M2 190327 1.86 SEE 13 .0z
LIRE G Maveesifens fainals ok Diay, Biddks Fors Fishirg Hala ] 234 ]
LIRi= 5 arRrRiese Sainany -ehn DAy, kiddk = ore Eshirg Aok A HY nra4 AnHah an Lo 430
LINiP THergersfas ‘Sicaiy Jehin Day, Kiddle Fors, Fehing Ao 273 d2.21
LIKT E Hagersifers fsinals b Day, Bidde Fors Fahirg Haa a7 T4 17
LIKi= b Lo e 5 b DAy, Mirdde = are =shirg Aas Ay A 1254 5
LiNiR £ Hegars fens fsicais John Day, Kiddle Fors, Fishing 4o 1643 1a.02 AR bR a.83 5034 I360
LINI™ & lanie caitanasans - [lohn Day, Middia Ford Bebing Haia + a2 L= e} Ariaa 2.2 175 53 SNET
LW 5 IR SIS AN Linhn DAy, Eidde = ok =shirg Qo o [ b Bl RRE. FRE R
LIT? £ pes  |John Day, Middle Fors, Fishing 4o 283z RT3 323 MEs TiE2 144 as0on T.78
LINED B Arsdarfe csiforasnue  Lcha Day, Middle Fors Fishirg Hala 1.8 C2aTeh 119 1228
LIk -inhn Dag, Kiddke Fars FRRirg ok a4 5 [ h et A LHEF
LIkim £ Jehn Day, Kiddle Fors, Fishirg aka AT 35 L3z Ean Tra 15325 1.23 4433 B3ET
LIMITE Sk Day, Kiddle Ford Flahing 4o 15 5% [.55755 T2 6173 3237 349 1oas 2456
L= b Day, Middke Fars Fshirg Haa 44 7L [BE ERIES] 180 riod
Uki™ £ b Dy, Kiddle Fors, Fsling das AT.03 a7 241 a1
LIMIT E Ceiles 20 Jeha Day, kddle Ford, Flehing Hoa T3 rgd1Ta 2048 2 0214 .80 5547 231
LIWIE & ChaRIRe A0 ek Day, Kaddle Fard Fshing o (ERR:F] A EGRET 4731 E b B} para LR 376 HEE R 235G
Lkim £ Ganiti Si Sl Dy, Middke Furs, Fislitg Hols B3I 151 .59 1974 3 it 418 43,26
LIk & GG 20 Jhn Day, kiddle Fors, Flishing a5 JB5TE 41285 1605 10025 4.67 3368 1378
L™ & CRess A6 Lok Day, Kiddle Fors Fshing Hoa I 2HATG 401 FIT
L= § Hergerslfe My el Day wocdis Fask, D Boalder Crs 44,78 25126 .50 16042
LintR T Werpersifens lsisals Jehn Day Middia Fade 3ig Bouider Cri ES 3 05347 533 37 a2 183 3081 2316
LIEA™ B A Hergeesdfers fainals b Day Micda Fade 3 Bouldar Trs 5= R 107351 187 3113
Ukim £ BIE Mevueveliwe Muialy el i Doy Micdis Farke, Dy Buoaider Crig E512 103736 30z 5111
6152 TOO epersdfes Tsicais ehi Day Moddia Fok 3ig Bouider T 025 144 5323 362 2764 LEG 4221 5863
Lk & T Mergersdfers fainals deh Day Micda Fads 39 Eculder Ty 734 24335 3.4 43870
LUki= £ T0Z Mevuersliws fukaly Jehin Dy Micdis Fork, Dy Doubden Cris AT 1683025 2025 154 11535 37 2388 A7.86
Liki= £ TOX - evpersfers Neicals Sl Dy, Mot Forg E03 ngica BSE 1019 G558 243 430 13.35
LIKD £ Tod Memjgersifors lsizals b Day, kath Fors 6123 82351 261 stop
Lik= £ 0L Meavuey aldvy s [otaiy el Doy, Bl Curs ET.20 20135 a0 sg 2544 1530 2 515 4715 1372
s kR £ TOE  evgerslfers MHicas el Dy, Mot Fors .08 13121 oz 20ES 13251 3ET 4421 2745
0TS LIMT E 7 Mepersifess laizals ok Dy, kaaith Fors TR THEX 357 a7 0l
R T Lik= £ 00 T s Sudinin b Doy, Bkt Curk ] ZE100G Tag a7 [ 5.1 8 365 3ned 15.24
CAanS LIki= £ TOE  evpersliere Ml el Day, Mot Forg 387 193363 1155 1062 GiET 158 45 4% 14.30
3ANTE LINPE 97 Mapseifes laidals ke Day Mocdia Forks -3 Boliider Crs (==l 500G 380 JaEs
TS LIk= B a55 Werperaliere fanaiy Sehin Day Sucds Dol Dy Dousder Cre 7150 § fe ) J.00 i
Rl I -3 LIki= 6 S5 Mevuersliere fasan b Diay Micdis Fovls Doy Bodider Zri T84 (o 4,36 S350
TG LIM2 £ 85T Mamenelfos Nsicals ik Diay Mucd's Fadl 3 Bouider T T2:88 B0AET 4.66 5545
A Liki= B S50 Morporsbiore kol b Doy Micd o Norle. Dy Dousdar Cre Te4d T3 .05 10ar
b pe. 1 11 -3 LIki= 950 Wevperaliwe ukay el Dy hckds Fanky Dy Douider Trs .28 1A7 2AZ LG
IrA0iE LIMP E 80 MWajsrelfos Teitals Jeh Day Micdia Fode 3ig Bouldsr Cri &30 &aza 5AE 5Ra7
ARG L= E W2 Moagorsiiore Seals Jehin Doy, kdde Pors Cishing flao L= ik e (L) 127 74
jip. 11 L= 951 Werperalies Myl b Doy, Biddks Tors, Fislirsg ks 4.0 CA2568 1LES Thas
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Physiological Processing by Freshwater Mussels
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