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SUMMARY

Juvenile Klamath River Chinook salma@r{corhynchus tshawytscha) experience high prevalence
of infection with the myxosporean parasi@&s atomyxa shasta andParvicapsula minibicornis
during the spring and summer outmigration perithmath River Chinook salmon were assayed
by quantitative real-time polymerase chain reac{QRCR) or histology to determine parasite
infection rates from April to August, 2010. Thenaal metric of prevalence @. shasta in

Chinook salmon above the Trinity River confluenceilg the peak migration period (May-July)
was 17% by QPCR and 15% by histology. The preea@fiP. minibicornisin Chinook salmon
above the Trinity River confluence for the sameaquewas 66% by QPCR and 58% by histology,
compared to 82% by QPCR and 85% by histology irD200e prevalence @. shasta below the
Trinity River was 29% by QPCR and 17% by histoldgrysampled collected June-August in the
lower basin.

P. minibicornis prevalence of infection below the Trinity Rivemélmence for the same period was
88% by QPCR and 54% by histology.

The QPCR assay results from all groups of Chinabdken sampled (natural and marked Iron Gate
Hatchery (IGH) and Trinity River Hatchery (TRH) @biok salmon) suggest that Klamath River
reaches above the Trinity River confluence wers iefectious forC. shasta in 2010 during the

peak juvenile Chinook salmon migration period (Mayy) than in any other sample year to date.
In coded-wire tagged (CWT) IGH Chinook salmon soezEby QPCRC. shasta was detected in
28% of fish examined. The highd&stshasta prevalence of infection (56%) occurred in the IGH-
CWT Chinook salmon residing 7 Weeks at Liberty (WAdlost hatchery releas€eratomyxa

shasta was detected in one marked TRH Chinook salmon kahip the Klamath River. This low
prevalence of infection in marked TRH Chinook sainm 2010 contrasts with the 13% prevalence
of infection observed in 2009, and the averagetcd mean of 7% for Chinook salmon sampled
in the Klamath River below the Trinity River condloce. In summary, both the annual metri€of
shasta prevalence of infection by histology, and prevakem Iron Gate and Trinity River coded-
wire tagged Chinook salmon indicate that infecyivitas very low relatively in 2010 compared to
previous years in which monitoring studies wereduated. Cooler Spring and early summer river
temperatures appear to have played a more sigmifioke in disease dynamics in 2010.
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INTRODUCTION

Juvenile Klamath River Chinook salma@r{corhynchus tshawytscha) experience high prevalence
and severity of infection with the myxosporean paesCeratomyxa shasta andParvicapsula
minibicornis. The annual metric fdC. shasta prevalence of infection by QPCR in study years
2006-2010 has ranged from 19-45% (Table 4)Rundinibicornis prevalence has ranged from 66-
91% (data not shown in Table 4). Both parasite® lzasimilar distribution and are found
throughout the Klamath River system including thwér reaches of the Williamson and Sprague
Rivers, Agency Lake, Klamath Lake, Copco Resenanid the entire Lower Klamath River from
Iron Gate Dam to the estuary (Hendrickson et é891$tocking et al. 2006; Bartholomew et al.
2007; Stocking and Bartholomew 2007). Both pageasshare the vertebrate (salmonid) and
invertebrate anayunkia speciosa) hosts and have overlapping distributions througlioe Pacific
Northwest (Ching and Munday 1984; Hoffmaster el @8B8; Bartholomew et al. 1989;
Hendrickson et al. 1989; Bartholomew et al. 199&nket al. 1997; Jones et al. 2004; Bartholomew
et al. 2006, Stocking et al. 2006). In previousists, native Klamath River salmonids have
demonstrated various degreeoghasta resistance (Foott et al. 1999, Foott et al. 26@4tt et al.
2007a, Stone et al. 2008). Regardless of thisteesie, Foott et al. (2004) observed that 100% of
Klamath River Chinook salmon became infected aret 80% died within 17d following a 3d
exposure in the Klamath River. A prognosis studlydticted in 2008 examined daily parasite
levels C. shasta andP. minibicornis DNA copy number) and cumulative mortality in IrGate

coho and Trinity Hatchery Chinook juveniles, follony 72 hour river exposure above Beaver
Creek. In this studyG. shasta infections resulted in a 17.3 mean day to deatb@yland 87.1%
cumulative percent mortality (CPM) in Chinook salmand 20.6 MDD and 98.5% CPM in coho
juveniles (True et al. 2011). The observed higtvalence of infection in relatively resistant
indigenous fish indicates an extremely high pagaditallenge (Foott et al. 2004) in most years.
Dual infections with both parasites are commonmag have a synergistic effect which increases
the lethality of infection (Nichols and True 200AweverC. shasta drives the mortality curve
observed in sentinel exposures (True et al. 200Hg.contribution of each myxozoan parasite
towards clinical disease in infected Chinook salnsodifficult to evaluate independently. In
monitoring studies, nearly 90% of Chinook salmom dwal infected and typically succumb to
clinical ceratomyxosis before

P. minibicornistissue changes and parasite DNA levels can begdglessed.

In 2009, two changes were made in how data is tepdor the Klamath River Fish Health
Monitoring program. First, Cycle Threshold«{values obtained with the QPCR assay have been
transformed to a more meaningful metric of pard3M&A copy number. Parasite DNA quantities
are based on the standard curves for each pasasidg using known quantities of parasite DNA.
This change in the reporting metric for QPCR presid more meaningful quantification of parasite
infectious load, and a directly comparable unitssn groups of fish and for annual comparisons.
Secondly, clinical disease prevalence by histology been expanded to include a pathology score
for both kidney and intestine tissues. The patipkcore does not affect the overall prevalence of
infection reported for histological assessments plbovides a numeric index of the disease state in
sample groups. Additionally, with the increasedstant fractional marking that was implemented
at Iron Gate Hatchery in 2009, a larger numberadEtmery fish can be identified. Sampling effort in
2009 and this year focused on capturing fish ofkmorigin (natural Chinook salmon collected
before hatchery releases and hatchery CWT Chinalokasn).



Diagnostic examinations were also performed in 200 the primary purpose of documenting
bacterial and external parasite infections in maribjuvenile salmon. In particular, we were
interested in the occurrencelchthyophthirius multifiliis (Ich) andFlavobacterium columnare
(columnaris) infections in juvenile salmon. Thése pathogens are associated with disease in
returning adult salmon (Belchik et. al 2004, McCpaad Strange 2008). Given the elevated water
temperatures of the lower river during July and éatgboth juveniles and adult salmon tend to
congregate in thermal refugia (Bartholow 2005, Bide@t.al 2004, Foott et al. 2001). It is possibl
that juvenile Chinook salmon could act as resesvofrinfection for the early returning adults.

The objectives of this study were: 1) examine thi@gen prevalence in Iron Gate Hatchery (IGH)
and Trinity River Hatchery (TRH) Chinook salmongurto and post release; 2) examine the
parasite prevalence in the juvenile Chinook salm@oulation within the river throughout the
spring out-migration period; 3) compare parasigvplence in 2010 to previous years; and 4)
examine the diagnostic prevalence of other sigamfipathogens in moribund Chinook salmon in
select reaches.

METHODS

Sample Sites
Fish were collected in the Klamath River from beloan Gate Dam (Klamath River Mile [RM]

190) to the Klamath River Estuary and on the TyiRitver between Lewiston Dam (Trinity RM
111) and the Trinity River confluence with the Kiatim River (Klamath RM 43). Klamath and
Trinity Rivers were divided into sample reachemajor tributaries, with study cooperators
collecting fish in each reach (Figure 1, Table Wjhen possible, existing salmonid downstream
migrant trapping sites were utilized for collectidmut seining was required to achieve the desired
sample size in some weeks. Collection sites wegfemably located in the lower portion of each
reach, but when abundance was low fish from anysviathin a reach were accepted.
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Figure 1. Klamath River watershed, major tributaries, and sample reaches: Iron Gate dam to Shasta Riv
(K5), Shasta River to Scott River (K4), Scott Riveto Salmon River (K3), Salmon River to Trinity River
confluence (K2), Trinity River to Estuary (K1), Klamath River Estuary (KO).



Table 1. Sample reach locations (reach code), rivenile, and cooperating agencies performing fish diections on
the Klamath and Trinity rivers.

Sample Reach (code) River Mile Primary collector(s)
Klamath River main stem
IGD to Shasta (K5) Klamath 190-177 USFWS and Karuk Tribe
Shasta to Scott (K4) Klamath 177-144 USFWS and Karuk Tribe
Scott to Salmon (K3) Klamath 144-66  Karuk Tribe
Salmon to Trinity (K2) Klamath 66-44 Karuk e
Trinity to Estuary (K1) Klamath 44-4 Yurok be
Klamath Estuary (KO) Klamath 4-0 Yurok Teib
Trinity River
Upper — Pear Tree Rotary Trap (T2) Trinity 94 Hoopa Tribe
Lower - Willow Creek Rotary Trap (T1)  TriniBl USFWS and Yurok Tribe

Sample Groups

Pre-release examinations of Chinook salmon wer®imeed at Iron Gate Hatchery (IGH) and
Trinity River Hatchery (TRH). Sixty fish were sahag from the IGH population on 24 May, and
70 fish were sampled from TRH on 13 May. All pedease fish were assayed by QPCR for both
parasites, and a subset of 10 fish from each hatetere examined histologically for tissue
abnormalities.

Natural production juvenile Chinook salmon werdeaxiked from upper Klamath reaches prior to
first IGH release (1 June) and in the Trinity Ripeior to the first TRH releases (1 June). A tatfal
260 natural fish were sampled in the Klamath readiam 5 April through 31 May (Shasta to Scott
(K4), Scott to Salmon (K3) and Salmon to Trinity2))k An additional 118 fish were sampled in the
upper Trinity River at the Pear Tree Trap (PTT) anthe Trinity to Estuary (K1) reach, for a total
of 378 natural fish sampled in 2010. All naturahfiwere tested for both parasites by QPCR and
histology to determine prevalence of infection, ang other tissue abnormalities in the natural
Chinook salmon population. Natural fish are a congnt of the mixed-origin Chinook salmon
group for reporting parasite prevalence of infatfior each reach. Prevalence of parasite infections
in natural fish is also discussed as a sub-sdteofarger mixed-origin group, to provide relative
comparisons between these two groups of Chinookasal

Mixed-origin Chinook salmon were collected in s¢leaches of the Klamath and Trinity Rivers
every other week. This bi-weekly sample consiste8DoChinook salmon for the QPCR assay and
10 Chinook salmon for the histology assay. Ondehgaty Chinook salmon were released, coded-
wire tagged Chinook salmon were targeted for bitlyesampling, but when adequate numbers
were not available, unmarked Chinook salmon (ofnamkn origin) were used to supplement the 30
fish sample set. Prior to hatchery releases, migagin Chinook salmon would have been of
natural origin, with the exception of a few hatgh€hinook salmon that may have been used for
trap efficiencies studies. After IGH releases, edborigin Chinook salmon collected in the
Klamath River could have been of natural origirhatchery origin (CWT or unmarked).



Iron Gate and Trinity hatchery Chinook salmon waaaked with an adipose fin clip and implanted
with a coded-wire-tag (CWT) at a constant fractionark rate of 25% for both facilities. In the
Klamath River and Trinity River, a sample of 30 C\@Hhinook salmon per week was collected by
sample crews, if available, for analysis by QPQ@Rnited numbers of CWT Chinook salmon were
collected in the Trinity River at Pear Tree and|@il Creek rotary screw traps. Significant
recapture effort for CWT Chinook salmon occurrethie Klamath River below the Trinity River
confluence and in the Estuary.

Heads from any marked IGH or TRH Chinook salmomveced were assigned unique

identification numbers to track lab assay resultsxtracted tags, which were read by the USFWS
Arcata Fish and Wildlife Office (AFWO). Chinooklsen release groups at IGH occurred on 1
June, 4 June, 6 June, 14 June, and 15 June. THecBu¢s were unique for each release date, with
the exception of the 15 June release group whichdied 2 tag codes for a single release date.
Volitional releases occurred at TRH from 1 Junedigh 8 June; 4 June was used as the date of
release for all marked TRH Chinook salmon. The dateh group of CWT Chinook salmon was
released from the hatchery and date of recaptuseusd to calculate weeks at liberty (WAL), to
assess temporal infections levels in individudi.fis

Sample Periods

In each reach, fish were accumulated over a catemel@k until the desired sample size was
achieved. Bi-weekly prevalence of infection wakkakated for a reach by dividing the number of
fish in which a parasite was detected by the fiidhlassayed for a calendar week. Fish collection
started the week of 6 April in the Shasta to S@64) reach and 3 May in the Scott to Salmon (K3),
Salmon to Trinity (K2), and Trinity to estuary (K@gaches. Fish collection started the week of 21
June in the estuary (KO). Collection in each rezmftinued until the target Chinook salmon sample
numbers per week (30 fish) could no longer be aaptuCollection of CWT Chinook salmon was
targeted after hatchery release, and collectiowsreere requested to accumulate as many CWT
Chinook salmon as time allowed each week. ColleadioCWT Chinook salmon in a given reach
continued until fewer than 10 fish could be recedein a single week’s effort.

QPCR Assays

Fish collected for the quantitative real-time pognase chain reaction (QPCR) assay were
euthanized, placed in a plastic bag labeled witk dad reach, and arranged between frozen gel
pack sheets in an ice chest. Samples were franehsubsequently collected from cooperator’'s
freezers by Fish Health Center staff every othezkwvdn the laboratory, fish were thawed, fork
length was measured, clinical disease signs nqtatetinecropsy performed to collect tissue
samples. The entire intestine and kidney from digbhwere removed and combined into an
individually numbered 2 ml cluster tube. Tissumpkes were then frozen at -20 °C until DNA
extraction was performed.

Combined intestine and kidney tissues were digastécl NucPrep Digest Buffer containing 1.25
mg/ml proteinase K (Applied Biosystems, Foster Qi) at 55°C for 2 hours with constant
shaking. A subsample of digested tissue homogevedediluted 1:33 in molecular grade water and
extracted in a 96 well vacuum filter plate systé&plied Biosystems Model 6100 Nucleic Acid
Prep Station). Extracted DNA was stored at -20%( the QPCR assays were performed.



Samples were assayed in Real Time PCR SequencetiDet8ystems (SDS) using probes and
primers specific to each parasite. The combirs=iies were tested f@r shasta 18S rDNA using
TagMan Fam-Tamra probe and primers (Hallett andn®&mew 2006) on the 7300 Sequence
Detection System (Applied Biosystems, Foster (). Separately, the combin&dsues were
tested foP. minibicornis 18S rDNA utilizing TagMan Minor-Grove-Binding (MGBrobe and
primers (True et al. 2009) on the StepOne Plus empiDetection System (Applied Biosystems
Foster City, CA). Reaction volumes off8Q containing L DNA template, were used for both
assays under the following amplification conditioB@°C for 2 min.; 95°C for 10 min; 40 cycles of
95°C for 15s and 60°C for 1 min. Plasmid standaxksaction control and no template control
(NTC) wells were included on each assay plate.

Cycle threshold (© values were calculated by the SDS software (&D8 v 1.3.1, StepOne SDS
v. 2.0 Applied Biosystems) and converted to paegsidsmid molecular equivalents (referred to as
DNA copy number), a measure of specific parasitédAl@dpy number derived from the standard
curve of each specific assay (Figure 2). The flsogace assay threshold, used to designate a
positive test result, was slightly lower in the@Dne instrument compared to the 7300 SDS.
Assay validation between two instruments was peréal in 2009 using fish samples and plasmid
controls with known parasite copy numbef.v@lues for each standard concentration as welias t
positive threshold were determined for each insé&mim 0.200 for the 7300 SDS and 0.100 for the
StepOne SDS. Validation with samples and plasmidrols of a known parasite copy number
was performed on both machines to determine theallie on each machine for those known copy
numbers. Validation studies examining the dynammge and endpoint of the assays indicated a
Cyt of 38.5 and minimum change in normalized fluoressggnal of at least 10,000 units defines a
positive test for th®. minibicornis assay (True et al. 2009). Previous assay valiatiadies, using
DNA plasmid controls and naturally infected fisbstie, determined a similar assay threshold for
theC. shasta assay. It should be noted that these threshoddstatistically conservative to
preclude false positive test results and theresbghtly underestimated the true infection
prevalence of both parasites in this aquatic anpopllation. Appendix Il provides a further
technical description of how assay sensitivitysedito determine thresholds for positive test
results.
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Figure 2. Standard curves forC. shasta and P. minibicornis QPCR assays using plasmid standards developed in
2008 with known concentrations of parasite DNA. “Uknowns” were not included in the assay. The
amplification efficiency of each assay was calculed using the formula E=(10*°"®-1) x 100 (Applied Biosystems
Guide to Quantitative Gene Expression). Slope anamplification efficiency were similar for both QPCR assays:
C. shasta slope = -3.12 and 95.7% efficientP. minibicornis slope = -3.76 and 93.4% efficient.

Histological Assays

Ten fish from the bi-weekly collections were randpiselected for histology. Rapidly after
euthanization, the peritoneum was cut open andeefigh placed in Davidson’s fixative and held

for 24-48 hours. The fixative was replaced with 7@#tanol for storage until the gross examination
and histological processing was performed. Eadological cassette contained kidney, intestine,
liver, and 1 to 2 gill filaments. Specimens wprecessed forinm paraffin sections and stained

with hematoxylin and eosin (Humason 1979). Akass for each fish were placed on one slide and
identified by a unique number code. Each slide easnined at 40X to 400X magnification.

Histological rankings of ‘clinical disease’ inclutl@ pathology score: a numeric index of disease
severity for kidney and intestine. Pathology sdereased on the degree of specific tissue
abnormalities and parasite distribution (0 = nogrhalfocal, 2 = multi-focal, and 3 = diffuse
distribution) listed in Table 2. A kidney pathojogcore was calculated by summing the score of
each kidney lesion (interstitial hyperplasia, nécrmterstitium or tubule, interstitial granuloma,
glomerulonephritis, and protein casts within thenggruli or tubules). The mean kidney pathology
score was reported for each collection group toatestnate severity of disease. Similarly for the
intestine, the sum of lesion scores (lamina projpyjgerplasia, necrotic epithelium / sloughing,
necrotic muscularis) was used to calculate a didlegroup’s mean intestinal pathology score.



Table 2. Parasite abbreviations and tissue abrmmalities listed in the histological result tables

Kidney

P. minibicornis Myxosp.

P. minibicornis Troph.
Metacercarig

C. shasta troph.
Chloromyxum sp

Pathology Score

Parvicapsula minibicornis trophozoite stage
Parvicapsula minibicornis myxospore stage
Immature trematode stage

Ceratomyxa shasta trophozoite stage
Chloromyxum species trophozoite stage

Mean kidney pathology score for sample group

Intestine

C. shasta troph.
C. shasta myxosp.
Helminth

Pathology Score

Ceratomyxa shasta trophozoite stage
Ceratomyxa shasta myxospore stage
Trematode, nematode, or cestode

Mean intestine pathology score for sample group

Gill

Ich

Glochidia
Metacercarig
InvasiveC. shasta
Amoeba

Multif. Hyperplasia

[chthyophthirius multifiliis

Larval mussel stage within lamellae
Immature trematode stage

Single cell trophozoite-like stage

Amoeba associated with lamellae
Multifocal hyperplastic regions on lamellae

Other

Adipose steatit
Adipose lipofusg

dnflammation of visceral fat tissue
iOxidized lipopigments within adipose cells

2004-2010 Comparisons
Histology data from this study was used to compae®alence of infection of fish in 2010 to
previous juvenile Klamath River salmonid health manng studies (Nichols and Foott 2006;
Nichols et al. 2007; Nichols and True 2007; Nichetlgl. 2008, True et al. 2010). The histology
data included in the analysis was limited to thenthe of May, June and July of each year and to
mixed-origin Chinook salmon sampled in the Klamather above the Trinity River confluence.
Limiting the data offered several advantages:
» Sampling start and end dates varied each yeanblided these months
» This date range brackets the typical peak of juedfiamath River Fall Chinook salmon
outmigration (Leidy and Leidy 1984; Wallace and Iidsl 1997)
» Infection prevalence during the “tails” of the magjon (typically lower infection rates in
early spring) were not given the same weight agp#ak of migration
» The Trinity River population was excluded as itaiggely uninfected wittC. shasta
* Our target sample size was typically met during fferiod, reducing sample variation due
to small sample size

While QPCR data has been generated each year thionmog program has been conducted (2005-
2010), tissue collection and extraction protocotsewnot standardized in 2005. This resulted in
non-standardized tissue volumes for the QPCR ahs&ygannot be directly compared between
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years. QPCR data from 2006-2010 is standardizeddimact comparisons of annual parasite
prevalence of infection can be made from 2006 fodwa

Environmental conditions in 2010 will be discusgedontext of disease prevalence; primarily
mean daily river temperature and flow dischargewdron Gate Dam.

Statistical Analysis and Terms Used

Prevalence of infection and annual prevalence iiddfbelow) forC. shasta and P. minibicornis are
reported with 95% confidence intervals, denotedia®r each sample reach prevalence of
infection data. Prevalence of infection is useddscribe bi-weekly ratios of infected Chinook
salmon (numerator) in the sample population (nunob@nimals examined). Annual prevalence is
used to describe the overall prevalence of infedto the sampled population for the period of one
calendar year. Definitions of the two terms usexlaa follows (Durfee 1978, USFWS Fish Health
Policy FW713):

Prevalence of infection (also referred to poirvalence): Number of cases of a disease
which are detected in a populatiaina designated point intime. This is a census type of
measurement, usually expressed as a ratio whergutherator is the number of cases
detected at a point in time and the denominattragpopulation from which the cases were
drawn.

Annual prevalence (also referred to as periodadesce): Measures the total number of
cases known to occur during a given period. Elgri@valence is often mislabeled as
incidence data because the factor time enterstintdowever, it should be noted that
incidence describes onhgw cases in a specified population, andrequires knowledge of
when the animals became infected to determine the rate of infection (incidence dttate).

For IGH CWT Weeks at Large (WAL) analysis, compamis of parasite mean DNA copy number
were graphed for positive test results and theestimple population in Figures 2D .6hasta) and
21 (P. minibicornis). TRH CWT parasite DNA copy number was graphed similar manner in
Figures 22 foP. minibicornis, but was not graphed f&@. shasta as only one fish was found
positive in this groupMean parasite mean DNA copy number for all posifigh in the sample
group are represented by a red dashed line whareas DNA copy number for the entire sample
population (all fish tested, including negative guusitive test results) are graphed in a blacldsoli
line to illustrate the parasite DNA loads for théercted fish in the sample set, compared to the
sample group as a whole. Standard error whisketsample

number (N) for each week are included in theserégu
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RESULTS

Pre-release IGH and TRH Chinook Salmon

Light infections ofC. shasta were detected by QPCR in 2% (1/60) of Chinook salsampled 24
May at IGH, prior to hatchery release. The sirgisitive fish was lightly infected near the
detection threshold of the QPCR assay 3Z.2 or 22 DNA copy number). Infectionsff
minibicornis were detected by QPCR in 2% (1/60) of pre-rel€dsaook salmon sampled at IGH.
The single positive fish had a low infection ley€t 37.4 or 50 copy number).

NeitherC. shasta nor P. minibicornis were detected by QPCR in TRH Chinook salmon please
exams. In 2009, TRH Chinook salmon had a highergdeace of infection for both parasites
compared to IGH pre-release Chinook salmon, 19%la@@6l respectively. No parasite or tissue
abnormalities were seen in 10 fish examined higio#lly at either hatchery.

Natural Production Chinook Salmon

Natural Chinook salmon represent early infecti@iust forC. shasta andP. minibicornis, as river
temperatures are generally 8-10°C cooler in thethsoof April and May compared to the peak
hatchery salmon migration period of June-July. Ratproduction juvenile Chinook salmon were
collected from upper Klamath reaches prior to fiitl release (1 June) and in the Trinity River
prior to the first TRH releases (1 June). A tota260 natural fish were sampled in the Klamath
reaches from 5 April through 31 May (Shasta to §g¢6t), Scott to Salmon (K3) and Salmon to
Trinity (K2)). An additional 118 fish were sampladthe upper Trinity River at the Pear Tree Trap
(PTT) and in the Trinity to Estuary (K1) reach, #ototal of 378 natural fish sampled in 2010.

Because natural fish are sampled before river ¢timmdi become more adverse for Chinook
juveniles (primarily elevated river temperatured associated actinospore production), infection
levels are expected to be lower for this groupeAftatchery fish are released, we are no longer
able to differentiate natural Chinook salmon (pmtlin the main stem or tributaries) from
unmarked hatchery Chinook salmon.

Prevalence o€. shasta andP. minibicornis infections were relatively low in natural fish saled in
the upper Klamath reaches from 6 April to 2 Ju@eshasta was detected in 11% (31/280, ci= 3-
9%) of Chinook salmon sampled above the TrinitydRisonfluence (K4, K3, and K2) by QPCR,
and in 6% (4/70, ci = 2-14%) of Chinook salmon skedpelow the confluence, in the Trinity to

Estuary (K1) reach (Table 3).

ComparativelyP. minibicornis prevalence of infection in natural Chinook salnsampled above
the Trinity River confluence was 47% (132/280, di=8B%) and 34% (24/70, ci=23-47%) below
the confluence in the Trinity to Estuary (K1) reach

Mixed-Origin Chinook Salmon

Prevalence of. shasta infections in mixed-origin Chinook salmon, sampédabve the Trinity
confluence from 4 April to 16 August, was 16% (B8¥5, ci=13-18%). Below the confluenez,
shasta prevalence of infection was 25% (58/230, ci=20-31%he Trinity to Estuary (K1) reach
and 26% (52/201, ci=20-33%) in the Klamath Rivetugsy (KO) (Table 3). Prevalence data for
Coded-wire tagged Chinook salmon is discussedrihdu detail in a separate section of the report.
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Table 3. Prevalence o€. shasta infection by reach in Mixed-Origin Chinook salmon(Natural, unmarked and

IGDto Shasta Scottto Salmon TR to Estuary Upper Lower
Shasta to Scott Salmon to TR Estuary Trinity Trinity
(K5) (K4) (K3) (K2) (K1) (KO) (PTT) (WCT)

Natural Chinook salmon — Sampled 4 April through 2June'

C. shastat+/ N ND 16/131 | 14/79 1/70 4/70 ND 1/48 ND
C. shasta ND 12% 18% 1% 6% ND 2% ND
Percent

Positive

Unknown Origin Chinook salmon (Unmarked) — Sampled3 June through 16 August

C. shastat+/ N 0/11 14/92 53/154| 20/175 8/59 ND 1/34 0/2
C. shasta Neg 15% 34% 11% 14% ND 3% Neg
Percent

Positive

IGH-CWT 0/44 5/68 1/17 11/20 |41/81 47/152 | ND ND
C. shasta+/ N

C. shasta Neg 7% 6% 55% 51% 31% ND ND
Percent

Positive

TRH-CWT ND ND ND 0/3 0/9 1/36 0/85 0/131
C. shasta+/ N

C. shasta ND ND ND Neg Neg 3% Neg Neg
Percent

Positive

Unreadable 0/1 0 2/6 0/4 5/11 4/13 | 0/1 0/6
cwr?

ALL CWT 3 0/45 5/68 3/23 11/27 46/101) 52/201 0/86 0/137
C. shasta+/ N

C. shasta Neg 7% 13% 46% 46% 26% Neg Neg
Percent Positive

All Mixed-Origin Chinook salmon Sampled (Natural, unknown/unmarked and CWT) —
Sampled 4 April through 16 August

C. shastat/N 0/56 35/291 | 70/256| 32/272 58/23052/201 | 2/168 0/139

C. shasta Neg 12% 24% 12% 25% 26% 1% Neg
Percent Positive

CWT).

Key: N=Total sample number, ND=Not done (reachsawhpled)

 Trinity River natural Chinook salmon were collecte2iMay to 24 May in the upper basin at Pear Tre@ TPTT).
2 Trinity CWT Chinook salmon were collected 9 Junetgh 16 August.

% Note: All CWT includes 42 CWT Chinook salmon wicad unreadable tags (no tag, lost tag, or unbbadag
code). Therefore IGH and TRH CWT sample sizesWshio gray highlighting) are slightly smaller thdre All CWT
figures given.

*Trinity River mixed-origin Chinook salmon were aadted 9 June to 2 August at Pear Tree Trap (PTI)n@ to 28
July at Willow Creek Trap (WCT), and 3 May to 24 yia the Trinity River confluence to Estuary (KEach.
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Environmental Conditions
In 2010, river temperatures were lower in May amae] ranging from 10-17°C. Only in late June
and July did river temperatures reach over 18%€e#&d Valley (Figure 3). In previous study years,

we typically observe temperatures above 18°C (&ieth @as high as 22°C) approximately one month
earlier than occurred in 2010.
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Figure 3. Mean Daily Temperature (MDT) below IronGate Dam for 2009 and 2010 (upper graph) and Mean
Daily Temperature from May through June, at Seiad \alley (lower graph, USGS temperature gauge).
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River flows below Iron Gate Dam in 2010 were fastatic and similar to previous study years
(Figure 4).
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Figure 4. Mean Discharge (CFS) below Iron Gate Danm 2010. USGS Gauge 11516530 located 0.5mi
downstream from Iron Gate Dam, and 6 mi northeast bHornbrook, CA. See Appendix V for the USGS 2010
Annual Water Year Report.
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Bi-Weekly Prevalence of Infection by Sample Red@RCR and Histology)

As described in the methods section, the mixedsosgmple group consists of natural, unmarked
fish of unknown origin, and CWT Chinook salmon. tdlegical assessments were performed on
random, but separate, mixed-origin fish collectexinf the same reach and location (Appendix I,
Tables 1A-4A).

Iron Gate Dam to Shasta R. (K5)

In the IGD to Shasta (K5) readB, shasta was not detected by QPCR (0%, 0/56, ci=0-6%) in
mixed-origin Chinook salmon sampled from 31 Mag8&JuneP. minibicornis was detected by
QPCR in 27% (15/56, ci= 16-40%) of mixed-origin @k salmon.P. minibicornis was not
detected in natural fish sampled during the weekloMay. Infection prevalence was low (16%) in
mid-June, and peaked at 60% in late June (Figure 5)

Histology sampling was not performed in this reatire to the relatively low prevalence©f
shasta we have observed historically in this reach amdptoximity to Iron Gate hatchery.

IGD to Shasta
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Figure 5. Bi-weekly prevalence oCeratomyxa shasta (Cs +) andParvicapsula minibicornis infection (Pm +) by
QPCR in juvenile Klamath River Chinook salmon captued in K5 reach on the Klamath River (Iron Gate Dam
to Shasta River). Sample numbers collected each gleare displayed at the bottom of each columnC. shasta
was not detected in K5P. minibicornis was not detected on 31 May.
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Shasta R. to Scott R. (K4)

In the Shasta to Scott reach (K@),shasta was detected by QPCR in 12% (35/291, ci=9-16%) of
mixed-origin Chinook salmorC. shasta was not detected late May when infection prevaenc
reached 26% (Figure 6). The prevalence decreassadadwo week period, rose to 23% in early
June and peaked at 41% in late June. In the ndighaubset collected in this reach (4 April to 2
June)C. shasta prevalence of infection was 12% (16/131, ci=7-12%q similar to the mixed-
origin group.

In the Shasta to Scott rea¢h,minibicornis was detected by QPCR in 52% (150/291, ci=46-57%)
of mixed-origin Chinook salmon. Infection prevaleneached 100% by the late May, decreased
over a two week period, and peaked again betwe®&i®o in mid to late JuneR. minibicornis
prevalence of infection in natural fish was 49%/{B3, ci=40-56%) and similar to the larger
mixed-origin group.
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Figure 6. Bi-weekly prevalence o€Ceratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection by
QPCR in juvenile Klamath River Chinook salmon captued in K4 reach on the Klamath River (Shasta Riverto
Scott River). Sample numbers collected each weekeadisplayed at the bottom of each columng. shasta was not
detected on 4 Apr, 19 Apr, 3 May, and 17 MayP. minibicornis was not detected on 4 Apr.
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C. shasta infectious load in this reach, as determined layltly mean parasite DNA copy number,
was lower at the first detection (1.5 log) in 2@&npared to 2009 (3.1 log) (Figure 7).

In addition to lowelC. shasta DNA copy number in Chinook salmon overall in 20 entire

period of increasing prevalence of infection waftasth by approximately a three week period in the
Shasta to Scott (K4) reach. In 2009 skasta bi-weekly prevalence of infection was 97% by
QPCR when first detected in this reach in early MaymparativelyC. shasta prevalence of
infection in 2010 was 26% and did not occur urtielMay.
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Figure 7. Ceratomyxa shasta mean log DNA copy number in 2009 (2009 LOG DNA) ah2010 (2010 LOG DNA)
and bi-weekly prevalence of infection (2009 POI an@010 POI) in the Shasta to Scott (K4) reach.
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For histology, eight bi-weekly collections occurteetween 5 April and 5 July for a total of 74
specimens (Appendix 1, Table 1A). Collection grebetween 5 April and 31 May were natural
origin given the 1 June initial Iron Gate HatchegleaseC. shasta was detected in 20% (15/74
ci=12-31%) of mixed-origin Chinook salmon (Figure 8

Shasta to Scott === Cs POl %
100% - — Path Score =
-5
80% 4
-4
60% 3

40%

w
Pathology Score

20%

0%

Figure 8. Bi-weekly prevalence of infection foCeratomyxa shasta (Cs POl %) and mean pathology score (Path
Score) by histology in juvenile Klamath River Chin@k salmon captured in the Shasta to Scott (K4) re&c

Ceratomyxa shasta trophozoites were first observed within 40% theMay intestines with two
peaks in prevalence and inflammation severity aaogion 31 May and 5 July (Figure 8).
PresumptiveC. shasta trophozoites were seen in 10% of gill sections iteigig in the 7 June
collection. Gill sections had a prevalence of 4M#tacercaria cysts (34/72, ci=35-59%) with one
| chthyophthirius multifiliis trophozoite observed in one fish sampled 21 Jiwhelti-focal
hyperplastic regions of gill epithelium without abus parasite association were observed in 26%
of the sections. A majority of the same sectioad metacercaria cysts in other areas of the gill.
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Histologically, Parvicapsula minibicornis trophozoites were seen in 51% of the fish colkcte
(38/74 ci= 39-63%) with kidney inflammation scoresreasing throughout the time period
(Figure 9).
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Figure 9. Bi-weekly prevalence of infection foParvicapsula minibicornis (Pm POI %) and mean pathology score
(Path Score) by histology in juvenile Klamath RiverChinook salmon captured in the Shasta to Scott (K4each.

Scott R. to Salmon R. reach (K3)

In the Scott to Salmon reach (K8), shasta was detected by QPCR in 27% (70/256, ci=22-33%) of
mixed-origin Chinook salmon. Infection prevalen@aked in early June at 50%, decreased over a
two week period, and peaked again in late Jun8%t defore decreasing for the remainder of the
sampling period (Figure 10). Comparatively,shasta prevalence of infection in natural fish
(collected 3 May to 31 May) was 18% (14/79, ci=28%) in this reach.

In this reachP. minibicornis was detected by QPCR in 83% (213/256, ci=78-880f)ined-origin
Chinook salmon. Infection prevalence peaked inyehrhe at 90%, reached 100% the following
week and remained high for the remainder of thepdiagnperiod (Figure 10P. minibicornis
prevalence of infection in natural fish sampledhiis reach was 54% (43/79, ci=43-66%).
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Figure 10. Bi-weekly prevalence o€eratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection by
QPCR in juvenile Klamath River Chinook salmon captued in the Scott to Salmon (K3) reach. Sample nundrs
collected each week are displayed at the bottom e&ich column.

An additional 40 Chinook salmon were sampled fromm$almon River RST on 2 Aug and tested
negative foiC. shasta andP. minibicornis by QPCR assay.

Histologically,C. shasta was detected in 20% (4/20, ci=6-45%) of mixed-ori@hinook salmon.
Parvicapsula minibicornis trophozoites were seen in 65% (13/20, ci=41-85Pth@fish collected.

Twenty natural origin salmon were examined histaally, during the weeks of 3 May and 17 May
(Appendix 1, Table 2A)C. shasta trophozoites were observed in 40% (4/10, ci=12-ydf4.7

May fish associated with only minor inflammatiomicative of an early stage infection. Despite
the relatively low water temperatures in May, inflaation of visceral adipose tissue (steatitis) was
a common observation (prevalence 67%).

Parvicapsula minibicornis trophozoites were seen in collected fish with ladney inflammation
scores indicative of early stage infections. Ncapdes were seen in the gills.
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Salmon R. to Trinity R. reach (K2)

In the Salmon to Trinity reach (K2}, shasta was detected by QPCR in 12% (32/272, ci=8/16%)
of mixed-origin Chinook salmon. Infection prevaterwas low (0-13%) in the samples collected
May through June, peaked in mid-July at 47% andedsed for the remainder of the sampling
period (Figure 11). In contrast to the larger mdkaigin group,C. shasta prevalence of infection in
natural Chinook salmon, collected 3 May to 24 Mags very low at 1% (1/70, ci=0-8%).

In the Scott to Salmon readR, minibicornis was detected by QPCR in 70% (191/272, ci=64-76%)
of mixed-origin Chinook salmon. Bi-weekly infectigmevalence steadily rose from mid-May
(45%) to mid- August (97%), with the exception wbtsample collections that occurred 24 May
and 19 July (Figure 11P. minibicornis prevalence of infection in natural fish, collec&®ay to

24 May, was 26% (18/70, ci=16-38%) in this reach.
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Figure 11. Bi-weekly prevalence of infection foCeratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+)
by QPCR in juvenile Klamath River Chinook salmon catured in the Salmon to Trinity River confluence (K2)
reach. Sample numbers collected each week are dsyped at the bottom of each columng. shasta was not
detected on 17 May, and 24 May, and 21 Jun.
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C. shasta infectious load in this reach, as determined layltly mean parasite DNA copy number,
was lower at the first detection (<1 log, 4 MayRiil0 compared to 2009 (5 log, 18 May)

(Figure 12). Ceratomyxa shasta DNA copy number in Chinook salmon was substantialver in
2010 for the entire sampling period in this reable: peak of 3.2 and 3.0 log DNA copy number
occurred 7 June and 29 June. These peaks repnefsation levels in natural Chinook salmon, and
likely hatchery Chinook salmon (based on the Juredelase date for Iron Gate Hatchery, and the
location of this reach).
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Figure 12. Ceratomyxa shasta mean log DNA copy number in 2009 (2009 LOG DNA) ah2010 (2010 LOG DNA)
and bi-weekly prevalence of infection (2009 POI an@010 POI) in the Salmon to Trinity River confluene (K2)
reach.

22



Histologically,C. shasta was detected in 8% (7/93, ci=3-15 %) of mixed-orighinook salmon.

Nine bi-weekly collections occurred between 3 Mag 46 August for a total of 93 specimens
(Figure 13 and Appendix I-Table 3A). Collectiorogps between 3 May and 31 May were
considered of natural origi&eratomyxa shasta trophozoites were first observed within 40% the 7
June collection group. The infections were largglgn early stage with minimal inflammation.
Trophozoites were associated with gill lamellar éngbasia in 2 fish collected during August. In
both cases, no other parasites were observed giltlsection suggesting the fish was responding to
C.shasta. Inflammation of visceral adipose tissue (stegtivas a common observation
(prevalence 48%).
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Figure 13. Bi-weekly prevalence of infection foCeratomyxa shasta (Cs POI %) and mean pathology score (Path
Score) by histology in juvenile Klamath River Chinak salmon captured in Salmon to Trinity confluencgK2)
reach.

Parvicapsula minibicornis trophozoites were seen in 67% (62/93, ci=56-7684isb collected
with moderately high kidney inflammation scoreswesn 7 June and 19 July (Figure 14). Gill
sections had a 68% prevalence of metacercaria (§3132) with 51% having multi-focal
hyperplastic regions of gill epithelium.
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Figure 14. Bi-weekly prevalence of infection foParvicapsula minibicornis(Pm POI %) and mean pathology
score (Path Score) by histology in juvenile KlamatiRiver Chinook salmon captured in the Salmon to Tmity
River confluence (K2) reach.

Trinity R. to Estuary reach (K1)

In the Trinity to Estuary reach (K1g,. shasta was detected by QPCR in 25% (58/230, ci=20-31%)
of mixed-origin Chinook salmon. Infection prevaterrose gradually (0%-86%) from 3 May to the
peak prevalence on 12 July, generally decreaseitifee weeks, and peaked again at 75% on the
last sample date of 16 August (Figure X5)shasta prevalence of infection in natural fish sampled
in this reach (3 May to 31 May) was expectedly loae6% (4/70, ci=2-14%).

In the Trinity to Estuary reacl, minibicornis was detected by QPCR in 73% (167/230, ci=66-
78%) of mixed-origin Chinook salmon. Infection paéence initially was 25% and increased
gradually, except for the decrease to 5% duringst®nd sample week. Prevalence peaked at
100% in early July and remained high for the remairof the sampling period (83-100%). In
natural fish, prevalence of infection was loweB4%o (24/70, ci=23-47%) in this reach.
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Figure 15. Bi-weekly prevalence o€eratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) by QPCR in
juvenile Klamath River Chinook salmon captured in the Trinity River confluence to Klamath River Estuary
(K1) reach. Sample numbers collected each week adésplayed at the bottom of each columng. shasta was not
detected on 17 May.

Histologically, eight bi-weekly collections occudreetween 3 May and 26 July for a total of 80
specimens (Figure 16 and Appendix 1 — Table 4&pllection groups between 3 May and 31 May
were considered of natural origi@eratomyxa shasta trophozoites were first observed within 30%
the 3 May collection group with an overall prevalerf only 18% (14/80, ci=10-28%). Half of
these infected fish had intestinal inflammationi¢éative of a disease state. Inflammation of viscera
adipose tissue (steatitis) was a common observtievalence 68%).
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Figure 16. Bi-weekly prevalence of infection foCeratomyxa shasta (Cs POI %) and mean pathology score (Path
Score) by histology in juvenile Klamath River Chinak salmon captured in the Trinity River confluenceto
Estuary (K1) reach.

Histologically, Parvicapsula minibicornis trophozoites were seen in 54% (43/80, ci=42-65P6) 0

fish collected with moderately high kidney inflamtoa scores between 7 June and 19 July (Figure
17). Gill sections had a 35% prevalence of metace cysts (28/81, ci=24-46%) with 37%

having multi-focal hyperplastic regions of gill &plium.
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Figure 17. Bi-weekly prevalence of infection foParvicapsula minibicornis (Pm POI %) by histology in juvenile
Klamath River Chinook salmon captured in the Trinity River confluence to Estuary (K1) reach.

Klamath River Estuary (K0)

In the Klamath River Estuary (KO) reaChshasta was detected by QPCR in 26% (52/201, ci=20-
32%) of CWT Chinook salmon. The first estuary skspvere collected the week of 21 June and
had an initial infection prevalence of 10%. Premakepeaked over a two week period to 50%, then
decreased as in a normal bell shaped curve. Andetse in prevalence occurred in the 9 August
sample set (Figure 18).

In the Klamath River Estuary readh, minibicornis was detected by QPCR in 87% (174/201,
ci=81-91%) of CWT Chinook salmon. Prevalence oéation rose over a 5 week period (70%-
93%), dropped the week of 26 July and resumedght levels throughout the remainder of the
sample period.

Histology sampling was not performed in this reach.
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Figure 18. Bi-weekly prevalence o€eratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) by QPCR in
juvenile Klamath River Chinook salmon captured in the Klamath River Estuary (K0). Sample numbers
collected each week are displayed at the bottom e&ch column.
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Marked (CWT) Chinook Salmon

Iron Gate Hatchery

The constant fractional mark rate at Iron Gate hiatg increased to 25% in 2009 (Buttars and
Knechtle, 2009) providing an opportunity to captararger proportion of IGH CWT Chinook
salmon in the past two years of the monitoring wtutihe increased CWT mark provides a larger
sample size and better assessment of myxozoartiarféevel at weeks post hatchery release.
Ceratomyxa shasta was detected in 27% (105/382, 95% ci=23-32%) laharked IGH Chinook
salmon screened by QPCR and 11% (17/149, 95% @&&4) bf IGH-CWT collected above the
confluence of the Trinity River. Historical data fQPCR and histology are given in Table 4.

Table 4. Historic annual prevalence ofC. shasta infection (% positive), as diagnosed by histologgnd QPCR, in
juvenile Chinook salmon collected from the Klamathmain stem between Iron Gate Dam and Trinity River

confluence during May through July, 1995-2009. Siitar data is shown in columns 4 & 5 for coded-wirdagged
(CWT) fish from each hatchery: Iron Gate HatcheryChinook salmon captured in reaches above the confmce

of the Trinity River (K5, K4 and K2) and Trinity Ha tchery Chinook salmon (positive/total, (percent pasive))
collected below the Trinity R. confluence (K1) andstuary (KO).

Year Chinook, May-July, | Iron Gate CWT-QPCR | Trinity CWT- QPCR

Above TR Confluence | (Above TR confluence - | (Below TR confluence —

(Percent Positive reach K5, K4, and K2) reach K1/K0)
by Assay)

Histology QPCR
1995 44 NS NS NS
2002 19 NS NS NS
2004 34 NS NS NS
2005 35 Not NS NS

Included

2006 21 34 6/18 (33%) 1/67 (1%)
2007 21 31 15/22 (68%) 46/332 (14%)
2008 37 49 9/13 (69%) 8/257 ( 3%)
2009 54 45 82/228 (36%) 13/100 (13%)
2010 15 17 17/149 (11%) 1/45 (2%)
Average| 31% (3) 35% (6) 43% (11) 7% (3)
(SE)

1 NS= Not Sampled.
2 Only TR CWT Chinook salmon were assayed in 2002 byistology.

Parvicapsula minibicornis was detected in 80% (302/382, ci=75-83%) of altked IGH Chinook
salmon screened by QPCR and 48% (72/149, 95% &%40) of IGH-CWT collected above the

confluence of the Trinity River.
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The largest proportions of Iron Gate Hatchery CWAInGok salmon were recovered from the
Estuary (KO) and the Trinity to Estuary (K1) red€iigure 19).C. shasta prevalence of infection
was highest in Chinook salmon recovered from tHm8ato Trinity (K2) reach at 54%. shasta
was not detected in the 44 CWT Chinook salmon rex/from Iron Gate Dam to the Shasta (K5)
reach.C. shasta prevalence of infection was notably low (<10%}he upper reaches (Shasta to
Scott and Scott to Salmon) in 2010.
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Figure 19. Ceratomyxa shasta prevalence of infection by QPCR in Iron Gate Hatclery CWT by reach in which
marked Chinook salmon were recovered from. Whiskes indicate 95% confidence interval, sample numbeisiat
the base of each bar. No fish tested positive f@. shasta in the K5 reach.

C. shasta parasite load, as determined by parasite DNA caymgber, was highest in IGH CWT
Chinook salmon residing for 3 weeks post hatchelgase (Figure 20). The average parasite copy
number for infected fish was ~12,000 copies whavgence of infection was over 40%. Parasite
levels dropped dramatically in the 4 WAL group, lelthe prevalence of infection remained
relatively similar to the 3 WAL group. The largee in parasite number, followed by rapid
decreases suggests that highly infected Chinookaabre dropping out of the population between
3-4 WAL. However, the highest me&@nshasta DNA copy number of 12,000 is relatively low
compared to levels obtained from clinically moriduish: which correlates to ~96,0@ shasta

DNA copy number or a £value of approximately 25 (True et al. 2011).

A second rise in parasite numbers occurs in theA\BA& groups, while prevalence of infection for

these sample groups remains in the 25-30% range.tNat whileC. shasta prevalence of infection

remains moderate to high at 25-56% in the 7-8 WAdug, the parasite DNA copy number is

negligible. This indicates that whi(@ shasta was present in Chinook salmon that resided for 7-8
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weeks prior to recapture, the parasite load indliise was minimal. Sample size for 9 WAL was
notably small, and the single Chinook salmon reced@at 10 WAL was negative f@. shasta.
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Figure 20. C. shasta prevalence of infection in IGH CWT by Weeks at Lage (WAL) post hatchery release.
Lines (dashed red) are the meag. shasta DNA copy number for Chinook salmon testing positie by QPCR, and
(solid black) mean DNA copy number for the entire ppulation sampled.
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The relatively low parasite infectious load obseri@ C. shastain IGH CWT doesn’t appear to

hold true forP. minibicornis prevalence of infection at Weeks at Large. IFanvicapsula
minibicornisin IGH-CWT Chinook salmon, parasite load is quitéerent, with a cyclic

proliferation of parasites in the 3,6 and 8 WAL gps, and parasite DNA copy numbers above
300,000 copies (Figure 21). Prevalence of infecitsohigh (90-100%) in all but the 1 and 2 WAL
groups. We observe rapid cyclical proliferatiorpafasite numbers in the kidney tissue, which may
explain why prevalence of infection in Chinook safnrises rapidly in early Spring and remains
high for this parasite throughout the sampling seas
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Figure 21.P. minibicornis prevalence of infection in IGH CWT by Weeks at Lage (WAL) post hatchery release.
Lines (dashed red) are the meaR. minibicornis DNA copy number for Chinook salmon testing positie by
QPCR, and (solid black) mean DNA copy number fortie entire population sampled.
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Trinity River Hatchery

Ceratomyxa shasta was detected in 0.4% (1/264, 95%ci=0-2%) of thekexh TRH Chinook
salmon screened by QPCR (data not graphed). RabdNA levels were low (664 copies) in the
single positive Chinook salmon that had been ragifbr 9 WAL upon recapture in the Estuary.

Parvicapsula minibicornis was detected in 7% (18/264, ci=4-11%) of all mdrk&H Chinook
salmon screened by QPCR. Similatcshasta in TRH CWT Chinook salmgnthe only sample
group with any significant level &f. minibicornis DNA occurred in fish captured 9 weeks post
release (Figure 22).
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Figure 22.P. minibicornis prevalence of infection in TRH CWT by Weeks at Lage (WAL) post hatchery release.
Lines (dashed red) are the meaR. minibicornis (Pm) DNA copy number for Chinook salmon testing psitive by
QPCR, and (solid black) mean DNA copy number fortie entire population sampled.
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DISCUSSION

The prevalence df. shasta andP. minibicornis infections in juvenile Chinook salmon has been
monitored in fish health studies in the Klamathdrigince 2004 (Nichols and Foott 2006; Nichols
et al. 2007; Nichols and True 2007; Nichols eR8D8, True et al 2010)C. shasta prevalence of
infection by histological assessment of Chinooknsad captured above the Trinity River
confluence is the metric used to compare annuebdes prevalence in the Klamath River. Annual
comparisons are limited to May through July: thakpgivenile Chinook salmon migration period
for Klamath River Chinook salmon (Leidy & Leidy 198V allace & Collins 1997). Histological
assessments, along with complimentary QPCR asgensde a degree of temporal and spatial
information for prevalence of infection over thewéek study period, and for specific reaches of
the Klamath River. Temporal data is also derivednficoded wire tagged Chinook salmon, with
known exposure periods based on hatchery releasm auver recapture dates. Spatial data is
provided as weekly prevalence of infection in thganreaches of the Klamath River, as juvenile
Chinook salmon migrate towards the estuary.

Predictions for myxozoan disease impacts on KlarRatler Chinook populations are limited by the
nature of monitoring studies. The limitations arenarily due to difficulty in sorting out disease
effects from broader environmental factors in aratigry Chinook salmon population. Myxozoan
parasite exposure and subsequent disease progréssiat a linear process in a riverine
environment. Natural and hatchery juvenile Chineaknon are likely to be exposed to infectious
actinospores at multiple points in time and foriafale durations once they enter the main stem
Klamath River (Bartholomew 2007, Foott et al. 2Q@8rticularly in the more infectious upper
reaches above the Trinity River confluence. Pastitaring of tributary Chinook salmon,

including a large hatchery component from Trinityd® which has been monitored in this study
since 2006, has shown negligil@eshasta infections in fish that do not rear in the Klamathin
stem. This produces a complex epidemiologicaupector the basin’s Chinook salmon
populations. We address these issues by discudisiegse prevalence above and below the Trinity
River confluence for natural, mixed-origin and C\@Hhinook salmon.

For myxozoan fish diseases, the primary factorshHerfish host include: species and individual fish
susceptibility (Zinn 1977, Buchanan 1983, Ibarralefi992, Bartholomew 1998,), parasite
exposure dose (frequency and duration) (Ratclif11 Bjork & Bartholomew 2009b, True et al
2011), and water temperature (Udey et al. 1975hBlow 2005). Temperature is extremely
important in regulating fish metabolism (immunep@sse and energy metabolism), as well as
polychaete and parasite development (Ratcliff 188®it et al. 2004, Bartholomew 2006, Meaders
and Hedrickson 2009). Both biotic and abiotic dastare closely associated with complex
ecological interactions between the polychaetefehchosts. Main stem and tributary flows
influence polychaete abundance, density and |dvghiasite infection within the worm host (Bjork
and Bartholomew 2009b, Stocking et al. 2006,) d$ age migration behavior of juvenile Chinook
salmon (timing, rate, utilization of tributariesddar thermal refugia)(Foott et al. 2004b, Harmon et
al. 2001).

Infectivity patterns foCeratomyxa shasta infections are fairly well defined for native Klaathn

basin salmonid species. At river temperatures24°C) commonly observed in the Klamath River
during peak juvenile Chinook salmon migration, vemerally see a three week cycle from initial
parasite exposure to clinical disease that regsultsoderate to high levels of mortality. This
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infectivity pattern has been established througttisel susceptibility studies (Bartholomew 2010,
Bjork and Bartholomew 2010, Bartholomew 2009, Stenhal. 2008, True et al. 2011) and annual
monitoring of CWT Chinook salmon with known expasyeriods in the main stem Klamath
(Nichols and Foott 2006, Nichols et al. 2007, Nishend True 2007, Nichols et al. 2009, True et al
2010). In 2010, this infectivity pattern was apdrin the majority of reaches as a bimodal
distribution in bi-weekly prevalence of infectioatd: natural Chinook salmon sampled prior to
hatchery releases, and in mixed-origin Chinook saleollected after 1 June. We also observed
this C. shasta infectivity pattern in Iron Gate Hatchery coded@viagged Chinook salmon (weeks
at large data).

In 2010,C. shasta infection by histology (15%) was the lowest legbkerved during all previous
Klamath River fish health monitoring studies contgdcdrom 2005 to 201@. shasta prevalence of
infection by the more sensitive QPCR assay (Baothelw 2004, Hallett 2006, True et al. 2009)
was also the lowest level (17%) observed to ddfe.observed a temporal shift, and lower
magnitude ofC. shasta bi-weekly prevalence and peak prevalence of idacbf approximately 1
month, depending on the specific reach, in this’gaaonitoring study. We observed a similar
pattern in 2006, when a large precipitation and/fevent shifted the disease onset and peak by
approximately 2-3 weeks towards the later migragieriod. Petros and Dillon (2007) suggest that
sentinel studies conducted in 2006 demonstratadtestinfection prevalence and mortality rates,
as a consequence of lower infectious dose. We @pédulate that this additional flow event may
have diluted the infectious actinospore concemnatin the water column in 2010, thereby
reducing infectivity. However, the precipitationegx in 2006 only decreas€l shasta prevalence

of infection temporarily and overall annual prevade of infection was not substantially lower in
2006 compared 2007 when no significant flow evewstaurred. It is unlikely that a single rain event
and the temporary increase in flows would decreles®ase impacts substantially. An alternative
argument could be made that higher flows may hasmpted rapid emigration out of the most
infectious upper reaches. However, we observad@ate Hatchery coded-wire tagged Chinook
salmon entering the Klamath River Estuary at appnately the same period as in previous years
(3-5 weeks post hatchery release). So evidentertigaation timing was affected in 2010 is
lacking.

Either of the above hypotheses regarding reducpdsexe dose due to dilution, or increased
migration rate (indirectly reducing exposure peraod therefore dose) do not appear supported by
the juvenile Chinook salmon infectivity data cotledt in 2010. The primary differences observed
in 2010 relate to later infectivity in the uppeachkes and lower magnitude of infection in the lower
reaches. It should also be noted that Iron Gateddk salmon were released approximately two
weeks later in 2010 (1 June) compared to 2009 (a9)Mn typical monitoring years, later hatchery
releases are generally less favorable for juveniles to rising river temperatures. But despite th
later release date in 2010, juvenile Chinook salexqerienced loweC. shasta infection levels in

all reaches sampled and lower annual prevalenodeaftion than previously observed.

In past monitoring studie€. shasta weekly prevalence of infection increases in thpansample
reaches during May and June, when we typically miesg5-80% of juvenile Chinook salmon
infected. The peak prevalence of ceratomyxosisadiseypically occurs in mid-June (Nichols and
True 2007, Nichols et al. 2008, Nichols et al. 20DQie et al. 2010). By contrast, in 20C0shasta
was not detected at all in the uppermost Iron Gate to Shasta (K5) reach, immediately below
Iron Gate Hatchery. Furthermor@,shasta was detected in only 12% of both natural Chinook
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salmon sampled in May and in hatchery Chinook salsampled in June in the next lower reach
(Shasta to Scott)C. shasta was not detected in 2 of 4 sample weeks in Jute, leon Gate

Hatchery Chinook salmon releases, and the higtesdt prevalence of 41% did not occur until 28
June. This delayed onset and peak of infectiongpyaximately 2 weeks, in one of the most
infectious reaches, indicates that Chinook salnitheeexperienced a substantially lower infectious
dose, a delayed progression of disease, or a camdpdibeneficial effect attributable to both of
these factors.

In the two most infectious reaches historicallygSta to Scott (K4) and Salmon to Trinity (K2))

the parasite infectious load, as determine€hbshasta DNA copy number, was delayed in the
upper reach, and of lower magnitude in the lowacke In the Shasta to Scott reach, the magnitude
of the temporal distribution of log mean DNA copymmber was not remarkably lower (~ 1 log) in
2010; however the distribution was shifted appraatety 3 weeks into late May, compared to 2009
data. In the lower Salmon to Trinity (K2) readte frequency distribution @. shasta DNA copy
number was flattened in magnitude (2-3 logs lowempared to 2009. These patterns of
infectivity levels in juvenile Chinook salmon sugg¢hat fish were infected at somewhat lower
levels in 2010 in the upper reaches, compared ®@.28However the onset of infection and
progression to clinical disease was delayed byraéweeks. Subsequently, infectious load in
Chinook salmon sampled in the lower reach (SalmodFrinity) was several DNA copy number

logs lower compared to the same period in 2009.

In Iron Gate Hatchery coded-wire tagged Chinooknsal, C. shasta prevalence of infection in the
Klamath River Estuary in 2010 (26%) was lower tbaserved in 2009 and the majority of study
years: comparable to 2008 (27%), lower than 26664), 2007 (69%) and 2009 (65%). For IGH
CWT Chinook salmon collected above the Trinity Rigenfluence(. shasta annual prevalence of
infection was also lower in 2010 (11%) compareg@r&vious monitoring years where it ranged
from 33%-69% in 2006-2009. In the Klamath Riveruzsy reach specificall\¢. shasta annual
prevalence of infection was 26% in 2010, and lbas half the prevalence level (65%) observed in
2009. Trinity Hatchery coded-wire tagged Chinoakron were not infected in the Trinity River in
2010; the onlyC. shasta positive coded-wire tagged Chinook salmon was cagtin the Estuary,
indicating that exposure and infection occurredraghtering the main stem Klamath River, below
the Trinity River confluence.

River temperatures and flows are both importansictarations in assessing disease impacts on
juvenile Chinook salmon in a given study year. Ril@vs below Iron Gate Dam were not
substantially different in 2010 compared to presgigstudy years. Mean monthly discharges were
relatively static (May = 1225cfs, June =1050cfs dnly = 825cfs) and therefore flows do not
appear to account for the difference£irshasta infectivity that we observed in 2010. Water
temperature however influences both hosts in thastta’s life cycle. Water temperature affects
polychaete development, sexual maturation and ptexuof infectious actinospores in infected
worm populations. In the fish host, temperatusg/pla key role in immune function and energy
metabolism (Wedemyer 1996, Jobling 1995). Immumetion is particularly important in
resistance to parasite invasion and/or containifigartholomew 1998), and more generally in
terms of parasite proliferation and disease pragpeglbarra 1992b, Foott et al. 2004, True 2011).
Cooler Spring and early summer temperatures agpdave played a more significant role in
disease dynamics in 2010. Udey (1975) demonstthttgost-exposure temperature is inversely
related to mortality rates: 22% when fish were rald5°C compared to 84% at 20°C. We
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hypothesis that cooler Spring temperatures (bel8*CLbelow Iron Gate Dam (in the infectious
zone) followed by 3-5°C cooler temperatures in Mg and early June at Seiad Valley (the lower
boundary of the infectious zone) likely delayedhbtbte maturation of polychaetes and the
progression of disease in out-migrating juvenilen@bk salmon in the Klamath River basin.
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APPENDIX | — Histological Summary Table

Table 1A. Prevalence of parasite infection and tis® (no. positive / total (%)) and pathology scoreof kidney and intestine observed in histological stions
of juvenile Klamath River Chinook salmon collectedrom the Shasta to Scott reach (K4).

4/5 4/19 5/3 5/17 5/31 6/7 6/21 715 Prevalence
Kidney
Pm Troph. | 0/10 (0) 1/10 (10) 5/10 (50) 8/10 (80) 9/10 (90) 7110 (70) 410 (40) 0/4(0) 34 |/ 74 (46)
Pm Myxosp. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/4(0) 0/74(0)
Metacercaria | 0/ 10 (0) 0/10(0) 0/10(0) 2 /10 (20) 0/10(0) 2/10 (20) 410 (40) 0/4(0) 8/74 (11)
C. shasta troph. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/4(0) 0/74(0)
Chloromyxumsp | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/4(0) 0/74 (0)
Pathology Score 0.00 0.00 0.00 2.00 3.20 5.00 1.00 0.00
Intestinal tract
C. shasta troph. | 0/10 (0) 0/10(0) 0/10(0) 4/10 (40) 5/10 (50) 2/10 (20) 2/10 (20) 0/4(0) 13 /74 (18)
C. shasta myxosp. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/4(0) 0/74(0)
Helminth | 0/ 10 (0) 0/10(0) 0/10(0) 0/10(0) 1/10 (10) 0/10(0) 1/10 (10) 0/4(0) 2174 (3)
Pathology Score 0.00 0.00 0.00 2.00 0.00 0.20 0.80 0.00
Adipose steatitis | 0/ 10 (0) 0/2(0) 717 (100) 1/3(33) 415 (80) 5717 (71) 5717 (71) 0/4(0) 22 [ 45 (49)
Adipose lipofuscin | 0/ 10 (0) 0/1(0) 0/7(0) 0/3(0) 0/5(0) 0/7(0) 0/7(0) 0/4(0) 0/44 (0)
Liver C. shasta ND ND ND ND ND ND ND ND
Gill
Ich | 0/10(0) 0/10(0) 0/8(0) 0/10(0) 0/10(0) 0/10(0) 1/10(10) 0/4(0) 1/72(1)
Glochidia | 0/10 (0) 0/10(0) 0/8(0) 0/10(0) 0/10(0) 0/10(0) 2/10 (20) 0/4(0) 2172 (3)
Miricidia | 0/10 (0) 0/10(0) 0/8(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/4(0) 0/72(0)
Metacercaria | 0/ 10 (0) 1/10(10) 0/8(0) 1/10 (10) 7110 (70) 9/10 (90) 8/ 10 (80) 0/4(0) 26/ 72 (36)
Invasive C. shasta | 0/10 (0) 0/10(0) 0/8(0) 5710 (50) 0/10(0) 1/10 (10) 1/10 (10) 0/4(0) 7172 (10)
Multif. Hyperplasia | 0/ 10 (0) 0/10(0) 0/8(0) 0/10(0) 2/10 (20) 410 (40) 10/ 10 (100) 0/4(0) 16 /72 (22)
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Table 2A. Prevalence of parasite infection (no. pdgv/e / total (%)) and pathology score for kidney ad intestine observed in histological sections ofiyenile
Klamath River Chinook salmon collected from the Scti to Salmon reach (K3). Overall prevalence of irdction for the bi-weekly collections (date reported
as Monday of given week) also reported.

5/3 5/17 Prevalence
Kidney
Pm Troph. 4/10 (40) 9/10 (90) 13/ 20 (65)
Pm Myxosp. 0/10(0) 0/10(0) 0/20 (0)
Metacercaria 0/10(0) 0/10(0) 0/20 (0)
C. shasta troph. 0/10(0) 0/10(0) 0/20 (0)
Chloromyxum sp 0/10 (0) 0/10 (0) 0/20 (0)
Pathology Score 0.00 1.2
Intestinal tract
C. shasta troph. 0/10 (0) 410 (40) 4 /20 (20)
C. shasta myxosp. 0/10 (0) 0/10(0) 0/20 (0)
Helminth 0/10 (0) 0/10 (0) 0/20 (0)
Pathology Score 0.00 0.6
Adipose steatitis 3/5(60) 7110 (70) 10/ 15 (67)
Adipose lipofuscin 0/5(0) 0/10(0) 0/15 (0)
Gill Ich 0/10(0) 0/10(0) 0/ 20 (0)
Glochidia 0/10(0) 0/10(0) 0/20 (0)
Miricidia 0/10(0) 0/10(0) 0/20 (0)
Metacercaria 0/10 (0) 0/10(0) 0/20 (0)
Invasive C. shasta 0/10 (0) 0/10(0) 0/20 (0)
MF- Hyperplasia 0/10 (0) 6 /10 (60) 6 /20 (30)
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Table 3A. Prevalence of parasite infection (no. pdsse / total (%)) and pathology score for kidney and intestine observed in histological sections oaknon
collected from the Salmon to Trinity reach (K2). Qverall prevalence of infection for the bi-weekly ctlections (date reported as Monday of given week)lso

reported.
5/3 5/17 5/24 6/7 6/21 715 7/19 8/2 8/16 Prevalenc
e
Kidney
Pm Troph. | 0/10(0) | 1/10(10) | 9/10(90) | 10/ 10 (100) 10/10 10/10(100) | 11/12(92) | 6/10(60) | 5/11(45) | 62/93 (67)
Pm Myxosp. | 0/10(0) | 0/10(0) | 0/10(0) 0/10 (0) (100) 0/10 (0) 0/12 (0) 0/10 (0) 0/11(0) 0/93(0)
Metacercaria | 0/10(0) | 0/10(0) | 0/10(0) 1/10 (10) 0/10 (0) 3710 (30) 3/12(25) | 3/10(30) | 2/11(18) | 15/93(16)
C. shasta troph. | 0/10(0) | 0/10(0) | 0/10(0) 0/10 (0) 3/10(30) | 1/10(10) 0/12 (0) 0/10 (0) 0/11(0) 1/93 (1)
Chloromyxumsp | 0/10(0) | 0/10(0) | 0/10(0) 0/10 (0) 0/10 (0) 0/10 (0) 0/12 (0) 0/10 (0) 1/11(9) 1/93(1)
0/10 (0)
Pathology Score 0.00 0.00 0.50 4.60 3.40 3.80 3.67 1.90 0.91
Intestinal tract
C. shasta troph. | 0/10(0) | 0/10(0) | 0/10(0) | 4/10 (40) 0/10 (0) 1/10 (10) 0/12 (0) 1/10 (10) 1/11(9) 7193(8)
C. shasta 0/10(0) | 0/10(0) | 0/10(0) 0/10 (0) 0/10 (0) 0/10 (0) 0/12 (0) 0/10 (0) 0/11(0) 0/93(0)
myXxo. 0/10(0) | 1/10(10) | 2/10(20) 1/10 (10) 3/10(30) 0/10(0) 0/12(0) 0/10 (0) 1/11(9) 8/ 93 (9)
Helminth
0.00 0.00 0.00 0.20 0.10 0.30 0.08 0.10 0.20
Pathology Score
Adipose steatitis | 0/10(0) | 2/7(29) | 2/5 (40) 5/5 (100) 8179 (89) 719 (78) 1/5 (20) 3/7(43) 3/8(38) 31/ 65 (48)
Adipose | 0/10(0) | 0/7(0) 0/5 (0) 0/5(0) 1/9(11) 0/9(0) 1/5 (20) 0/7(0) 0/8(0) 1/65 (2)
lipofuscin
Gill
Ich| 0/9(©) | 0/10(0) | 0/10(0) 0/10 (0) 0/10 (0) 0/10 (0) 0/12 (0) 0/10 (0) 0/11(0) 0/92(0)
Glochidia | 0/9(0) | 0/10(0) | 0/10(0) 0/10 (0) 0/10 (0) 1/10 (10) 0/12(0) 0/10 (0) 0/11(0) 0/92(0)
Miricidia | 0/9(0) | 0/10(0) | 0/10(0) | 0/10(10) 0/10 (0) 0/10 (0) 1/12(8) 0/10 (0) 0/11(0) 0/92(0)
Metacercaria | 1/9(11) | 1/10(10) | 5/10(50) | 7/10(70) | 8/10(80) | 10/10 (100) | 12/12(100) | 9/10(90) | 10/11(91) | 63 /92 (68)
Invasive C. | 0/9 (0) 0/10 (0) 0/10(0) 0/10 (0) 0/10(0) 0/10 (0) 0/12(0) 1/10 (10) 1/11(9) 2/92(2)
shasta | 0/9(0) | 1/10(10) | 2/10 (20) 5/10 (50) 6/10 (0) 9/10 (90) 9/12(75) 7110 (70) 8/11(73) 47 /92 (51)

MF-Hyperplasia
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Table 4A. Prevalence of parasite infection (no. pdsse / total (%)) and pathology score for kidney and intestine observed in histological sections oaknon
collected from the Trinity R. to Klamath estuary reach (K1). Overall prevalence of infection for thebi-weekly collections (date reported as Monday of
given week) also reported.

5/3 5/17 5/24 6/7 6/21 7/5 7119 7126 Prevalence
Kidney
Pm Troph. | 1/10 (10) 1/9(11) 6/ 10 (60) 7110 (70) 6/11 (55) 9/10 (90) 7110 (70) 6/ 10 (60) 43/ 80 (54)
Pm Myxosp. 0/10(0) 0/9(0) 0/10(0) 0/10(0) 0/11(0) 0/10(0) 0/10(0) 0/10(0) 0/80 (0)
Metacercaria | 0/ 10 (0) 0/9(0) 1/10(10) 1/10 (10) 0/11(0) 2/10 (20) 3/10 (30) 6 /10 (60) 13/80 (16)
C. shasta troph. 0/10(0) 0/9(0) 0/10(0) 0/10(0) 0/11(0) 0/10(0) 0/10(0) 3/10 (30) 3/80 (4)
Chloromyxum sp 0/10(0) 0/9(0) 1/10(10) 1/10 (10) 2/11(18) 0/10(0) 1/10 (10) 1/10 (10) 6/80 (8)
Patholog.y Score 0.10 0.00 0.20 0.8 0.09 5.20 6.70 35
Intestinal tract
C. shastatroph. | 3/10(30) | 1/10(10) | 1/10(10) 3/10(30) 1/11(9) 1/10(10) 1/10(10) 3/10(30) 14 /80 (18)
C. shasta myxosp. 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/11(0) 0/10(0) 0/10(0) 0/10(0) 0/80 (0)
Helminth 0/10(0) 1/10(10) | 1/10(10) 1/10(10) 2/11(8) 0/10(0) 0/10(0) 0/10(0) 5/80 (6)
Pathology Score 0.30 0.10 0.20 1.20 0.00 0.40 0.60 1.60
Adipose steatitis | 2/ 10 (20) 4/5 (80) 4/6 (67) 6/7(86) 3/5(60) 5/5 (100) 2/2(100) 6/7(86) 32/ 47 (68)
Adipose lipofuscin 0/10(0) 0/5(0) 0/6 (0) 0/7(0) 0/5(0) 0/5(0) 1/2(50) 0/7(0) 1/47 (2)
Gill
Ich 0/10(0) 0/10(0) 0/10(0) 1/10 (10) 0/11(0) 0/10(0) 0/10(0) 0/10(0) 1/81(1)
Glochidia | 0/10 (0) 0/10(0) 0/10(0) 1/10 (10) 0/11 (00) 2/10 (20) 0/10(0) 1/10 (10) 3/81 (4)
Miricidia | 0/ 10 (0) 0/10(0) 0/10 (10) 0/10(0) 0/11(0) 0/10(0) 0/10(0) 0/10(0) 0/81(0)
Metacercaria | 0/ 10 (0) 0/10(0) 2 /10 (20) 1/10 (10) 3/11 (27) 10/ 10 (100) 6 /10 (60) 6 /10 (60) 28 /81 (35)
Invasive C. shasta | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/11(0) 0/10(0) 0/10(0) 1/10(10) 1/81 (1)
Multif. Hyperplasia | 1/10(10) | 2/10(20) | 4/10 (40) 2710 (20) 1/11(9) 9/10 (90) 7110 (70) 4/10 (40) 30/ 81 (37)
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APPENDIX II - Validation and Sensitivity of Parvicapsula minibicornis Quantitative
Polymerase Chain Reaction (QPCR) assay

The two QPCR assays that are employed for myxoissmg in the Klamath River Fish Health
Monitoring program are fully described in the follmg publications:

Hallett SL and JL Bartholomew. 2006. Applicatioireal-time PCR assay to detect and quantify
the myxozoan parasitéeratomyxa shasta in water samples. Diseases of Aquatic Organisms
71:109-118.

True K., M.K. Purcell and J.S. Foott. 2009. Deyehent and validation of a quantitative PCR to
detectParvicapsula minibicornis and comparison to histologically ranked juvenil@r@ok salmon
(Oncorhynchus tshawytscha) from the Klamath River, USA. Journal of Fish €ase 32:183-192.

There is an important difference between appanevgtence, as determined by any diagnostic test,
and true prevalence of disease in an aquatic ampoyallation. True prevalence can never really be
known for a population, unless all animals in tlepylation are tested, and the testing method is
100% accurate. Because tests are never 100% #xdtira important to fully validate diagnostic
tests, and use the knowledge about how a speegfi@erforms to interpret the test results
appropriately for the study objectives.

For theParvicapsula minibicornis (Pm) assay, dynamic range and reliable endpoint defssay
sensitivity. To assess these parameters, QPCRsassag performed using serial dilutions of Pm
plasmid DNA, with known copy number, and DNA extetfrom naturally infected kidney tissue
(confirmed clinical infection by histology). Theligble endpoint was determined by examining the
standard deviation of the CT values of 4 replice¢dis. Standard deviations above 0.30 were used
to identify DNA concentrations in which replicates longer conformed to assay precision as
recommended by Applied Biosystems, Inc., Guidegdd?ming Relative Quantification of Gene
Expression (www.appliedbiosystems.com).

It should be noted that when the assay threshaitboms to the statistically valid standard
deviation 0f<0.30, a small proportion of test samples that éontary low copy numbers of

parasite DNA may be excluded from the positive ggstip and prevalence data set (false negative
or Type Il error). Conversely, if larger standdeliation values are chosen to establish the assay
positive threshold, a small proportion of falseifwee samples would be included in the prevalence
data set (Type | error). For the Klamath monitgnmmogram, we have followed the instrument
manufacturer's recommendation regarding assayhbléso preclude the inclusion of false-
positive test results. We believe the small praporof fish, with extremely low parasite DNA
levels, are not biologically significant in termisdisease risk, or in reporting the overall prenake

of infection for this parasite. THgm QPCR assay positive threshold precludes falsdipesest
results from the apparent prevalence data andftiveris conservative in estimating the true
prevalence of disease in this aquatic animal pojonla
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APPENDIX Ill —Water Data Report for Iron Gate Dam Discharges in P10
Statistical daily mean averages are given for y2886-2010.

ZUSGS

science for a changing world

Water-Data Report 2010
11516530 Klamath River below Iron Gate Dam, CA

Klamath River Basin

LOCATION.--Lat 41°55'41", long 122°26'35" referenced to North American Datum of 1927, in SE /% NE % sec.17, T.47 N., R.5 W., Siskiyou County, CA,
Hydrologic Unit 18010206, Mt. Diablo Meridian, on left bank, 0.1 mi downstream from Bogus Creek, 0.5 mi downstream from Iron Gate Dam, and 6 mi
northeast of Hornbrook.

DRAINAGE AREA --4,630 mi2, approximately (not including Lost River, Butte Creek, or Lower Klamath Lake Basins).
SURFACE-WATER RECORDS

PERIOD OF RECORD.--October 1960 to current year.
PRECIPITATION: Water years 1999-2001
CHEMICAL DATA: Water years 1962-81, 2002-04 (seasonal records only).
DISSOLVED OXYGEN: Water years 1999-2001, 2002-03 (seasonal records only).
pH: Water years 1999-2001, 2002-03 (seasonal records only).
SPECIFIC CONDUCTANCE: Water years 1999-2001, 2002-03 (seasonal records only).
AIR TEMPERATURE: Water years 1999-2001.
WATER TEMPERATURE: Water years 1962-80, 1999-2001, 2002-03 (seasonal records only).

GAGE.--Water-stage recorder. Datum of gage is 2,162.44 ft above NGVD of 1929 (levels by PacifiCorp, formerly Pacific Power and Light Co.).

REMARKS.--Records good. Flow regulated by Upper Klamath Lake, capacity, 523,700 acre-ft; Iron Gate Reservoir (station 11516510), other smaller
reservoirs and diversions upstream from station. Records collected in connection with Federal Energy Regulatory Commission (FERC) project no. 2083.
See schematic diagram of Klamath River and Trinity River Basins available from the California Water Science Center.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 29,400 ft3/s, Dec. 22, 1964, gage height, 13.63 ft, from rating curve extended above
15,000 ft3/s on basis of slope-area measurement of peak flow; minimum daily, 389 ft%/s, Aug. 25-28, 1992.

U.S. Department of the Interior
U.S. Geological Survey
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Water-Data Report 2010
11516530 Klamath River below Iron Gate Dam, CA—Continued

DISCHARGE, CUBIC FEET PER SECOND

WATER YEAR OCTOBER 2009 TO SEPTEMBER 2010

DAILY MEAN VALUES
Day Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 1.290 1.290 1.320 1.330 1.310 1.740 1.340 1.330 1.090 945 906 1.030

2 1,290 1.300 1.320 1.320 1.320 1.730 1.340 1.510 1.050 843 905 1.030

3 1.290 1.300 1.320 1.340 1.320 1.610 1.340 1,370 1.050 818 905 1.030

4 1.300 1.300 1.320 1.330 1.320 1.490 1.340 1.290 1.060 817 904 1.030

5 1.290 1.300 1.320 1.330 1.320 1.470 1.340 1.200 1.060 814 906 1.030

6 1.290 1.300 1.320 1.320 1.320 1.470 1.340 1.210 1.060 814 906 1.030

7 1.290 1.300 1.320 1.320 1.320 1.470 1.340 1.210 1.060 813 905 1.030

8 1.300 1.300 1.320 1.320 1,320 1.470 1.340 1.210 1.060 811 905 1.030

9 1.290 1.300 1.320 1.320 1.370 1.470 1.340 1.210 1.060 816 906 1.030

i 1.290 1.300 1.320 1.320 1.330 1.470 1.340 1.220 1.060 817 907 1.030

n 1.300 1.300 1.330 1.320 1.330 1.470 1.340 1.210 1.060 816 905 1.030

12 1.300 1.300 1.320 1,320 1.330 1.470 1.340 1,210 1.050 815 904 1.020

13 1.300 1.300 1.310 1.330 1.330 1.470 1.340 1.190 1.040 814 905 1.020

14 1.290 1.300 1.310 1.320 1.330 1.470 1.340 1.200 1.040 815 907 1.030

15 1.290 1.300 1.310 1.320 1.330 1.470 1.340 1.200 1.040 816 916 1.030

16 1.290 1.310 1.320 1.320 1.330 1.470 1.340 1.200 1.050 816 1.020 1.020

17 1.290 1.330 1.320 1.320 1.330 1.470 1.330 1.200 1.040 816 1.020 1.020

18 1.290 1.330 1.320 1.320 1.330 1.470 1.330 1.200 1.040 815 1.020 1.020

19 1.290 1.330 1.320 1.320 1.330 1.420 1.330 1.200 1.040 817 1.020 1.020

20 1,300 1,330 1,320 1,320 1,330 1,330 1,340 1,200 1,040 818 1,020 1,020

21 1.290 1.330 1.320 1.320 1.330 1.300 1.340 1.200 1.040 817 1.020 1.030

22 1.290 1.330 1.320 1.320 1.330 1.300 1.340 1.200 1.040 818 1.020 1.030

23 1.300 1.330 1.320 1.320 1.330 1.300 1.340 1.200 1.040 818 1.030 1.030

24 1.300 1.320 1.320 1.320 1.330 1.300 1.340 1.200 1.040 819 1.020 1.030

25 1.300 1.330 1.310 1.320 1.330 1.300 1.340 1.200 1.050 822 1.020 1.030

26 1.300 1.330 1.320 1.330 1.330 1.300 1.340 1.210 1.050 822 1.300 1.030

2] 1.310 1,320 1.320 1.330 1.330 1.300 1.390 1.210 1.050 822 1.410 1.030

28 1.310 1.320 1.320 1.310 1.390 1.310 1.370 1.200 1.050 823 1.400 1.030

29 1.310 1.320 1.320 1.310 - 1.310 1.360 1.200 1.050 830 1.290 1.030

30 1.300 1.320 1.320 1.310 - 1.310 1.350 1.200 1.050 832 1.170 1.030

31 1.310 - 1.320 1.310 - 1.310 - 1.200 - 844 1.080 -
Total 40.180 39370  40.890  40.960  37.250 44240 40.280 37.990 31.510 25533 31.452 30.830
Mean 1.296 1,312 1.319 1.321 1.330 1.427 1.343 1,225 1.050 824 1.015 1.028
viax 1.310 1.330 1.330 1.340 1.390 1.740 1.390 1.510 1.090 945 1.410 1.030
Min 1.290 1.290 1.310 1.310 1.310 1.300 1.330 1.190 1.040 811 904 1.020
Ac-ft 79.700  78.090  81.110  81.240 73.890 87.750  79.900 75350 62,500 50.640 62390 61.150

STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1961 - 2010, BY WATER YEAR (WY)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Mean 1.563 1.935 2471 2.801 2.907 3.388 2.920 2,151 1,222 825 978 1.245
Max 3.353 5.254 6.735 9.553 9.150  10.780 6.922 5.559 3.289 1.429 1.208 2.052
(WY) (1985)  (1985)  (1984)  (1997)  (1965)  (1972)  (1971)  (1998)  (1998)  (1982)  (1965)  (1965)
Min 852 873 889 888 525 511 572 512 506 428 398 538
(WY) (1982)  (1992)  (1992)  (1992)  (1992)  (1992)  (1994)  (1992)  (1992)  (1992)  (1992)  (1992)
—2—
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11516530 Klamath River below Iron Gate Dam, CA—Continued

Water-Data Report 2010

SUMMARY STATISTICS
Calendar Year 2009 Water Year 2010 Water Years 1961 - 2010

Annual total 485.447 440.485

Annual mean 1.330 1,207 2.029

Highest annual mean 3.657 1965
Lowest annual mean 641 1992
Highest daily mean 1.780 Mar 5 1.740 Mar 1 25.000 Dec 22. 1964
Lowest daily mean 988 Sep 21 811 Jul 8 389 Aug 25. 1992
Annual seven-day minimum 990 Sep 17 814 Jul 5 390 Aug 24, 1992
Maximum peak flow 1.760 Mar 1 29.400 Dec 22. 1964
Maximum peak stage 339 Mar 1 13.63 Dec 22. 1964
Annual runoff (ac-ft) 962.900 873.700 1.470.000

10 percent exceeds 1.610 1.340 3.860

50 percent exceeds 1.320 1.300 1.360

90 percent exceeds 995 905 741

10,000 T

5,000

2,000

1,000
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500} .
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APPENDIX IV — Summary Table of Ceratomyxa shasta and Parvicapsula minibicornis bi-weekly prevalence of infection (POI) and
prevalence by Sample Reach

River / Reach Name

Reach

Sample

Weekly

Total C. shasta + Cs POI P. minibicornis+ Pm POI
Code Week Start Date Sampled
KLAMATH RIVER K5 9 7-Jun 17 0 0% 0 0%
IGD to Shasta
11 14-Jun 19 0 0% 3 16%
13 28-Jun 20 0 0% 12 60%
K5 Total 56 0 0% 15 27%
Shasta to Scott K4 1 5-Apr 20 0 0% 0 0%
3 19-Apr 20 0 0% 1 5%
5 3-May 20 0 0% 9 45%
7 17-May 20 0 0% 13 65%
8 24-May 31 8 26% 31 100%
9 31-May 52 8 15% 24 46%
10 7-Jun 46 3 7% 23 50%
11 14-Jun 30 7 23% 26 87%
12 21-Jun 30 0 0% 3 10%
13 28-Jun 22 9 41% 20 91%
K4 Total 291 35 12% 150 52%
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River / Reach Name Reach Sample Weekly Total C. shasta + Cs POI P. minibicornis+ Pm POI
Code Week Start Date Sampled

KLAMATH RIVER K3 5 3-May 20 2 10% 7 35%

Scott to Salmon
7 17-May 20 2 10% 7 35%
8 24-May 19 2 11% 11 57.9%
9 31-May 20 8 40% 18 90%
10 7-Jun 20 10 50% 18 90%
11 14-Jun 20 6 30% 20 100%
12 21-Jun 21 6 29% 20 95.2%
13 28-Jun 51 22 43% 47 92.2%
14 5-Jul 20 6 30% 20 100%
15 12-Jul 22 1 5% 22 100%
16 19-Jul 23 5 22% 23 100%

Salmon River RST 18 2-Aug 40 0 0% 0 0%

(These tributary Chinook were ng

included in reach POl summary)

K3 Total 256 70 27% 213 83%

Salmon to Trinity K2 5 3-May 20 1 5% 1 5%
7 17-May 20 0 0% 9 45%
8 24-May 30 0 0% 8 27%
10 7-Jun 30 4 13% 18 60%
12 21-Jun 31 0 0% 28 90%
14 5-Jul 30 6 20% 29 97%
15 12-Jul 19 9 47% 17 89%
16 26-Jul 31 3 10% 23 74%
18 2-Aug 31 5 16% 29 94%
20 16-Aug 30 4 13% 29 97%

K2 Total 272 32 12% 191 70%
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River / Reach Name Reach Sample Weekly Total C. shasta + Cs POI P. minibicornis+ Pm POI
Code Week Start Date Sampled

KLAMATH RIVER K1l 5 3-May 20 1 5% 5 25%

Trinity to Estuary
7 17-May 20 0 0% 1 5%
8 24-May 30 3 10% 18 60%
10 7-Jun 30 5 17% 24 80%
12 21-Jun 30 3 10% 29 97%
13 28-Jun 22 6 27% 20 91%
14 5-Jul 8 3 38% 8 100%
15 12-Jul 7 6 86% 7 100%
16 19-Jul 3 2 67% 3 100%
17 26-Jul 29 12 41% 24 83%
19 9-Aug 23 11 48% 21 91%
20 16-Aug 8 6 75% 7 88%

K1 Total 230 58 25% 167 73%

Klamath River Estuary | KO 12 21-Jun 10 1 10% 7 70%
13 28-Jun 30 10 33% 25 83%
14 5-Jul 30 15 50% 26 87%
15 12-Jul 27 13 48% 25 93%
16 19-Jul 30 5 17% 28 93%
17 26-Jul 30 3 10% 21 70%
18 2-Aug 30 2 7% 29 97%
19 9-Aug 14 3 21% 13 93%

KO Total 201 52 26% 174 87%
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River / Reach Name Reach Sample Weekly Total C. shasta + Cs POI P. minibicornis+ Pm POI
Code Week Start Date Sampled
TRINITY RIVER T2 6 10-May 28 0 0% 1 4%
Pear Tree RST
8 24-May 20 1 5% 2 10%
10 7-Jun 30 1 3% 0 0%
12 21-Jun 30 0 0% 1 3%
15 12-Jul 30 0 0% 1 3%
17 26-Jul 30 0 0% 0 0%
T2 Total 168 2 1% 5 3%
Willow Creek RST T1 10 7-Jun 19 0 0% 1 5%
12 21-Jun 29 0 0% 0 0%
15 12-Jul 60 0 0% 0 0%
17 26-Jul 31 0 0% 0 0%
T2 Total 139 0 0% 1 1%
Cs and Pm 10l - All Reaches, All Weeks 1653 249 15% 773 47%
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APPENDIX V - Reviewers’ comments

Listed below are verbatim (in quotes) or paraprdasenments provided by reviewers of a draft
of this report. The primary author’s reply is givenless noted otherwise (additional authors
name and responses are provided for specific sectibthis report).

Reviewer #1

Pg 2 - Summary Reviewer requested clarification on 3 statemantee summary that discuss
the lowest prevalence @f. shasta observed in the monitoring study conducted frof9522010.
Response: The following edits were done:

Annual metric was defined for the first instanceCoghasta prevalence data given. The second
reference to lovC. shasta prevalence discussed this trend in all Chinookisal groups sampled
(natural, IGH CWT, and TRH CWT Chinook salmon). eTdverall trend of lower

C. shasta prevalence of infection, for all study years af thonitoring program, is meant to be a
concluding statement at the end of the summarygpaph for overall results.

Pg 3 — Introduction: In reference to the opening sentence which réddsenile Klamath River
Chinook salmon@ncor hynchus tshawytscha) often experience high prevalence and severity of
infection with the myxosporean parasi@s atomyxa shasta andParvicapsula minibicornis.” ,
reviewer commented, “How high, what is the range?”

Response: The following sentence was added.

The annual metric fo€. shasta prevalence of infection by QPCR in study years&2R010 has
ranged from 19-45% (Table 4) and

P. minibicornis prevalence has ranged from 66-91% (data not slowable 4).

Pg 3— Reviewer requested clarification on the naminefmetric of parasite “DNA copy
number”.

Response: “DNA copy number” is the name of the imetind refers to the quantity of parasite
DNA present in target tissues. The previous tesedun prior reports was Cycle Threshold)(C
but this unit is inversely related to parasite Dbl#py number in fish tissues (highef Galues
mean less DNA, whereas lowet @alues represent higher levels of parasite DNR)e G term
does not provide a direct, or meaningful measu@aodsite DNA levels in fish tissue and is
confusing for the average reader.

Pg 7 Figure 2 Reviewer requested larger type and axis labelthfe figure, and suggested

using full parasite names versus abbreviationsa(@sPm).

Response: The graph is exported from the QPCRumstnt and editing ability is limited. The
graph was moved to a new page and enlarged. Tinanyrpoint of the graph was to

demonstrate that we use 6 plasmid dilutions tordetes the standard curve of the assay and that
both QPCR assays have similar standard curveshanefore direct comparisons of parasite
guantities can be made betwed&rshasta andP. minibicornis test results for Chinook salmon.

The methods section notes that a further techdisalission of assay sensitivity and threshold
values for the QPCR assays are given in Appendix Il

Pg 8— Reviewer comment follows regarding the statepiétistological rankings of ‘clinical
disease’ included a pathology score: a numericxmdelisease severity for kidney and intestine.
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Pathology score is based on the degree of spéisdiae abnormalities and parasite distribution
(0 = normal, 1= focal, 2 = multi-focal, and 3 =fdge distribution) listed in Table 2.

“In my discussions with Scott on a separate mesu&isdy, | brought up the possibility of
indexing disease in a manner similar to this oBeott was concerned with indexing disease, if |
remember correctly, because fish would likely hanagst or all of the abnormalities/parasites, so
we would have only been comparing groups 2 anth8esve’'d see few group 0 or 1 fish. Do
you feel you have a sufficiently broad range ofresdo overcome this concern and make this
analysis work?”

Response (Scott Foott): | believe he is discusaismgle rating system (i.e., individual fish is
deemed diseased in a ordered manner based onlmolig@an evaluations). The kidney and
intestine pathology index is a single organ metridescribe abnormalities in that organ by an
ordered (progressive scoring) method.

Pg 8— Reviewer comment follows regarding the statepi@nkidney pathology score was
calculated by summing the score of each kidnepte@nterstitial hyperplasia, necrotic
interstitium or tubule, interstitial granuloma, gierulonephritis, and protein casts within the
glomeruli or tubules). The mean kidney pathologyre was reported for each collection group
to demonstrate severity of disease.”

“Does a mean really make sense here, since yoaristdt continuous but it isn’t truly

categorical either. For example, if you can apiyean, what about a standard deviation? This
could be helpful to understand the diversity ofregoup’s pathology. However, in this

situation standard deviation may not make mucheseRerhaps a mean doesn’t make sense
either? Is this a standard technique, or did yexebtbp it. If standard, who developed it?”
Response (Scott Foott): One can argue that thdiamean be used to report central tendency in
a categorical scoring system (Scott Foott develdpedcoring system).

Pg 8— Reviewer comment regarding mean pathology Sodiee statement above, “ So...you
have 5 scores for kidney, three for intestine, sirdor gills. When you sum them for each fish,
then average them, they won't be weighted the samdehus won’t be comparable to each other.
Should they be comparable?”

Response (Scott Foott): tissue specific, see atesmonses.

Pg 8— Table 2. Parasite abbreviations and tissue amadires listed in the histological results
table. Reviewer comment regarding the table titteyould help the reader to understand how
the path score is calculated if you put some num{B?) next to where you're actually scoring
them.”

Response (Scott Foott): | believe the methodsaedescription is sufficient.

Pg 16— Figure 7. Reviewer comment regarding term ‘belg prevalence’ in the chart caption,
“You seem to use “prevalence” and “prevalence” &) interchangeably. My understanding:
prevalence is total number of disease cases, @vadlpnce is frequency of occurrence. | suggest
deciding which one you're talking about here, amehtbe consistent throughout the document.
Response: Definitions used for prevalence of indecand period prevalence were added to the
methods section for clarification. While annuayalence of infection is an appropriate term for
the overall annual infection rate, this term wasaged from the report due to confusion caused
by the use of both terms. The report was reviefwedonsistency of terms and corrected where
appropriate.
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Pg 25 & 26— Figures 16 and 17. Reviewer asked, “What'glifference between the path score
in this figure [Figure 17] and the path score igu¥e 177?”

Response: Figure 16 @& shasta pathology score for intestinal tissue, and FigLifesP.
minibicornis pathology score for kidney tissue.

Pg 34— Reviewer comment follows regarding the stateri®iée can speculate that this
additional flow event may have diluted the infea8actinospore concentrations in the water
column in 2010, thereby reducing infectivity.

“Unfortunately, data has been collected for sevesry, and we’re still speculating. | encourage
the authors to consider methods of quantifying dgohg) mechanisms of disease severity, i.e.
build a quantitative, predictive model. It is eagyist the big factors: susceptibility, exposure,
temperature, migration pattern. It is harder tdarstand and predict how they affect disease
processes.

| realize a large modeling effort is outside theps of this document, but an attempt to quantify
the drivers and interactions of disease factors wellbe the next step in determining how to
reduce disease in the Klamath River. As the egperuld a paragraph in your discussion
section on “next steps” or “future research” berappate? | would be curious to read your
opinions on how to use the large amount of qualitia you’ve collected to improve the disease
situation for these fish.”

Response: The statement is speculative only ahmhtemded to be interpreted as a strong
hypothesis to explain low&s. shasta infectivity in 2010. An alternate statement foli®
regarding flow as a possible factor in promotingidguvenile migration and thereby reducing
parasite exposure dose. Cooler and sustainedg3enmperatures are given as the primary
hyphothesis for decreas€dshasta infection levels in the discussion section.

In response to the reviewer’s larger question diggr‘quantifying underlying mechanisms of
disease severity”, the author believes this taskiiside of the scope and stated objectives of the
juvenile fish health monitoring program. To ‘quiéynthe drivers and interactions of disease
factors’ would require a synthesis report fromgatups collecting and analyzing data including
the following disease factors: flow- temperaturgediment, salmon abundance — size-
movement, actinospore concentration, polychaeteapgrce of infection, adult return —
myxospore prevalence of infection — range of inpat winter DNA levels above the infectious
zone. A large multi-agency effort is underwayyatbesize all existing data from the Klamath
basin, primarily to assess the potential changbBsease impacts under a proposed ‘dams out’
scenario. The California-Nevada Fish Health Cehéerassisted with that effort by providing
data from the fish health monitoring studies coneddrom 2004-2010.

Pg 35— Reviewer comment follows regarding the paragréRtver temperatures and flows are
both important considerations in assessing diseasacts on juvenile Chinook salmon in a
given study year. Water temperature affects polgtshdevelopment, sexual maturation and
production of infectious actinospores in infecteatmr populations. In the fish host, temperature
plays a key role in immune function and energy matiam (Wedemyer 1996, Jobling 1995).
Immune function is particularly important in resiste to parasite invasion and/or containment
(Bartholomew 1998), and more generally in termparfsite proliferation and disease
progression (Ibarra 1992b, Foott et al. 2004, DQEL). River flows below Iron Gate Dam were
not substantially different in 2010 compared tovppas study years. Mean monthly discharges
were relatively static (May = 1225cfs, June =1058Guid July = 825cfs) therefore temperature
appears to be the more important environmentabfastsociated with disease prevalence in
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2010. This is not to say that river flows are wety important to broader environmental
conditions that support juvenile Chinook salmorvawl at the population level.”

“You seem to indicate it's either discharge or temapure, but other factors could be at play.
The evidence is that discharge was similar to previyears but temperature was different.
However, other unmeasured factors could also haea Hifferent. So discharge did not appear
to be a factor in 2010, but temperato@y have been. Again, a quantitative model would help
here.”

Response: Other factors associated with diseas&cisiwere acknowledged in the discussion.
Temperature is the strongest hypothesis basedegorélvalence of infection data for 2010 (i.e.,
low levels ofC. shasta in natural fish, delayed infection and lower magde of infection in
hatchery Chinook salmon sampled in lower reaclosg(. shasta prevalence of infection in
CWT Chinook salmon). Temperature is also belieedoe a strongest single factor because it
plays an important role in both hosts in the p&esslife cycle: the biology of the invertebrate
host,Manayunkia speciosa and response in the vertebrate Chinook salmon host

See comments above regarding what would be reqtarddvelop a quantitative model of
disease factors.

Additional reviewer comments regarding spellingpesr unnecessary page break, and
consistency in section formatting. Reviewer agked all time series graphs include an x axis
label.

Response: All spelling and formatting inconsisteaavere corrected. The x axis for all bi-
weekly graphs include the sample date and the ab#i®ves these axis units are self-
explanatory. The caption accompanying each figise describes the information as bi-weekly
data.

Reviewer#2

Pg 3— Reviewer comment: “ Does natural mean unmahkegchery or wild?”

Response: Natural Chinook salmon are those teataptured prior to hatchery releases.
Sentence was changed to clarify this point, “Sangpéffort in 2009 and this year focused on
capturing fish of known origimgtural Chinook salmon collected before hatchery releases and
hatchery CWT Chinook salmon).

Pg 4— Sample Sites, Reviewer asked that RM be defilsshtence was changed to define River
Mile, “Fish were collected in the Klamath Riveriindoelow Iron Gate Dam (Klamath River

Mile [RM] 190) to the Klamath River Estuary and e Trinity River between Lewiston Dam
(Trinity RM 111) and the Trinity River confluencattvthe Klamath River (Klamath RM 43).”

Pg 15— Figure 7, Reviewer comment: “The last two dai@{s on Figure 7 are overlapping.”.
Response: Figure 7 was modified by moving the @di@ls to make them more visible and
2009 data points were changed to a gray scale twltifferentiate 200€. shasta prevalence of
infection from 2010 data.

Pg 19— Figure 11, Reviewer comment: “Prevalence ofatiéa or incidence of infection?.

Response: Caption for Figure 11 was correcteddd Bi-weeklyprevalence of infection for
Ceratomyxa shasta and Parvicapsula......".

58



Pg 29 Figure 20, Reviewer comment regarding sentertidewever, the highest me#&h shasta
DNA copy number of 12, 000 is relatively low (Figu20).”. Asked “Relative to what? Other
years?”

Response: Relative to infectious load (DNA copy banpobserved in clinically moribund
Chinook salmon with ceratomyxosis. Sentence chitgeead, “However, the highest mean
shasta DNA copy number of 12,000 is relatively low (Figu20)compared to levels obtained
frommoribund fish: ¢t 25, which correlates to ~96,000 C. shasta DNA copy number (True et al.
2011).

Pg 32— Reviewer comment to the sentence, “Predictionsiyxozoan disease impacts on
Klamath River Chinook salmon populations are limhiby the nature of monitoring studies. The
limitations are primarily due to difficulty in sang out disease effects from broader
environmental factors in a migratory Chinook salnpopulation.”, suggested a list of these
factors even though they are discussed below.

Response: The factors are discussed below inldesting them twice may be redundant.

Pg 32— Reviewer asked in regard to the following secg¢eriTributary Chinook salmon,
including a large hatchery component from the TyiRiver, have negligibl€. shasta
infections.”,” Aside from Trinity River hatcherydin, how are the origins of these ‘tributary
Chinook salmon’ determined and how are they disiistged from non-tributary Chinook
salmon?”

Response: The sentence was modified to clarifygreatious monitoring of tributary Chinook
salmon showed negligible. shasta infections in fish that do not rear in the maiarst The
sentence was modified to read?a%t monitoring of tributary Chinook salmon, including a large
hatchery component form Trinity River which has been monitored in this study since 2006, has
shown negligible C. shasta infectionsin fish that do not rear in the Klamath main stem.”

Pg 32— Reviewer commented on the sentence, “For myxo#fieh diseases, the primary factors
for the fish host include: species and individusi fsusceptibility (Zinn 1977, Buchanan 1983,
Ibarra et al. 1992, Bartholomew 1998), parasiteneupe dose (frequency and duration) (Ratliff
1981, Bjork & Bartholomew 2009b, True et al. 201d)d water temperature (Udey et al. 1975,
Bartholow 2005). Reviewer asked, “What about pseagenotype?”

Response: Identifying parasite genotypes is ntitiwihe scope of the juvenile fish health
monitoring study. We do not sample coho or steslfrainbow trout and the predominant
genotype in the reaches below IGD is reported tspaeific to Chinook salmon (genotype I).
Our objectives are to monitor disease (regardléggmotype) and assess inter-annual variation
of C. shasta andP. minibicornis disease prevalence in Chinook salmon.

Additional reviewer comments regarding spellingoesy and graph formatting.
Response: All spelling and formatting inconsistesavere corrected.

Reviewer#3
No comments were received from tH&r@quested reviewer.
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