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SUMMARY

Juvenile Klamath River ChinookOficorhynchusshawytschapexperience high incidence of
infection with the myxosporean parasi@sratomyxa shastandParvicapsula minibicornisluring
the spring and summer outmigration period. Klankither Chinook were assayed by quantitative
real-time polymerase chain reaction (QPCR) or logipto determine parasite infection rates from
April to August, 2009. The incidence Gf shastan Chinook salmon above the Trinity River
confluence was 43% by QPCR and 54% by histologyhtbhest level observed by histology
during Klamath River parasite monitoring studieadwcted from 2005 to 2009Che incidence of

P. minibicornisin Chinook salmon above the Trinity River conflaerfor the same period was 82%
by QPCR and 85% by histology, which is similartie highest levels observed in 2007 (81%) and
2008 (89%). The QPCR assay results from natuchaarked Iron Gate Hatchery (IGH) and
Trinity River Hatchery (TRH) Chinook salmon suggtsit Klamath River reaches above the
Trinity River confluence were more infectious for shasteearlier in the sampling period this year,
and particularly for natural fish. Additionally 2009, the Trinity to Estuary reach had higher

C. shastancidence of infection, compared to previous styegrs. In coded-wire tagged (CWT)
IGH Chinook salmon screened by QPR shastavas detected in 36% of fish examined. The
highestC. shastgrevalence of infection occurred in the IGH-CWTir@ok residing 3 Weeks at
Liberty (WAL) upon recapture post hatchery reledsge incidence o€. shastanfection in

marked TRH Chinook salmon sampled in the KlamatleRwas 13%, higher than the 10% average
incidence historically observed in Chinook salmampled within the Trinity River, or in the
Klamath River below the Trinity River confluence.

The correct citation for this report is:

K. True, J.S. Foott, A. Bolick, S. Benson and Rgéty. 2010. FY 2009 Investigational Report:
Myxosporean Parasit€gratomyxa shastandParvicapsula minibicornisincidence and Severity
in Klamath River Basin Juvenile Chinook Salmon, ikpuugust 2009. U.S. Fish & Wildlife
Service California — Nevada Fish Health Center, &adn, CA.
http://www.fws.gov/canvfhc/reports.asp

Notice

The mention of trade names or commercial productsis report does not constitute endorsement
or recommendation for use by the Federal governmehe findings and conclusions in this report
are those of the authors and do not necessaritgsept the views of the US Fish and Wildlife
Service.



INTRODUCTION

Juvenile Klamath River Chinookoficorhynchus tshawytschexperience high incidence and
severity of infection with the myxosporean parasiieratomyxa shastandParvicapsula
minibicornis Both parasites have a similar distribution arelfaund throughout the Klamath
River system including the lower reaches of thelifiison and Sprague Rivers, Agency Lake,
Klamath Lake, Copco Reservoir, and the entire Lolamath River from Iron Gate Dam to the
estuary (Hendrickson et al. 1989; Stocking et @& Bartholomew et al. 2007; Stocking and
Bartholomew 2007). Both parasites share the veatel§salmonid) and invertebratdgnayunkia
speciosahosts and have overlapping distributions throughioe Pacific Northwest (Ching and
Munday 1984; Hoffmaster et al. 1988; Bartholomewlel989; Hendrickson et al. 1989;
Bartholomew et al. 1997; Kent et al. 1997; Joned.€2004; Bartholomew et al. 2006, Stocking et
al. 2006). In previous studies, native KlamatheRisalmonids have demonstrated various degrees
of C. shastaesistance (Foott et al. 1999, Foott et al. 26@bitt et al. 2007, Stone et al. 2008).
Regardless of this resistance, Foott et al. (2004®rved that 100% of Klamath River Chinook
salmon became infected and over 80% died withinf@lfowing a 3d exposure in the Klamath
River. A prognosis study conducted in 2008 exanhihaly levels of parasite level€ (shastaand

P minibicornisDNA copy number) and cumulative mortality in Ir@ate coho and Trinity
Hatchery Chinook juveniles, following 72 hour rivetposure above Beaver Creek. In this study,
C. shastanfections resulted in a 17.3 mean day to deatb@Yland 87.1% cumulative percent
mortality (CPM) in Chinook and 20.6 MDD and 98.5%& in coho juveniles (True, unpublished
data). The observed high incidence of infectioresistant indigenous fish indicates an extremely
high parasite challenge (Foott et al. 2004). Dofgctions with both parasites are common and
may have a synergistic effect which increasesatiality of infection (Nichols and True 2007).
However, the contribution of each myxozoan parasierds clinical disease in infected Chinook
is difficult to evaluate. In sentinel studies, dhd monitoring program, fish succumb to clinical
Ceratomyxosis before an independent assessmasswé ttchanges and parasite DNA levels
attributable tdP. minibicorniscan be fully determined.

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 pard3MA 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 incidence by histology heen expanded to include a pathology score
for both kidney and intestine tissues. The patipkcore does not affect the overall incidence of
infection reported for histological assessments plbovides a numeric index of the disease state in
sample groups.

Additional diagnostic examinations were also perfed in 2009 with the primary purpose of
documenting bacterial and external parasite irdestin moribund juvenile salmon. In particular,
we were interested in the occurrencéobithyophthirius multifiliis(lch) andFlavobacterium
columnare(columnaris) infections in juvenile salmon. Thése pathogens are associated with
disease in returning adult salmon (Belchik et.G12 McCovey and Strange 2008). Given the
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elevated water temperatures of the lower riverrdpdiuly and August, both juveniles and adult
salmon tend to congregate in thermal refugia (Bdotli 2005, Belchik et.al 2004, Foott et al.
2001). Itis possible that juvenile Chinook coaltt as reservoirs of infection for the early retogn
adults.

The objectives of this study were: 1) examine tagggen incidence in Iron Gate Hatchery (IGH)
and Trinity River Hatchery (TRH) Chinook prior tadipost release; 2) examine the parasite
incidence in the juvenile Chinook salmon populatiathin the river throughout the spring out-
migration period; 3) compare parasite incidenc2df9 to previous years; and 4) examine the
diagnostic incidence of other significant pathogensoribund Chinook in select reaches.

METHODS

Sample Sites
Fish were collected in the Klamath River from beloan Gate Dam ( Klamath RM 190) to the

Klamath River Estuary and on the Trinity River beém Lewiston Dam (Trinity RM 111) and the
Trinity River confluence with the Klamath River @hath RM 43.5). Klamath and Trinity Rivers
were divided into sample reaches at major tribatanvith study cooperators collecting fish in each
reach (Table 1). When possible, existing salmdominstream migrant trapping sites were utilized
for collection, but seining was required to achidwe desired sample size in some weeks.
Collection sites were preferably located in thedowortion of each reach, but when abundance
was low fish from anywhere within a reach were atee.

Scott River

Figure 1. Klamath River water shed, major tributaries, and samplereaches. Iron gate dam to Shasta River (K5),
Shasta River to Scott River (K4), Scott River to Salmon River (K3), Salmon River to Trinity River confluence
(K2), Trinity River to Estuary (K1), Klamath River Estuary (K0). (map courtesy of Arcata FWO)



Table 1. Samplereach locations (reach code), river mile, and cooper ating agencies perfor ming fish collections 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  USFWSkaaik 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 IGH and TRH Chinook salmon - Prioreindp released from the hatchery, 53 Chinook
were sampled from the IGH population on 20 May, 48dish were sampled from TRH population
on 12 May. All fish from each pre-release examoratvere assayed by QPCR for both parasites,
and a subset of 10 fish from each hatchery wersae histologically for tissue abnormalities.

Mixed-origin Chinook — These juvenile Chinook salmmere collected in select reaches of the
Klamath and Trinity Rivers. This sample consisté80 Chinook salmon for the QPCR assay and
10 Chinook salmon for the histology assay. InShasta to Scott (K4) reach and Salmon to Trinity
(K2) reach of the Klamath River, mixed-origin Chakowere collected every other week.

In the upper and lower reaches of the Trinity Riveixed-origin Chinook were collected during the
weeks of 12May and 27 May. Prior to the release of hatchesly,fthese fish were primarily
naturally produced with the possibility of a fewtdtaery origin Chinook salmon used for trap
efficiency calibration in the sample. After IGHeases, which occurred from 19 May — 9 June,
mixed-origin Chinook collected in the Klamath Riveauld have been of either hatchery or natural
origin.

Marked IGH and TRH Chinook salmon — Twenty-fiveqeart of the Chinook salmon released from
IGH on the Klamath River and TRH on the Trinity Biwere marked with an adipose fin clip and
implanted with a coded-wire-tag (CWT). In the Klaim River, any CWT Chinook encountered by
the sample crews were collected for analysis by RP8o CWT Chinook were collected in the
Trinity River; however, significant recapture effoccurred in the Klamath River below the Trinity
River confluence. Heads from any marked IGH or T&®tHnook salmon recovered were assigned
unique identification numbers to track lab assaylts to individual fish. Tags were extracted and
read by the USFWS Arcata Fish and Wildlife Offied=fVO). Chinook salmon release groups at
IGH occurred on 19 May, 21 May, 26 May, 2 June, @ddine. The CWT codes were unique for
each release date, with the exception of the 9 telaase group which included 2 tag codes for a
single release date. Volitional releases occurtddRad from 1 June through 15 June; 8 June was
used as the date of release for all marked TRHdokisalmon. The date each group of CWT
Chinook salmon was released from the hatchery atelaf recapture was used to calculate weeks
at liberty (WAL) for individual fish.



Diagnostic Examinations of Moribund Chinook in ffenity River to Estuary Reach

Evaluations of moribund Chinook in the Trinity Rivte estuary (K1) reach were conducted with
the primary purpose of documenting bacterial artdreal parasite infections in moribund juvenile
salmon. Of particular interest is the occurrenickelathyophthirius multifiliis(lch) and
Flavobacterium columnargolumnaris) infections in juvenile salmon. Montglfish were selected
from beach seine collections at the mouths of PecWeac Tah, Roach, Lower Crow, and Blue
creeks on 18 June, 8 July, and 11 August. Seleotininal and internal clinical signs were recorded
and laboratory samples (lesion imprints, spleerrimig@ kidney inoculums onto Brain Heart
Infusion agar and fixed tissues for histology) weoected from the examined group.

Sample Periods

In each reach, fish were accumulated over a catemelek until the desired sample size was
achieved. Weekly prevalence of infection was dated for a reach by dividing the number of fish
in which a parasite was detected by the totaldstayed for a calendar week. Fish collection
started the week of 21 April in the Shasta to Sgot) reach and 6 May in the Salmon to Trinity
(K2) reach. Collection in each reach continuedluhé target Chinook salmon sample numbers per
week (30 fish) could no longer be captured. Colbecof CWT Chinook salmon began after
hatchery release and collection crews accumulatedaay CWT Chinook salmon as time allowed
each week. Collection of CWT Chinook salmon ireeg reach continued until fewer than 10 fish
could be recovered in 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 intestine (both small and large)earde kidney from each fish were removed and
combined into an individually numbered 2 ml cludtdre. Tissue samples 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 homogevesediluted 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 -208 the QPCR assays were performed.

Samples were assayed in a 7300 Sequence DeteggtsnB(SDS) (Applied Biosystems), using
probes and primers specific to each parasite. coh#inedissues were tested f@r. shastal8S

rDNA using TagMan Fam-Tamra probe and primers @tadind Bartholomew 2006) and tested in
a separate assay fBr minibicornis18S rDNA utilizing TagMan Minor-Grove-Binding (MGB

probe and primers (True et al. 2009). Reactionwas of 3QlL, containing plL DNA template,

were used for both assays under the following dmation conditions: 50°C for 2 min.; 95°C for

10 min; 40 cycles of 95°C for 15s and 60°C for h.nfPlasmid standards, extraction control and no
template control (NTC) wells were included on easbkay plate. Cycle thresholdjalues were
calculated by the SDS software (v 1.3.1, Applied€gstems) and converted to parasite Plasmid
Molecular Equivalent (PME), a measure of specificasite DNA copy number derived from the
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standard curve of each specific assay (Figuré/aJidation studies examining the dynamic range
and endpoint of the assays indicatedrafC38 and minimum change in normalized fluorescent
signal of at least 10,000 units defines a postidgt for theP. minibicornisassay (True et al. 2009).
Previous assay validation studies, using DNA pldstontrols and naturally infected fish tissue,
determined a similar assay threshold for@hehastaassay. It should be noted that these
thresholds are statistically conservative to préelfalse positive test results and therefore diight
underestimated the true infection incidence of lpattasites in this aquatic animal population.
Appendix Il provides a further technical descriptmf how assay thresholds are determined.

Standard Curve
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Figure2. Standard curvesfor C. shasta and P. minibicornis QPCR assays using plasmid standards developed in
2008 with known concentrations of parasite DNA. The amplification efficiency of each assay was calculated using
the for mula E=(10 %% -1) x 100 (Applied Biosystems Guide to Quantitative Gene Expression). Amplification
Efficiency issimilar for both QPCR assaysat 95.7% for C. shasta and 93.4% for P. minibicornis.

Histology Assays

Ten to 20 fish from the bi-weekly beach seine abitas were randomly selected for histology.
Rapidly after euthanization, the peritoneum wasop@n and entire fish placed in Davidson’s
fixative and held for 24-48 hours. The fixative waplaced with 70% ethanol for storage until the
gross examination and histological processing vesfopmed. Each histological cassette contained
kidney, intestine, liver, and 1 to 2 gill flamentsSpecimens were processed fambSparaffin
sections and stained with hematoxylin and eosim{agon 1979). All tissues for each fish were
placed on one slide and identified by a unique remebde. Each slide was examined at 40X to
400X magnification.




Histological rankings of ‘clinical disease’ werepaxded in 2009 to include a pathology score: a
numeric index of disease severity for kidney artdstine. Pathology score is based on the degree of
specific tissue abnormalities and parasite distioiouO = normal, 1= focal, 2 = multi-focal, and=3
diffuse distribution) listed in Table 2. A kidng@wgthology score was calculated by summing the
score of each kidney lesion (interstitial hyperj@asecrotic interstitium or tubule, interstitial
granuloma, glomerulonephritis, and protein casthiwithe glomeruli or tubules). The mean kidney
pathology score was reported for each collecti@augito demonstrate severity of disease.

Similarly for the intestine, the sum of lesion sso(lamina propria hyperplasia, necrotic epithelium

/ sloughing, necrotic muscularis) was used to datewa collection group’s mean intestinal

pathology score.

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

Kidney

P. minibicornis Troph.
P. minibicornisMyxosp.
Metacercarid

C. shastdroph.
Chloromyxum sp

Pathology Score

Parvicapsula minibicornisrophozoite stage
Parvicapsula minibicornisnyxospore stage
Immature trematode stage

Ceratomyxa shastmophozoite stage
Chloromyxum species trophozoite stage

M ean kidney pathology scorefor sample group

[ ntestine

C. shastdroph.
C. shastanyxosp.
Helminth

Pathology Score

Ceratomyxa shast@ophozoite stage
Ceratomyxa shastanyxospore stage
Trematode, nematode, or cestode

M ean intestine pathology scorefor sample group

Gill

Glochid
Metacercarig
InvasiveC. shasta
Amoeba

Multif. Hyperplasia

d arval mussel stage within lamellae
Immature trematode stage

Single cell trophozoite-like stage

Amoeba associated with lamellae
Multifocal hyperplastic regions on lamellae

Other

Adipose steatit

dnflammation of visceral fat tissue

Adipose lipofusciOxidized lipopigments within adipose cells

LiveZ. shasta

Ceratomyxa shast@ophozoite stage in liver

2004-2009 Comparisons
Histology data from this study was used to comjpgaslence of infection of fish in 2009 to
previous juvenile Klamath River salmonid health manng studies (Nichols and Foott 2006;
Nichols et al. 2007; Nichols and True 2007; Nichetlgl. 2008). The histology data included in the
analysis was limited to the months of May, Jung duly of each year and to mixed-origin Chinook
sampled in the Klamath River above the Trinity Rigenfluence. Limiting the data offered several
advantages:

» Sampling start and end dates varied each yeanblided these months

» This date range brackets the typical peak of juedtiamath River Fall Chinook salmon

outmigration (Leidy and Leidy 1984; Wallace and Ii®gl 1997)




* Infection incidence during the “tails” of the migian (typically lower infection rates in
early spring) were not given the same weight ap#sak of migration

* The Trinity River population was excluded as ilaiggely uninfected witlC. shasta

» Our target sample size was typically met during fferiod, reducing sample variation due
to small sample size

While QPCR data was generated for 2005-2008, tissliection and extraction protocols were
modified in 2006, resulting in non-standardizeduss volumes for the QPCR assay that cannot be
compared between all previous years. QPCR data 2@07-2009 is standardized and direct
comparisons of annual parasite incidence of inbecivere made from 2007 forward.

Statistical Analysis

Prevalence of infection (defined as cases of despessent at a given time) and incidence of
infection or disease (defined as the frequencycotiorence over a period of time, or for the
population as whole), fa€. shasta and P. minibicornjsare reported with 95% confidence
intervals, denoted as ci, for each sample reackaf@ece of infection data. Pearson’s chi square
analysis was used to comp&eShastancidence of infection between reaches, groups QWT
groups) and years when differences in apparerdéncie data are noted (Prf$w5.02, GraphPad
Software, La Jolla, CA). Associated P values apented for comparisons @. Shastgarasite
incidence of infection for: K4, K2 and K1 sampéaches; annual comparison of theshasta
incidence of infection in the Trinity River confloee to Estuary (K1) reach; and annual comparison
of C. shastancidence of infection in TRH CWT recovered in Kid KO reaches.

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 I8 (shastaand

20 (P. minibicornig. TRH CWT parasite DNA copy number was graphed similar manner in
Figures 22 C. shastaand 23 P. minibicornig. Mean parasite mean DNA copy number for all
positive fish in the sample group are represenyed ted dashed line whereas mean DNA copy
number for the entire sample population (all fisstéd, including negative and positive test repults
are graphed in a black solid line to illustrate plagasite DNA loads for the infected fish in the
sample set, compared to the sample group as a wBtdedard error whiskers and sample numbers
(N) for each week are included in these figures.



RESULTS

Pre-release IGH and TRH Chinook Salmon

Light infections ofC. shastavere detected by QPCR in 2% (1/53) of Chinook salsampled

20 May at IGH, prior to hatchery release. The lgipgsitive fish was lightly infected near the
detection threshold of the QPCR assay 3C.7 or 5.6 DNA copy number). Infections of

P. minibicorniswere detected by QPCR in 2% (1/53) of pre-relédsaook salmon sampled at
IGH. The single positive fish had a moderate ititeclevel (G 33.1 or 641 DNA copy number).
Histology did not detedC. shastaor P. minibicornis in a subsample of 10 fish from Iron Gate
Hatchery.

Trinity River hatchery Chinook had a higher prewale of infection for botiC. shastaand

P. minibicornis by QPCR, compared to IGHC. shastavas detected in 19% (9/48) with a mean C
of 35.3 (SD=2.7). Parasite copy humber ranged faamnimum of 7 to maximum of 937 with an
average DNA copy number of 258. minibicorniswas detected in 17% (8/48) of fish tested, with
a mean g of 37.4. Parasite copy number ranged from a mimnof 21 to maximum of 846 with
an average DNA copy number of 219. Histology ditlaretectC. shastaor P. minibicornisin a
subsample of 10 fish from Trinity River Hatchery.
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Iron Gate Dam to Shasta R. (K5)

In the IGD to Shasta (K5) readB, shastavas detected by QPCR in 9% (6/65, 95% confidence
interval [ci]= 4-19%) of mixed-origin Chinook. leftion prevalence was low (10%) in late May,
andC. shastavas not detected in fish sampled during the weélsJune through 8 June (Figure3).
The peak prevalence @f. shastanfection occurred 15 June with 21% (3/14, ci=84§Dof fish

testing positive by QPCR. Histology sampling was performed in this reach, due to the relatively
low incidence ofC. shastave have observed historically in this reach amdgitoximity to Iron

Gate hatchery (primarily early infections).

In the IGD to Shasta readR, minibicorniswas detected by QPCR in 58% (38/65, ci= 46-70%) of
mixed-origin Chinook. Infection prevalence was 0958% in the first sample collected in late May,
increased in early June and reached 100% by miel (rigure 3).

IGD to Shasta
BCs+ BPm+

100% - -
7
80%
7
7 7
60%
=
0 ||
40% 7 7
20% —
% % Z
0% S AT
20- 27- 4- 11- 18- 27- 1-Jun8-Jun 15- 22- 29- 6-Jul 13- 20- 27- 3- 10-
Apr Apr May May May May Jun Jun Jun Jul Jul  Jul Aug Aug

Figure 3. Weekly incidence of Ceratomyxa shasta and Parvicapsula minibicornisinfection by QPCR in juvenile
Klamath River Chinook salmon captured in Iron Gate Dam to Shasta River (K5) reach on the Klamath River.
Sample number s collected each week are displayed at the bottom of each column; Cswas not detected on 1 June
and 8 June.
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Shasta R. to Scott R. (K4)

In the Shasta to Scott reach (K@),shastavas detected by QPCR in 50% (131/261, ci=44-56%6) o
mixed-origin Chinook. Infection prevalence peake®7% in early May, decreased over a three
week period, and peaked again (59-67%) from 15 fm@@ June. The second peak appeared to be
descending when sampling in this reach ended enJiabe (Figure 4).

Shasta to Scott

04 —
100.0% . 7
Z
-
80.0% -
7
60.0% | ] -
40.0% ||
b
20.0% |
2
Iso/ 30 307 67 |54
0.0% S— ‘ ‘

20- 27- 4 11- 18- 27- 1-dun 8Jun 15- 22- 29- 6-Jul 13- 20- 27- 3- 10-
Apr Apr May May May May Jun  Jun  Jun Jul Jul Jul Aug Aug

Figure 4. Weekly incidence of Ceratomyxa shasta and Parvicapsula minibicornisinfection by QPCR in juvenile
Klamath River Chinook salmon captured in the Shasta to Scott River (K4) reach on the Klamath River. Sample
number s collected each week are displayed at the bottom of each column.

In the Shasta to Scott reach (K&),shastancidence of infection by QPCR was quite high in
natural fish collected in early to mid May (97% ai8% respectively), and peaked again 15 June
(59%), when hatchery fish were likely included e sample sets (IGH releases occurred 19 May
through 9 June). Parasite infectious load (lothefmearC. shastaDNA copy number) lagged
incidence data by approximately 1 week: naturah@bk carried 3.1 logs df. shastaDNA on 4

May when prevalence of infection was 97%. Parasijfgy number increased to 3.8 logs two weeks
later on 18 May, when prevalence decreased to Fgare 5) . By 1 June, parasite load was
decreasing (2.7 logs DNA) as prevalence decre@s48%. This decrease in weekly prevalence is
likely due to the inclusion of uninfected hatchésp entering the reach, and ‘diluting’ the overall
incidence of infection for the subsequent mixedjiarChinook population. Prevalence of infection,
and parasite load increased again on 15 Juneeaalence of infection increased to 59%,
indicating thatC. shastgositive fish during this period also carried telaly heavy parasite loads.
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C.shasta DNA Copy Number by Sample Week (K4)
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Figureb5. Bi-weekly C. shasta prevalence of infection (bars) and mean log parasite DNA copy number (lines) in
intestinal tissue of Chinook collected in the Shasta to Scott (K4) reach, astested by QPCR.

In the Shasta to Scott rea¢h,minibicornic was detected by QPCR in 82248/26., ci=76-86%)
of Chinook tested. Infeicin incidencereached 100% by the second samplearly May anc
remained high through the end of sampling in teéch in late June (Figu4).

Histologically,C. shastavas detected in % (26/48, ci= 39-69%0f mixed origin Chinook.
Ceratomyxa shastaas not observed in the intestine of natural salowlected on 2 April,
however, presumptiv€. shastarophozoites were seen in the gill lamellae ofs? in this sample
set (Table 3) Two weeks later, prevalenceC. shastanfection was 89% anshowed sever
intestinal pathology (Figure)6 This pattern continued in the 18 May collectgyroup and decline
in the 1 June collectiohis reacthad the highest incidence of presumptizeshasti trophozoites
observed in the gill tissus 61% (2846, ci =45-75%).

By histology,P. minibicornis was detected in &6 (43/48, ci=77-96%)f mixec-origin Chinook.
Parvicapsula minibicornitrophozoites were seen in —100% of the collection grou(Table 3)
with highest kidney pathology score occng on 18 May (Figure)7 Encysted metacercaria we
seen in 61% (28/46, ci =4B%) of the gill sections and 8% (4/ ci =2-20%) of the kidne"
sections.
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Table 3. Prevalence of parasite infection (number positive/ total (%)) and tissue abnor malities observed in
Chinook collected from the Shasta to Scott (K4) reach.

Sample Date

4/20 5/4 5/18 6/1 6/15
Kidney
Pm Troph. 7 /10 (70) 9 /9 (100) 10/ 10 (100) 8/10 (80) 9/9 (100)
Pm Myxosp. 0/10 (0) 0/9(0) 1/10 (10) 0/10 (0) 0/9(0)
Metacercaria 0/10(0) 0/9(0) 0/10(0) 1/10 (10) 3/9(33)
C. shasta troph. 0/10(0) 0/9(0) 1/10 (10) 1/10 (10) 0/9(0)
Chloromyxum sp 0/10(0) 0/9(0) 0/10(0) 0/10 (0) 0/9(0)
Pathology Score 0.000 5.778 8.400 5.400 2.111
Intestinal tract
C. shasta troph. 0/10(0) 8/9 (89) 8/10 (80) 3/10 (30) 719 (78)
C. shasta myxosp. 0/10 (0) 0/9(0) 0/10 (0) 0/10 (0) 0/9(0)
Helminth 0/10(0) 1/9(1) 0/10(0) 1/10(10) 0/9(0)
Pathology Score 0.000 3.440 3.400 0.600 1.333
Adipose steatitis 3/4(75) 5/6(83) 5/5 (100) 5/9 (56) 2 /8 (25)
Adipose lipofuscin 0/4(0) 0/6(0) 0/5(0) 1/9(11) 1/8(13)
Liver C. shasta 0/10(0) 0/8(0) 3/10 (30) 0/9(0) 0/9(0)
Gill
Glochidia 0/10 (0) 0/ 9 (0) 0/8(0) 2 /10 (20) 1/9(11)
Metacercaria 4/10 (40) 5/9 (56) 6/8(75) 4/10 (40) 9/9 (100)
Invasive C. shasta 2 /10 (20) 6/9 (67) 8/8 (100) 410 (40) 9/9 (100)
Amoeba 0/10(0) 0/9(0) 0/8(0) 0/10(0) 0/9(0)
Multif. Hyperplasia 3/10 (30) 0/9(0) 5/8 (63) 5/10 (50) 9/9(100)
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Figure 6. Prevalence of infection (bars) and mean intestinal pathology score (line) for C. shasta infections of
Chinook collected in the Shasta to Scott (K4) reach.
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Figure7. Prevalence of infection (bars) and mean kidney pathology score (line) for P. minibicornis infections of
Chinook collected in the Shasta to Scott (K4) reach.
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Salmon R. to Trinity R. reach (K2)

In the Salmon to Trinity (K2)each,C. shastavas detected by QPCR in 44%30/318,ci=38-49%)
of mixed-origin Chinook.Ceratomyxeshastawas not detected on 4 Mapwever prevalence
infection increased padly to 95% by 1 June, thelecreasedo less than 25% k29 June (Figure
8). A secondC. shastgrevalence of infection peak occurred a week lae6 July (75%, howeve
it should be noted thahis was a small sample set consisting of 8 fi«Ceratomyxeshasta
prevalencef infection was below 40% in July, and decreaged20% in the last sample from tl
reach, collected 10 August.

In the Salmon to Trinity reacl,. minibicornis was detected by QPCR in 872v{/31¢, ci=83-
90%) of mixederigin Chinook. Infection incidence reached 100% by eaiye and remained hit
throughthe end of sampling in this reach on 10 AugustyFed).
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Figure 8. Weekly incidence of Ceratomyxa shasta and Parvicapsula minibicornisinfection by QPCR in juvenile
Klamath River Chinook salmon captured in the Salmon River to Trinity River confluence (K2) reach in the
Klamath River. Sample numbers collected each week are displayed at the bottom of each column; Cswas not
detected on 4 May.

In the Salmon to Trinity (K2)each,C. shastavas not detecteiitially by QPCR in natural fis|
collected the week of 4 May, bprevalence of infection rapidipcreased to 60% by 18 M
(Figure 9). Hatchery fish were likely predominant in the sang#éfor 1 June through 29 Jul

C. shastanciderce of infection peaked a5% on 1 June, then decreaséightly to 90% on 15
June when parasite infectious load was highest &gs DNA copy numb: (Figure 9. A second
C. shastgrevalence oinfection peak occurreone month lateon 13 July, and in parasite load
peaked approximately 1 week later to 4.7 IDNA copy number on 27 July.
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C.shasta DNA Copy Number by Sample Week (K2}
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Figure 9. Bi-weekly C. shasta prevalence of infection (bars) and infectiousload as deter mined by mean log
parasite DNA copy number (lines) in intestinal tissue of Chinook collected in the Salmon to Trinity (K2) reach,
astested by QPCR.

Histologically, 10 to 20 salmowere collected initially on 18 May, and then evetlyer weelk
between the 15 June — 2dly (Table4). The 13 and 27 July collection wiaadvertently
combined in the same storage container. Given bataielease dates (IGH 19 M- 9 June, TRH
1 June — 15 June), the My collection i: natural origin salmon while later sample groupsidde
mixed hatchery and natur@hinool. The 18 May natural salmon had thighest prevalence «

C. shastanfection and intestinal pathology score in thigate Table 4. The incidence ¢

C. shastanfection was 44%24/5%, ci=30-58%) in this reach with collection groups in June :
July having bothower prevalence (-27%) and intestinal pathology scores than tt May group
(Figure 10)
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Table4. Prevalence of parasiteinfection (no. positive/ total (%)) and tissue abnor malities observed within
salmon collected from the Salmon to Trinity reach (K 2). Tissuesfrom the sample set collected 4 M ay wer e too
degraded for evaluation, and the 13 July and 27 July collections wer e inadvertently mixed and are therefore
reported as one combined sample set.

5/18 6/15 6/29 7113 &27
Kidney
Pm Troph. 15/ 20 (75) 9/10 (90) 9/10 (90) 10/ 15 (67)
Pm Myxosp. 0/20(0) 0/10(0) 0/10(0) 0/15(0)
Metacercaria 1/20 (5) 2 /10 (20) 2 /10 (20) 4115 (27)
C. shasta troph. 0/20(0) 0/10(0) 0/10(0) 1/15(7)
Chloromyxum sp 1/20(0) 0/10(0) 0/10(0) 1/15(7)
Pathology Score 2.900 4.700 6.700 3.267
Intestinal tract
C. shasta troph. 15/ 20 (75) 3/10 (30) 2 /10 (20) 415 (27)
C. shasta myxosp. 0/20(0) 0/10(0) 0/10(0) 0/15 (0)
Helminth 0/20(0) 0/10 (0) 1/10 (10) 3/15 (20)
Pathology Score 4.200 0.100 0.300 0.800
Adipose steatitis 4/9 (44) 517 (71) 5/6(83) 7110 (70)
Adipose lipofuscin 0/9(0) 0/10 (0) 216 (33) 1/10 (10)
Liver C. shasta 0/20(0) 0/10(0) 0/9(0) 2/15(13)
Gill
Glochidia 0/20(0) 0/10(0) 0/10(0) 0/20(0)
Metacercaria 12 /20 (60) 8/10 (80) 10/ 10 (100) 18/ 20 (90)
Invasive C. shasta 1/20 (5) 1/10 (10) 1/10 (10) 0/20(0)
Amoeba 0/20(0) 0/10 (0) 0/10 (0) 1/20(5)
Multif. Hyperplasia 2/20(10) 3/10 (30) 9/10 (90) 13/ 20 (65)

Parvicapsula minibicorniprevalence of infection was 78% (43/55, ci=65-8&bhistology and
ranged from 67 — 90% in the collection groups (€&l The peak kidney pathology score

occurred on 29 June (Figure 11).

Encysted metacercaria within the gill was a commioeservation (96%, 48/50, ci=86-99%) with

only 16% (9/55, ci=8-29%) incidence of infectionthe kidney (Table 4). Presumptie shasta
trophozoites were seen 6% (3/50, ci=1-17%) ofsgtitions examined. One fish in the combined 13
and 27 July group was observed with a sihgehyophthirius multifiliistrophozoite in its gill. This
was the only observation of this ciliate parasit@10 histological samples examined over the 2009

project.
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Figure 10. Prevalence of infection (bars) and mean intestinal pathology score (line) for C. shasta infections of
Chinook collected in the Salmon to Trinity River (K2) reach on the Klamath River.
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Figure 11. Prevalence of infection (bars) and mean kidney pathology score (ling) for P. minibicornis infections
of Chinook collected in the Salmon to Trinity River (K2) reach on the Klamath River.
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Trinity R. to Estuary reach (K1)

In the Trinity to Estuary (K1) reack. shastavas detected by QPCR in 50% (155/313, ci=43-55%)
of mixed origin Chinook, and by histology in 33%4(85,ci=23-43%). Infection prevalence was
high (77%) in the first samples collected 1 Jumel @mained between 40-76% throughout the June
sampling period (Figure 12)C. shastgrevalence decreased by 20 July, and was nottddten

27 July and 3 AugustC. shastgrevalence was increasing (28%) on the last sadgikeof 10

August (although this small sample set was comgrige3 fish only).

In the Trinity to Estuary reacl?,. minibicorniswas detected by QPCR in 83% (259/313, ci=78-
87%) and by histology in 78% (74/95, ci=68-86%)raked-origin Chinook. Infection prevalence
by QPCR was high initially (97%) on 1 June, ancchesl 100% by 8 June. Prevalence remained
over 80% throughout June, declined in late July2®, and early August to 20%, then increased in
the final sample (N=3) collected on 10 Aug to 67igQre 12).

Trinity to Estuary
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Figure 12. Weekly incidence of Ceratomyxa shasta and Parvicapsula minibicornisinfection by QPCR in juvenile
Klamath River Chinook salmon captured in K1 reach on the Klamath River (Trinity River confluenceto
Estuary). Sample number s collected each week are displayed at the bottom of each column; Cswas not detected
on 27 Juneand 3 Aug.
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Histologically, 15 to 20 Chinook were collectedlis reach every 2 weeks from 1 June — 27 July
(Table 5). Given the hatchery release dates (HViay — 9 June, TRH 1 June — 15 June), and the
migration time required for IGH Chinook to travelthis reach, the 1 June collection is likely
natural origin salmon. Later sample groups co@ariixed origin Chinook. It is noteworthy that

the 1 June sample of natural salmon had both tjiieekt prevalence &. shastanfection and
intestinal pathology score in this reach (Tabla8 Rigure 13). A second peak@n shasta
prevalence and disease pathology score was obsertleel 13 July collection group. Mean
pathology score and prevalence of infection didawotelate in the 27 July sample. In general for
this reach, Chinook salmon tended to be eithenerearly stage of infection (low pathology score
and few trophozoites observed in the intestindaia stage ceratomyxosis (e.g. 13-20% prevalence
of systemic infection of liver or kidney).

Table5. Prevalence of parasite infection (number positive/ total (%)) and tissue abnor malities observed in
Chinook collected from the Trinity R. to Estuary reach (K1). No gill tissue collected on 6/1 (n/d = not done).

6/1 6/15 6/29 7/13 7127
Kidney
Pm Troph. | 18/ 20 (90) 18/ 20 (90) 7120 (35) 20/ 20 (100) 11/ 15 (73)
Pm Myxosp. 2/20 (10) 0/20(0) 0/20(0) 2/20 (10) 1/15(7)
Metacercaria | 2/20 (10) 3/20(15) 9/20 (45) 16/ 20 (80) 9/15 (60)
C. shasta troph. 1/20 (5) 1/20 (5) 1/20(5) 0/20 (0) 3/15 (20)
Chloromyxum sp 2/20(10) 2/20(10) 4/ 20 (20) 0/20 (0) 0/15 (0)
. 7.000
Pathology Score 7.300 0.600 7.700 3.400
Intestinal tract
C. shasta troph. | 10/ 20 (50) 4 /20 (20) 3/20 (15) 9/20 (45) 5/15 (33)
C. shasta myxosp. 1/20 (5) 1/20(5) 0/20(0) 2/20 (10) 0/15 (0)
Helminth 0/20(0) 1/20 (5) 1/20 (5) 1/20 (5) 3/15 (20)
Pathology Score 3.400 0.700 1.950 2.050 0.533
Adipose steatitis 11/11(100) | 15/15(100) | 11/11(100) 15/ 18 (83) 11712 (92)
Adipose lipofuscin 3/11(27) 3/15 (20) 0/11(0) 4/18 (22) 4/12 (33)
Liver C. shasta 5/20 (25) 2/20 (10) 1/20 (5) 1/20 (5) 2/15(13)
Gill
Glochidia n/d 4 /20 (20) 3/20 (15) 1/19 (5) 0/20(0)
Metacercaria 17 /20 (85) 17 /20 (85) 18 /19 (95) 19/ 20 (95)
Invasive C. shasta 1/20(5) 1/20 (5) 3/19 (16) 0/20(0)
Amoeba 1/20 (5) 2/20 (10) 0/19 (0) 0/20(0)
Multif. Hyperplasia 9/ 20 (45) 15/ 20 (75) 10/19 (53) 18/ 20 (90)
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Figure 13. Prevalence of infection (bars) and mean intestinal pathology score (line) for C. shasta infections of
Chinook collected in the Trinity to Estuary (K1) reach on the Klamath River. Sample numbersare displayed
above each column bar.

Except for 29 June sampRRarvicapsula minibicornignfection was >73% in the sampled groups
with high pathology scores (Table 5 and Figure 1Zhe majority of the kidney sections showed
severe interstitial hyperplasia, tubule and glor@erpathology, and were grossly swollen. While
similar for most collection dates, prevalence ééation pattern foP. minibicornisdid not track

C. shastan the 15 June sample set (Figures 13 and 14¢ydied metacercaria in the gill was a
common observation (85% prevalence per sample group).
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Figure 14. Prevalence of infection and mean kidney pathology scorefor P. minibicornis infections of Chinook
collected in the Trinity to Estuary (K1) reach on the Klamath River. Sample numbersarethe samefor C. shasta
and P. minibicornis histological assays, and aregiven in Figure 13.
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Multi-focal lamellar hyperplasia without metacetiehcysts was also seen in 45 — 90% of the qgill
sections. It is likely metacercarial infection wassociated with the hyperplastic lamellae butodut
the field of the section.

No bacteria were seen in 5 hyperplastic gill sesti29 June) stained with McDonald’s gram stain.
PresumptiveC. shastarophozoites were seen 5 — 16% of the gill laneetliad vessels (Table 5).

Several other parasites were detected by histato@hinook from the Trinity River and Trinity to
estuary reach (K1). Another myxozoan trophozoite wlaserved in kidney glomeruli and tubules,
and presumed to @hloromyxunsp. based on differentiation frofh minibicornis by its

elongated plasmodium and location within the Bowimiaapsule and tubule lumen (rather than
singular trophozoites within the vasculature oftiesangium) (Figure 15). Amoeba were also seen
in a low number of gill sections in the Trinity RIvto Estuary (K1) reach but were not associated
with epithelial hyperplasia (Figure 16). Metacei@avere common in Klamath River Chinook gill
sections (61-96% prevalence per reach) but legs Bonity River samples (20%). Many gills

from Klamath River smolts had multi-focal regiorfepithelial hyperplasia (41 — 66%. prevalence
per reach) with no associated parasite.

Figure 15. Presumptive Chloromyxum sp. (A) and Parvicapsula minibicornis (B) in kidney glomerulus of juvenile
Chinook salmon. Micrograph (A) from lower Trinity River sample and (B) from Klamath River. H& E stain.
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Figure16. Presumptive amoeba associated with Chinook gill tissue (Trinity R. to estuary (K1) reach).
H&E stain.
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Klamath River Estuary

In the Klamath Estuary;. shastavas detected by QPCR in 42% (87/207, ci=35-49%miztd-
origin Chinook. Infection prevalence followed a mai bell shaped curve with the exception of the
1 June sample that consisted of a single posiitsve Infection prevalence peaked at 60% (18/30,
ci=40-77%) in mid June and gradually decreasedutfitahe end of June and early July sample
periods (Figure 17).

In the Klamath Estuaryr. minibicorniswas detected by QPCR in 67% (138/207, ci=60-73P%6) 0
mixed-origin Chinook. Infection prevalence follogva normal bell shaped curve with the
exception of the 1 June sample that consistedsofgle positive fish. Infection prevalence peaked
at 80% (24/30, ci= 61-92%) on 22 June and decre@s2d% (3/15, ci=4-48%) in the last sample
collection from this reach on 6 July (Figure 17).
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Figure 17. Weekly incidence of Ceratomyxa shasta and Parvicapsula minibicornisinfection by QPCR in juvenile
Klamath River Chinook salmon captured in the estuary (K0) reach of the Klamath River. Sample numbers
collected each week are displayed at the bottom of each bar column. Note: Only 1 fish was collected and tested
on 1 June.

Trinity River

Chinook salmon were collected from the upper TyiRtver from the Pear Tree rotary screw trap
(PTT) and from the lower Trinity River from the v Creek rotary screw trap (WCT) on 12 and
27 May. Kidney and intestine from each fish wegteéd by QPCR for parasite incidence of
infection. C. shastavas detected in 12.1 % of these natural TR Chinodke Trinity River, with

no appreciable difference noted in the upper besilection site (PTT = 12.1%) compared to the
lower basin site (WCT — 11.6%J2. minibicorniswas detected in 5.7% of Chinook examined from
the Trinity River (PTT = 6.8% and WCT = 5.0%). inity River Hatchery coded-wire tagged
Chinook were captured in the Trinity to Estuary Ji&ahd Estuary (KO) reaches, following TRH
volitional releases, to evaluate parasite incidexfaafection for TRH produced Chinook salmon
(see CWT section for results).
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Histological samples were collected at both PeaeBnd Willow Creek rotary screw traps on

12 and 27 May (Table 6). Neith€r shastanor P. minibicornisparasites were observed on these
sample dates. The myxozoan paraSioromyxumsp. was seen in glomeruli of 16 of 39 (41%)
kidney sections and was differentiated frBminibicornis by its elongated plasmodium and
location within the Bowman’s capsule and tubule émxiNo inflammation was associated with this
parasite. Metacercaria were observed in 13% ofitdheey sections and 20% of gill sections.
Unlike previous years, glochidia were not deteategill sections of Trinity River Chinook

(Table 6).

Table 6. Prevalence of parasite [no. positive/ total (%)] infection and tissue abnor malities observed in Chinook
collected from Trinity R. rotary screw trapsat Pear treetrap (rm 94) and Willow Creek (rm 14) on 12 and 27
May. Poor gill fixation prevented evaluation for hyperplasiain 12 May samples (n/d).

Pear tree Pear tree Willow Crk Willow Crk
5/12 5/27 5/12 5/27
Kidney
Pm Troph.] 0/10(0) 0/9(0) 0/10 (0) 0/10 (0)
Pm Myxosp., 0/10 (0) 0/9(0) 0/10 (0) 0/10 (0)
Metacercarig 0/ 10 (0) 219 (22) 1/10 (10) 1/10 (10)
C. shastaroph. 0/10(0) 0/9(0) 0/10(0) 0/10(0)
Chloromyxunsp| 5/ 10 (50) 219 (22) 1/10 (10) 8/10 (80)
Pathology Score 0.000 0.000 0.02* 0.000
Intestinal tract
C. shastdroph. 0/10(0) 0/10(0) 0/10 (0) 0/9(0)
C. shastanyxosp. 0/10(0) 0/10(0) 0/10(0) 0/9(0)
Helminth 0/10(0) 1/10 (10) 0/10 (0) 1/9(11)
Pathology Score 0.000 0.000 0.000 0.000
Adipose steatitis 1/6(17) 3/3(100) 1/5(20) 2 /2 (100)
Adipose lipofuscin 216 (33) 0/3(0) 215 (40) 0/2(0)
Liver C. shasta 0/10 (0) 0/9(0) 0/9(90) 0/9(0)
Gill
Glochidia 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0)
Metacercarig 0/ 10 (0) 8/10 (80) 0/10(0) 0/10 (0)
InvasiveC. shasta 0/10 (0) 0/10(0) 0/10(0) 0/10(0)
Amoeba| 0/10 (0) 0/10 (0) 0/10(0) 0/10 (0)
Multif. Hyperplasia n/d 0/10 (0) n/d 0/10 (0)
* multifocal necrosis in kidney, no parasites ictien
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Diagnostic Evaluations of Moribund Chinook in the Trinity R. to Estuary Reach (K1)
Diagnostic examinations were conducted to assesgrdsence and prevalence of other major
fish pathogens and parasites. White spots wereiselk8 — 29% of gills and due entirely to
metacercaria (58 — 90% prevalence) and to a lessent encysted glochidial mussel larvae
(10 — 50% prevalence) infection (Table 7). Mbthyophthirius parasites were detected.
Flavobacterium columnarkacteria (Columnaris disease) was observed in28%-of the
sampled fish and was largely confirmed by gramastéithe observed gill lesion®\eromonad-
Pseudomonabacteria were isolated from 29 — 78% of the kidogyures however it is unlikely
that these infections were causing disease as gegyative bacteria were not seen in associated
spleen imprints. In addition, a common clinicgirsof gram-negative bacterial septicemia
(pinpoint or petechial hemorrhage on the skin arfthdase) was only seen in13-14% of the
examined fish.Ceratomyxa shastmfection and ceratomyxosis were quite prevalgfgf) in

the 8 July and 12 August collection.

On 12 August, five dead Steelhead adults were foumiue Hole (~0.5 mi upstream of Blue
Creek). All these fish had columnaris gill lesi@msl hemorrhagic intestines. Histological samples
were assayed from a moribund Steelhead trout (168incaptured at the mouth of Blue Creek
and diagnosed with severe ceratomyxosis. Ceratosnyxvas also diagnosed histologically in

1 Chinook salmon on 12 Aug with bilateral exophthial and external fungal infection of the eye.
Trophozoites were seen in the kidney but not ininkestinal tract of this fish. While

P. minibicorniswas detected in 40 — 80% of the histological sastiof kidney, it was associated
with morbidity in the 18 June sample; these fisth fa&ollen kidneys and were anemic. It is likely
thatParvicapsulawas the primary pathogen associated with diseedei18 June fish &. shasta
was only observed in one fish in the collectionugr¢Table 7).
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Table7. Moribund Chinook diagnostic evaluation data: frequency of clinical signs and pathogen detection.
Column abbreviationsinclude: Hem/Cat = hemorrhagic or catarrhal exudateswithin intestine, Pet Hem =
petechial hemorrhagesat fin base or ventral skin, AP = Aeromonad-Pseudomonad bacteria, Staph =
Staphylococcus sp., Fc = Flavobacterium columnare, F-GNR = Filamentous gram negativerod (presumptive for
F. columnare, imprt = gram stained spleen imprint, IntesPath Score (+) = mean pathology score for intestinal
sectionswith C. shasta, KD Path Score (+) = mean pathology score for kidney sectionswith P. minibicornis.

6/18 7/8 8/12

Creek mouth sites Tec Tah Pecwan, Blue Tec Tah, Blue,

Lower Crow Tec Tah Roach
Water temp. 20C 21C 21.8C
Sample No. 14 15 15
Forklength range 60 - 80 mm 75 —-95 mm 78 —90 mm
Clinical signs:
White spot-gill 4114 (29) 4115 (27) 2/15 (13)
Pale gill color 10/14 (71) 5/15 (33) 3/15 (20)
Swollen kidney 11/ 14 (79) 5/15 (33) 3/15 (20)
Ascites fluid 0/14 3/15 (20) 1/15(7)
Hem/Cat Intestine 1/14 (7) 4115 (27) 5/15 (33)
Pet Hem fin base 2/14 (14) 2/15 (13) 2/15(13)
Notes: 1 bilateral 1 Lamprey wound Dead steelhead

exophthalmia
Fc lesion 4/14 (29) 2115 (13) 3/15 (20)
Gram stain F-GNR 2/3 212 2/3
Cultured Bacteria 5/14 AP 2/7AP 719 AP

3 /14 Staph
GNR-spleen imprt 0/13 0/14 n/d
C. shastahistology 1/10 6 /16 (50) 5/10 (50)
Intes Path Score (+) 0.0 6.2 2.6
P. minibicornis 8/10 (80) 9/12 (75) 4/ 10 (40)
histology 8.3 3.1 4.8
KD Path Score (+)
Metacercaria-gill 7110 (70) 7112 (58) 9/10)9
Amoeba- qill 0/10 2112 (17) 0/10
Glochidia - gill 5/10 (50) 4/12 (33) 1/10 (10
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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 in the
monitoring study. The larger sample size for CWialgsis provides improved assessment of
myxozoan infection level at weeks post hatchergast. Ceratomyxa shastaas detected in 52%
(232/448, ci=47-57%) of all marked IGH Chinook sared by QPCR and 36% of IGH-CWT
collected above the confluence of the Trinity Ri@able 8).

Table 8. Historicincidence of C. shasta infection (% positive), as diagnosed by histology and QPCR, in juvenile
Chinook salmon collected from the Klamath main stem between Iron Gate Dam and Trinity River confluence
during May through July, 1995-2009. Similar data for coded-wiretagged (CWT) fish from each hatchery:
Trinity Hatchery Chinook (positiveltotal, (percent positive)) collected below the Trinity R. confluence (K1) and
estuary (K0), and the same data for Iron Gate Hatchery Chinook captured in reaches above the confluence of
the Trinity River (K5, K4 and K?2).

Y ear All Chinook (IGand TR | Trinity CWT- QPCR | Iron Gate CWT-QPCR
Hatcheries, all reaches) (Below TR (Above TR confluence
Per cent Positive by Assay | confluence, K1/K0) in reach K5, K4, and
K2)
Histology QPCR
1995 44 NS NS NS
2002 19° NS NS NS
2004 34 NS NS NS
2005 35 Not Included NS NS
2006 21 34 1/67 (1%) 6/18 (33%)
2007 21 31 46/332 (14%) 15/22 (68%)
2008 37 49 8/257 ( 3%) 9/13 (69%)
2009 54 45 13/100 (13%) 82/228 (36%)
Average| 35% (4) 40 % (4) 10% (3) 54% (8)
(SE)

1 NS= Not Sampled.

2 Only TR CWT Chinook wer e assayed in 2002 by histology.

3 2005 QPCR data isnot included: sampleincidence was 62% however tissue volumes wer e not standar dized and
cannot bedirectly compared to subsequent sample years.

C. shastgrevalence of infection in IGH CWT Chinook washmg this year in the initial weeks
following hatchery release (0-2 WAL) compared teypous years. In 2008&,. shastavas not
detected in IGH CWT Chinook recaptured at 1 WAIlse®o 8% in the 2 WAL group and peaked at
67% in the 3 WAL sample grou@. shastgrevalence of infection decreased at 4 WAL to 25%
and decreased steadily through 6 WAL.

By contrast, in 200€. shastgrevalence of infection increased steadily frorfelifi the 0 WAL

(less than 7 days post release) group, to 419MAIL, peaked at 78% at 2 WAL, and generally
followed a normal bell shape curve for 0-6 WAL sadengroups (Figure 17). Very few CWT
Chinook were recaptured that had resided for 7-20_\fYost hatchery release (1 to 3 fish per WAL
sample set)C. shastavas not detected in these longer rearing groujtl,tihhe exception of 1
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positive fish in the 8 WAL sample group (8 weekstdmatchery release for this CWT cc
corresponds to capture of this marked during late July).
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Figure 18. Ceratomyxa shasta prevalence of infection assayed by QPCR in Iron Gate Hatchery CWT Chinook
recovered in the Klamath River by Weeks At Liberty (WAL); the number of weeksfrom hatchery release. The
red dashed lineindicatesthe C. shasta mean DNA Copy Number for positiveresultsin the sample group (all
positive fish tested in the WAL group); the black lineisthe mean C. shasta DNA Copy Number for the sample
population (all fish tested, including negatives for a group). Whiskersare standard error for Cs POl and sample
number (N) islocated at the top of the chart above each bar.

For IGH CWT Weeks at Large (WAL) analysis, compamis of parasite mean DNA copy num
were graphed for positive test results and theestimple population in Figure8 (C. shastaand
20 (P. minibicornis). Mean parasite me:DNA copy number for all positive fish in the sam
group are represented by a red dashed line whareas DNA copy number for the entire san
population (all fish tested, including negative qasitive test results) are graphed in a blaclds
line to illustrate the parasite DNA loads for the infectish in the sample set, compared to
sample group as a whole.

For IGH CWTs,C. shastgarasite DNA levels for positive fish were high idgrinitial exposure
as demonstrated in both thé/AL groug, and the slightly higher values observed in -3 WAL
groups whemompared to the entire sample population. As loegposure periods in the Klame
River main stem occurrad the +6 WAL groups, the mean parasite number for the $augmoup
and thepopulation are more closely alignéThe similar mean DNA copy number in the posit
fish compared to the entire sample group, indg&atarger proportion of positive fish and simi
parasite DNA levels in the sample population at timae, for thee WAL exposure groug
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Incidence ofC. shastanfection, by reach in which CWT Chinook were cotied from, is shown i
Figure 19 The highest incidence C. shastanfections in IGH CWT occurred in the Trinity
Estuary (K1) and Estuary (KO) reies, at 67% and 65% respectively. The proportidnstal IGH
CWT Chinook recovered in each reach were fairlyl @istributed among all reache
Approximately 75% of IGH CWTs were equally distribd among three reaches: Shasta to ¢
(K4) at 26.1%, lte Trinity to Estuary (K1) at 24.1%, and the Espu#0) at 24.8% respectively
The remaining 25% of CWTs were recovered in rougyal proportions from the IGD to Sha
reach (K5) at 12.7% and the Salmon to Trinity re@®) at 12.3%. The upper ich from IGD to
the Shasta (K5) and the Salmon to Trinity (K2) rehad the lowest incidence C. shasta
infection, at 9% and 38% respective
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Figure 19. Ceratomyxa shasta incidence of infection by QPCR in Iron Gate Hatchery CWT by reach that
mar ked Chinook were collected from. Whiskersindicate 95% confidence interval and sample number isat the
base of each bar.
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Parvicapsula minibicornisvas detected i86% (386/448, ci=83-89%) of atharkediIGH Chinook
salmon screened by QPCRicidenceof infection was 41% (30/73, ci= 3B%) in Chinook
collected within 6 days of release (<7 days pdsiase = 0 WAL) and rose rapidly to 83%

1 WAL and 93% by 2 WAL (Figur20). P. minibicorniswas detected in 100% (70/70) of IC
CWT Chinook by 4 WAL IGH CWT sample numbers fo-10 WAL were very small, with — 8
fish per collection group, howevP. minibicornis prevalence remained at 100% in fish collec

from 17 July to 10 August (WAL-10). Due to the nearly 100% incidencdoiminibicornis
observed in juvenile Chinook in the Klamath Rivearidg June and July, the mean DNA cc
number for P. minibicornis positive fish compared to the entire I-CWT sample population a

nearly identical with the exception of initial exquwe at < 1 WAL.
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Figure 20. Parvicapsula minibicornisincidence of infection assayed by QPCR in Iron Gate Hatchery CWT

Chinook recovered in the Klamath River by Weeks At Liberty (WAL ); the number of weeks from hatchery
release. Thered dashed line indicatesthe P. minibicornis mean DNA Copy Number for positive samplesin the
group (all positive fish tested at each weekly interval); the black lineisthe mean P. minibicornis DNA Copy

Number for the sample population (all fish tested, including negatives). Whiskersindicate standard error for

Pm POI and sample number (N) islocated at the top of the chart above each bar.
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Incidence ofP. minibicornis infection, by reach in which IGH CWT fish were ogered from,
followed a similar trend as previous monitoringdsés (Figure 21). Chinook are infected with
P. minibicornisin the upper two reaches and incidence of infadticthe Salmon to Trinity reach
(K2) through the Estuary reach (KO0) is near, atGQ%.
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Figure 21. Parvicapsula minibicornisincidence of infection assayed by QPCR in Iron Gate Hatchery CWT
Chinook recovered in the Klamath River by weeks since hatchery release (WAL). Whiskersindicate 95%
confidence interval and sample number isat the base of each bar.

Trinity River Hatchery

Ceratomyxa shastaas detected in 13% (14/109, ci=7-20%) of the mdrkRH Chinook screened
by QPCR. Chi square analysis found this incidemag not statistically significant compared to
C. shastgrevalence of infection levels (12.1%) observedatural Chinook sampled in the upper
and lower Trinity River basin in mid to late Mayeratomyxa shastaas detected in 33% (3/9,
ci=8-70%) of Chinook recaptured at 1 WAL and fellLl4% (2/14, ci=2-43%) in the 2 WAL group.
A similar trend occurred in 5-6 WAL groups wh&eshastavas detected in 31% and 14% of the
groups respectively (Figure 22).

For TRH CWT Weeks at Large (WAL) analysis, compamis of parasite mean DNA copy humber
for the positive test results and the entire samplaulation are illustrated in Figures 22-23. Mea
parasite mean DNA copy number for all positive fislthe sample group are represented by the red
dashed line whereas mean DNA copy number for thieeesample population (all fish tested,
including negative and positive test results) aephed as a black solid line. These graphs illtestra
the parasite DNA loads for the infected fish in sa@nple set, compared to the sample group as a
whole.

C. shastaDNA copy number tracked peak prevalence well fathifish testing positive and for the
entire TRH CWT sample population (mean copy nuniteall fish tested in the sample set,
including negatives, Figure 22). The high€sshasteDNA copy number occurred on initial
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exposure of fish post release (less than 7 day8#AD). The highest infectious load for the
population (all fish tested) occurred by 1 WAL.s#nilar increase it€. shastaDNA levels
occurred at 5 WAL sample group (and 9 WAL, althotiygh sample set included only 1 fish).
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Figure 22. Ceratomyxa shasta incidence of infection and mean DNA copy number by QPCR in Trinity River
Hatchery CWT Chinook salmon recovered in the Klamath River by Weeks At Liberty (WAL). Whiskers
indicate 95% confidenceinterval and sample number is at the base of each bar. Thered dashed lineindicates
the mean DNA Copy Number for positive samplesin the WAL groups (all positive fish tested); the black lineis
the mean C. shasta DNA Copy Number for the sample population (all fish tested, including negatives). Whiskers
indicate 95% confidenceinterval and sample number islocated at the top of the chart above each bar.
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Parvicapsula minibicornisvas detected in 26% (28/109, ci= 18-35%) of thé&dT&®RWT Chinook
screened by QPCR. Prevalence was 22% (2/9, ci&-60fish representing the 1 WAL group

(22 June) and rose to 55% (12/22, ci= 32-76%) kyA_ (20 July). DNA copy number was high
(>15,000 copies) on initial exposure, and a seqwak in parasite DNA copy number (>5000
copies) occurred in the 5-6 WAL sample groups, Witiorresponds to CWT capture dates between
13-20 July (Figure 23).
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Figure 23. Parvicapsula minibicornisincidence of infection and mean DNA copy number by QPCR in Trinity
River Hatchery CWT Chinook salmon recovered in the Klamath River by weeks since hatchery release (WAL).
Thered dashed lineindicates the mean DNA Copy Number for positive samplesin the WAL groups (all positive
fish tested); the black line isthe mean P. minibicornis DNA Copy Number for the sample population (all fish
tested, including negatives). Whiskersindicate 95% confidenceinterval and sample number islocated at the top
of the chart above each bar.
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Annual Comparison- Histology Abovethe Trinity River Confluence

Annual comparison of myxozoan incidence of infattior juvenile Chinook collected above the
Trinity confluence, between May and July, are pded to assess trends in parasite prevalence by
histology, and annual incidence as it relates &t pwnitoring studies.

Histology
The incidence o€. shastaby histology in mixed-origin Chinook captured adwgiMay, June and

July in the Klamath River above the confluencehef Trinity River was 54% (50/93, ci= 43-64%),
the highest observed compared to previous yeatdd Ba. While the trophozoite stage was
prevalent, observations of myxospore stages oh GoshastaandP. minibicorniswere uncommon
(only 4-5% in the Trinity River to estuary reachhe prevalence and severity of myxospore
infection determined by histology cannot be expdndehe entire Klamath River smolt population
as the collections were done by beach seine andadithrget moribund or dead fish.

Table 9. Historical incidence of infection for C. shasta and P. minibicornisin histological sections of intestine and
kidney (respectively) from juvenile Chinook salmon collected between May 1 and July 30 in the Klamath River
(Iron Gate dam to confluence of Trinity R.)

Average
2004 2005 2006 2007 2008 2004-2008 2009
C. shasta 34% 35% 21% 21% 37% 30% 50 /93 54%)
P. minibicornis 77% 92% 58% 81% 89% 79% 79 /93 85%)

N 735 134 112 81 116

The incidence o€. shastanfection, as determined by histology, was higheshe Shasta to Scott
reach (K4) in 2009 at 54% while incidence was 44%lie Scott to Trinity (K2) and 33% for the
Trinity to Estuary (KO) reaches.

The incidence oP. minibicornis by histology in mixed-origin Chinook captured dwgiMay, June
and July in the Klamath River above the conflueoicéne Trinity River was 85% (79/93, ci= 76-
91%).Parvicapsulainfection was >/3% in the 3 Klamath reach collection groups (K3,and K2)
in 2009, with a majority of the kidneys showing eevinflammatory response. Compared to
previous studies, the overall incidencePoiminibicornisinfection in mixed-origin Chinook was
average, with levels comparable to 2007 and 2008 )@ver than 2005 (Table 9).
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DISCUSION

The incidence of botlE. shastaandP. minibicornisinfections 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 e808). The May-July 2009 incidence®©f shasta

by histology (54%), the metric used for annual cangons, is the highest level observed during the
Klamath River fish health monitoring studies contédcrom 2005 to 2009. The incidence of

P. minibicornisby histology in Chinook salmon was similar to thighest levels observed in 2007
(81%) and 2008 (89%), but lower than the recorellef observed in 2005 (92%).

Pre-release exams of Iron Gate and Trinity Hatckdmyook indicate that hatchery fish were
exposed t&C. shastaandP. minibicornisat both facilities prior to releas€. shastgprevalence of
infection was 2% at IGH by QPCR and undetectechbyldss sensitive histological screening
method. C. shastgrevalence of infection was higher in TRH Chin@dk 9% by QPCR, compared
to IGH Chinook.P. minibicornisprevalence of infection was low (2%) for IGH Chakoand 17%

for TRH Chinook, similar to the TRE. shastgrevalence of infection of 19%. The parasite DNA
levels for both myxozoans on pre-release exams warselow, indicating exposure of hatchery
Chinook to these parasites, but at levels consideetow those required to induce a diseased state.

Natural fish incurred early infections in 2009, dngher incidence of infection compared to mixed
origin Chinook sampled after hatchery releasethénShasta to Scott (K4) reach, the peak weekly
prevalence o€. shastanfections (97%) was observed in natural fish seaehp early May
(hatchery releases began 19 May). We assumeitiisrifection rate is a result of residing in
highly infectious waters, and that naturally progdi€Chinook that rear in the main stem have a
greater probability to incur disease mortality theatchery Chinook and tributary fish which spend
less time in the Klamath River. Natural fish sa@tpin the Salmon to Trinity (K2) reach had lower
C. shastgrevalence of infection (60%) in mid May, compatedhe Shasta to Scott (K4) reach.

C. shastavas not detected in 30 natural Chinook samplech#,Mowever prevalence increased to
60% by 18 May, before hatchery Chinook enteredstfstem. It is also noteworthy that the 1 June
sample of natural Chinook in the Trinity to Estu@l) reach, sampled by histology, had the
highest prevalence &. shastanfection and intestinal pathology score of athgde groups
collected in this downstream reach. In summariynmaafish experienced earlier infections and
high C. shastancidence of infection levels in both the uppea$h to Scott (K4) reach and the
lower Trinity to Estuary (K1) reach by both QPCRidnistological assays in 2009.

Similar to naturally produced Chinook, we obsertggherC. shastancidence of infection in

mixed origin Chinook sampled after IGH releaseghanShasta to Scott (K4) and Salmon to Trinity
(K2) reaches.C. shastgrevalence followed a bimodal distribution in SBigasta to Scott (K4)

reach, related to presence of natural fish (padrdtchery release) and mixed origin Chinook (post
hatchery release). As hatchery Chinook enterednhia stem and became infected in late May and
early June(C. shastaprevalence of infection in mixed origin Chinoalse to >40% by 1 June and
peaked at 65% within 3 weeks, on 22 June. It teworthy that the highest incidence@fshasta
trophozoites in gill tissue by histology, an indioa of early infection pathology associated with
parasite entry into host tissue, was observedigréach. Additionally, parasite infectious load,
measured a€. shastaDNA copy number present in fish tissue, is higbiggestive of an

alternating cycle of high and low prevalence ogatifon based on when Chinook cohort groups are
becoming infected.
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In the Salmon to Trinity (K2) reack. shastavas detected by QPCR in 44% (139/318, ci=38-49%)
of mixed-origin Chinook. Ceratomyxa shastarevalence of infection rose rapidly to 95% inlyar
June, two weeks after IGH releas€eratomyxa shastarevalence decreased by 29 June and
remained <40% throughout the remainder of the saip@tiod (with the exception of 6 July where
prevalence reached 75% in a small sample setigh® f

In addition to highe€. shastancidence of infection in natural and mixed ori@hinook in the
upper reaches (K4 and K2), we observed highertinfgclevels in the Trinity to Estuary (K1)
reach in 2009. In past monitoring studies, the uppaches from the Shasta and Scott (K4) and
Scott and Salmon (K2) have produced the highesttiv@. shastancidence data for mixed origin
Chinook. Conversely, the Trinity to Estuary (K1ack historically had lower infection levels than
the upper Klamath River reaches, presumably ddeetinflux of uninfected Trinity River Chinook.
In 2009,C. shastancidence of infection by QPCR (50%) in this reagds not statistically different
(P=0.213) from incidences observed in the two rea@bove the Trinity confluence: Shasta to
Scott = 50%, and the Salmon to Trinity = 44%. HegrewhenC. shastancidence of infection in
the Trinity to Estuary (K1) reach was comparedriorpyears, the level observed in 2009 was
significantly higher than the past three study ye#2.8% observed in 2008 (P=0.001), 16.2% in
2007 (P=0.001) and 19.1% in 2006 (P= 0.001). diss noteworthy thaf. shastancidence of
infection by histology (33%) was the highest obsdrin this reach, for mixed origin Chinook since
monitoring studies were initiated in 2004. Histptal observations for the Trinity to Estuary (K1)
reach confirmed a dichotomous infection patterndoshasta; Chinook were observed to be either
in the early infection stages with few trophozo@s! no tissue damage, or advanced states of
systemic Ceratomyxosis. This infection patteranglwith the highC. shastgrevalence of
infection and changes in bi-weekly DNA copy numinelicate newly infected Chinook were
entering this sample reach, while severely infefigdwere incurring mortality.

In the Estuary (K0), the incidence of infectiomixed origin Chinook oC. shastaand
P. minibicorniswere 42% and 67% (respectively); levels comparabfgevious study years
(Nichols and Foott 2006; Nichols et al. 2007; Nishand True 2007; Nichols et al. 2008).

In 2009, the constant fractional mark at IGH insezhto 25% which facilitated collection of over
550 coded wire tagged Chinook (448 IGH CWT and IR CWT). Coded-wire tagged data
provides important information about disease pregjomn for hatchery fish as it relates temporal
exposure (WAL relationship to infection levels) asphtial exposure (infection incidence
associated with various reaches). IGH Chinook CWeéee collected from the Shasta to Scott
(K4), Scott to Salmon (K3), Salmon to Trinity (K2)inity to Estuary (K1) and Estuary (KO)
reaches, whereas TRH CWTs were collected from Kilkihreaches only. The recovery rate of
IGH CWT Chinook analyzed for this study was 0.03@%8/1,257,801 CWT Chinook) of the total
5.0 M Fall-run Chinook released in 2009.

While IGH CWT had low prevalence of infection (2%} both parasites on pre-release exams,
Chinook became infected with. shastammediately following release and prevalence iasesl to
40% in IGH CWT Chinook residing in the main sterssi¢ghan 1 WAL (up to 6 days post release).
Prevalence o€. shastan this group rose rapidly to over 80% in the 2 WWgroup. P. minibicornis
reached nearly 100% prevalence by 3 WAL and in@deemained high throughout the remainder
of the monitoring period.
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The incidence o€. shastanfection in TRH CWT in 2009 was 13%, comparalolédeivels

observed in 2007 (14%), but higher than incidegpecally observed (2006 = 1%, and 2008 = 3%).
TheC. shastancidence of infection for this group of fish, lnding 2009 and all previous study
years, averages 10% (Table 8). Trinity River hatglCWT Chinook had high&?. shasta

incidence of infection than IGH CWT on pre-releagams conducted in 2009. The higher
incidence ofC. shastanfection in marked TRH Chinook in 2009 was stataly significant
compared to the 3% level observed in 2008 (P= @pAAd the 1% observed in 2006 (P=0.0047),
but was not significant when compared to the 14%eoled in 2007 (P=0.8501).

For the Weeks at Large assessment, the highestlpree of C. shastanfection in TRH CWT
Chinook was 33% in the 1 WAL group. A second peesurred in the 5-6 WAL groups where
C. shastavas detected in 31% and 14% of the Chinook sampdsgectively.

In contrast to 2009 dat&,. shastavas not detected in 2008 TRH CWT Chinook until BM/
TRH Chinook appear to have experienced an eanjgosure taC. shastaand higher incidence
of infection in 2009 in the Trinity River, as weals in the Klamath River below the Trinity River
confluence.

In summary, we observed increagedshastancidence of infection in the Klamath River Fish
Health Monitoring Program for natural fish, Iront@adatchery Chinook and Trinity Hatchery
Chinook in 2009. Trinity Hatchery Chinook had hegltevels of botlC. shastaandP. minibicornis

on pre-release examination compared to IGH Chinmak¢ating exposure to these myxozoan
parasites prior to hatchery release in early Junaity Hatchery CWT ChinookC. shasta

incidence of infection levels were higher in thénfty to Estuary (K1) reach than in 2 of 3 previous
study years. Of special concern in 2009, is thEaemt extension of the infectious zone into the
reaches below the Trinity River confluence, wh@reshastancidence of infection in mixed origin
Chinook was not statistically different from levelsserved in the Shasta to Scott (K4) and Salmon
to Trinity (K2) reaches.
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APPENDI X | - Reviewers’ comments

Listed below are the paraphrased comments by revgeaf a draft of this report and the authors’
replies.

Reviewer #1
1) Thank you for the opportunity to review the 09 rgpd read it and did not find anything to comment |
found it very thorough and very informative.

Reviewer#2
Title
Summary
Introduction

Methods
1) Page 7 - Question regarding the term “grossedtrapsy? dissection? | am not familiar with thisrte

“Grossed” or “grossing” are abbreviated forms ajgg examination, which is the process by whichgiaty

specimens are inspected with the naked eye torobiagnostic information, while being processedftother
microscopic examination. The word “grossed” wedaced with “gross examination” in the text.

Results
2) Page 26 - Use the chloromyxum description belowem@hloromyxum is first described.
‘Chloromyxum sp. was differentiated from P. mindbids by its elongated plasmodium and locatiorhimit
the Bowman'’s capsule and tubule lumen (rather tiagular trophozoites within the vasculature of the
mesangium)’.
Moved the description to appear when Chloromyxumnissfirst described on page 23.
3) Page 24-25, Table 6 & 7 — Keep date format condistéh other tables.

Table 6 & 7 formatting changed to month/day foringt{i.e., 5/12), consistent with other histologples.

4) Page 27 — any specific lesions (in referendeléwobacterium columnaréndings).
Lesions were observed in gill tissue — edited dasf to “gill lesions”.
5) Page 38 — What are these P values from, therensembion of statistics in the methods.
The lead author neglected to include the statistieghods in the document sent to reviewers. Siedl methods are

described in the Methods section, and appropréatevthere needed. Reviewers 2 and 3 were askeyitw the
statistical methods in a second review, prior tmpfetion of the final draft.

6) Minor edits for sentence structure, spacing, amdlisg were corrected per Reviewer's comments.

Discussion
7) One overall comment is regarding the use of prexaless. incidence, | know you defined the two i@ th
Methods, but they seem to be used interchangealtheidiscussion.
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Prevalence and incidence of infection definitioresevprovided in the Methods section as followsevptence of
infection (defined as cases of disease presengi@ea timg and incidence of infection or disease (definethas
frequency of occurrence over a period of time oottfie population as whdle For discussions regarding a weekly
infection level or trends over a partial period q@uising the entire sampling period (i.e., the moottiMay) prevalence
is used. In the discussion section, incidenceésluo describe the overall frequency for a disgmoup of fish or sub-
population (i.e., CWT Chinook, or fish collectedtiwn one reach), or for the population as a whoteafinual
comparisons. Discussion section was reviewedfopgr usage, and edited as appropriate to thefgpeata and
content being addressed.

Reviewer#3

Title
Summary

1) Page 2 - There should be a space betw€enahd “shastd andP. minibicornis
Corrected spacing for all referencestoshastaandP. minibicornis
2) Page 2 - What does “CWT" stand for?

Specified abbreviation for coded-wire tagged (CWilijirst occurrence.

Introduction
3) Page 3 - “coho is not capitalized, but “Chinooktapitalized.

Checked and corrected all capitalization for rafees to Chinook and coho.

Methods
4) Page 4- Any way to label the map with the reactes8dAlso the print on this map is small and diffi¢o
read...can the print be made larger, or maybe juatg@sthe whole map?

The map was enlarged and reach labels added.

Results

Discussion
5) Page 37 - It seems interesting that infection isatewer in K2 than in K4, since K2 is downstreafikd. |
realize this isn’'t new information, but since tlighe discussion section, are you interested pothesizing as
to the cause? Is it simply that habitat for them®is less abundant/available/suitable, or dosgmpect a
different mechanism?

Stocking (2006) found the reaches below IGD mofecitious for Chinook than lower reaches such aspfitnarily

due to polychaete habitat and abundance in theriggotion of the Klamath River. | think the larggrestion may be s
whether proximity to polychaete habitat/abundasca $tronger factor in assessing disease riskgk@osure period in
the main stem (for example IGH Chinook sampledh@lbwer reaches are presumed to have experieongdrl
exposure periods than TRH entering lower in then)iv The report discusses the cyclical naturerevgence data for
mixed origin Chinook, as newly infected fish ertteg main stem, migrate through reaches, and incutafity. While
this is not a mechanism per se, several studies Wrerified expected mortality levels for multipentperature regimes,
including those that constitute a “typical riveryé&for outmigrant Chinook (i.e., 15-18°C in Jund)he Chinook we
sample in K2 are a mixed origin population, inchglhatural production from tributaries, and théuxrfof TRH
Chinook entering below the TR confluence. Themfee cannot discern spatial exposure (initial expwseach or
number of reaches) or temporal exposure (how lbag have been in the main stem). The fact thaisKizlow K4
does not necessarily mean we’d expect to see higfeativity down river, especially over a distarafe~80 river miles
(the upper limit of K2 (RM66) and the lower limit K4 (RM144)). We rely on marked Chinook, with knowesidency
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time in the main stem and reach recapture locatmprovide data about spatial and temporal expopariod as it
relates to observed disease status.

6) Page 37- In reference to the following statemdntsummary, natural fish experienced earlier infett and
high C. shastancidence of infection in both the upper Shast&dott (K4) reach and the lower Trinity to
Estuary (K1) reach by both QPCR and histologicahgs in 2009.” — What do you think might be thesegu

Environmental conditions, such as drought cond#tiover the past three years and the subsequerticedin annual
flows, may be associated with the increase diseasdence we observed in natural fish in 2009, al as the
increasedC. shastancidence observed in the lower Trinity to Estu@}) reach. The specific environmental factors
involved, and how they relate to disease suscdiptibare beyond the scope of this report.

7) Page 38 - In reference to the following statem&beratomyxa shastacidence of infection by histology
(33%) was the highest observed in mixed origin Gbknfor this reach, since monitoring studies wergated
in 2004.” - Care to hypothesize on a cause?

The objectives of this study are to examine pagasitidence in natural and hatchery Chinook salthaing juvenile
migration, and compare disease status to previody years to provide disease status trends. tagksdsabove,
environmental factors associated with drought @uliced flows may play a role in increased diseasdénce,
however analysis of these factors are beyond theesof this report.

8) Page 39 - In reference to the following statememhe higher incidence df. shastanfection in marked TR
Chinook in 2009 was statistically significant comgmito the 3% level observed in 2008 (P=0.0003)thad
% level in 2006 (P=0.0047), but not significant wlewmmpared to the 14% in 2007 (P=1.0). - The %
differences and corresponding P values don’'t maksesto me...perhaps your sample sizes are dranhatical
different?

TR-CWT sample size does vary by year, dependingvaiiability of marked Chinook collected in the fity
confluence to Estuary (K1) and Estuary (KO) reacH&asmple size has ranged from 76 CWT Chinook b62the
smallest sample set, to the largest sample si282fn 2007. A pair wise chi square analysis ef2009C. shasta
incidence of infection, compared to previous yeartsdence data, found a statistically significamdeen compared to
both 2008 and 2006 incidence data. Howe@eratomyxa shastimcidence in 2007 of 14% was not significant
compared to 2009.

SampleYear | C. shasta Prevalence Statistically Significant P Value

(Per cent Positive) (Pair wise chi sguare)
2009 14/109 (13%)
2008 8/257 (3%) Yes (2009-2008) P=0.0003
2007 46/332 (14%) No (2009-2007) P=0.8501
2006 176 (1%) Yes (2009-2006) P=0.004Y

Technical support documentation for the statisticdtware GraphPad Prism 5.0 states the P valuerggenl by
Fisher's Exact Student’'s Test can be more precissrhall sample sizes, however P value differeacedrivial for
large sample sizes (chi square is appropriatedsetitases). A second statistical analysis waasing Fisher Exact
Student Test to verify the accuracy of P valuesgged by the initial pair wise chi square analysisher’'s Exact
Student Test gave the following P values for pagevanalysis o€. shastancidence of infection in TRH CWT
Chinook: P =0.001 (2009-2008); P= 1.0 (2009-2007= 0.0048 (2009-2006). While the P valuesgated by each
method are slightly different, there was no chaingée statistical significance reported for paisevannual
comparisons between study years.
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APPENDIX 11
Assay Threshold foParvicapsula minibicorniQuantitative Polymerase Chain Reaction (QPCR)
assay

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

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

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

There is an important difference between appanmavabence, as determined by any diagnostic test,
and true prevalence of disease in an aquatic arpomllation.

True prevalence can never really be known for aufajon, unless all animals in the population are
tested, and the testing method is 100% accurageaue tests are never 100% accurate, it is
important to fully validate diagnostic tests, arse the knowledge about how a specific test
performs to interpret the test results appropyaia the study objectives.

For theParvicapsula minibicornigPm) assay, dynamic range and reliable endpoint defssay
sensitivity. To assess these parameters, QPCRsaseag performed using serial dilutions of Pm
plasmid DNA, with known copy number, and DNA extextfrom naturally infected kidney tissue
(confirmed clinical infection by histology). Theligble endpoint was determined by examining the
standard deviation of the CT values of 4 replica¢#ls. 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., Guideddd?ming Relative Quantification of Gene
ExpressionWww.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 agonteary 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 standdeViation values are chosen to establish the assay
positive threshold, a small proportion of falseipes samples would be included in the prevalence
data set (Type | error). For the Klamath monitgnmmogram, we have followed the instrument
manufacturer’'s recommendation regarding assaytlibl@so 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 termischsease risk, or in reporting the overall prenake

of infection for this parasite. TH&mM QPCR assay positive threshold precludes falseipesest
results from the apparent prevalence data andftreris conservative in estimating the true
prevalence of disease in this aquatic animal pojona

48



