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SUMMARY

Juvenile Klamath River Chinook salmdarcorhynchus tshawytscha) were assayed by quantitative
polymerase chain reaction (QPCR), and histologyrfiection with the myxosporean parasites
Ceratomyxa shasta andParvicapsula minibicornis from April to August, 2011. The seasonal prevaéenc
of C. shasta by QPCR in Chinook salmon collected above theifiriRiver confluence during the peak
migration period (May-July) was 17%, the same aseoled in 2010P. minibicornis in Chinook

salmon above the Trinity River confluence for thene period was 48% compared to 66% in 2010. The
prevalence o€. shasta below the Trinity River was 16% by QPCR for samspellected June-August

in the lower basinP. minibicornis prevalence of infection below the Trinity Rivemélmence for the

same period was 43% by QPCR.

In coded-wire tagged (CWT) Iron Gate Hatchery (IGHiinook salmon screened by QP@Rshasta

was detected in 14% of fish examined. The higleshasta prevalence of infection (39%) occurred in
the IGH-CWT Chinook salmon residing 5 Weeks at Hip€WAL) post hatchery releas€eratomyxa
shasta was detected in 4/49 (8%) of marked Trinity Rit#atchery (TRH) Chinook salmon sampled in
the Klamath River. In summary, baoth shasta prevalence of infection by QPCR in mixed origirdan

Iron Gate CWT Chinook salmon indicate that infeityiwas similar to that observed in 2010 (17%) and
relatively low compared to previous monitoring $&s(2006-2009). Environmentally, 2011 consisted
of a manipulated pulse flow of approximately 4000ic feet per second (cfs) in early February as wel
as a cooler than normal climatic year. Springsundmer river temperatures were lower than expected,
and numerous precipitation events in the basiraswed cooler temperatures well in to June. Theezool
river temperature and increased flows likely reduite density of actinospores present in the water
column, which resulted in reduced exposure, andesyent lower infection prevalence in out-migrating
Chinook salmon.
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INTRODUCTION

Two myxozoan parasite€eratomyxa shasta andParvicapsula minibicornis, share vertebrate

(salmonid) and invertebrat®anayunkia speciosa) hosts and have overlapping distributions througho
the Pacific Northwest (Ching and Munday 1984; Haffter et al. 1988; Hendrickson et al. 1989;
Bartholomew et al. 1997; Kent et al. 1997; Joned.€2004; Bartholomew et al. 2006, Stocking et al.
2006). Ceratomyxa shasta andP. minibicornis are distributed throughout the Klamath River system
including the lower reaches of the Williamson amiggue Rivers, Agency Lake, Klamath Lake, Copco
Reservoir, and the Klamath River from Iron Gate Darthe estuary (Hendrickson et al. 1989; Stocking
et al. 2006; Bartholomew et al. 2007; Stocking Badtholomew 2007). The polychaete worm,
Manayunkia speciosa, is most abundant in the Klamath River in an apga@imately 60 river miles
(RM) extending below Iron Gate Dam to Seiad Valldgnayunkia speciosa populations release an
infective actinospore stage into the water coluwimere the parasite infects juvenile Chinook salmon
(Oncorhynchus tshawytscha) that are rearing in, or emigrating through, gestion of the mid Klamath
River. Klamath River Chinook salmon can experieig prevalence and severity of infection with
these two myxosporean parasites, particularly whem temperatures promote early proliferation and
maturation of polychaete populations (Bartholomewdbtt 2010, True et al. 2011). Ceratomyxosis in
juvenile Chinook can cause significant mortalitP{30%) when warm river temperatures in late spring
(15-18°C) are coupled with low flows that favor yaflaete worm proliferation and maturation. Warmer
temperatures also hasten disease progression whtniiish host when other factors are constant yUde
1975, Bartholomew & Foott 2010).

An annual metric fo€. shasta prevalence of infection by histology (above thaify confluence and
during the peak migration period of May to Julyflaoncurrent QPCR screening has been used to
provide year to year comparisons of infection plewee. Prevalence infection by histology has ranged
from 15-54% and 17-49% by QPCR in study years 2806L (Table 5, page 21Rarvicapsula
minibicornis prevalence of infection can be quite high, witfeation prevalence rapidly rising to 100%
by May or June in a typical year. Seasdnhahinibicornis prevalence has ranged from 48-91% in the
same 2006-2011 time period (data not shown in Tabl&/hile the majority of fish are dual infected
with both parasitesC. shasta is the most significant parasite in terms of dalidisease and associated
mortality observed in both natural and hatchergiarChinook salmon in the Klamath River.

The objectives of this study were: 1) exam@ehasta andP. minibicornis prevalence in Iron Gate
Hatchery (IGH) and Trinity River Hatchery (TRH) @bk salmon prior to and post hatchery release;
2) examine the parasite prevalence in the juveBliimook salmon population within specific river
reaches and throughout the spring out-migratiorodeB) compare parasite prevalence in 2011 to
previous years; and 4) examine the diagnostic peaga of other significant pathogens in moribund
Chinook salmon in select reaches.

METHODS

In 2011, changes were made to the sampling effattlaerefore study design of the Klamath River Fish
Health Monitoring program:



1) The Iron Gate to Shasta River reach (K5) wassaotpled this year by QPCR, due to the relatively
low prevalence o€. shasta observed in this reach historically and the closeimity to Iron Gate
hatchery.

2) Histology sampling was limited to the Shast&tott reach (K4) and the Trinity River confluenoe t
Estuary reach (K1). QPCR sampling in all reactuegicued and will replace histology as the annual
metric of parasite prevalence of infection (PORdifor comparisons between study years.

3) Only subsets of fish from each reach were tefgte. minibicornis, as prevalence of infection is
often quite high (reaches and sustains 100%) ichleay fish. Kidney tissue fd?. minibicornis testing
was collected from all fish, however only represéine samples from each reach were assayed by
QPCR.

Sample Sites, Fish Groups and Number Sampled

Fish were collected in the Klamath River from beloan Gate Dam (Klamath River Mile [RM] 190) to
the Klamath River Estuary and on the Trinity Ribetween Lewiston Dam (Trinity RM 111) and the
Trinity River confluence with the Klamath River @hath RM 43). Klamath and Trinity Rivers were
divided into sample reaches at major tributarie#) gtudy cooperators collecting fish in each reach
(Figure 1, Table 1). When possible, existing salid@ownstream migrant trapping sites were utilized
for collection, but beach seining was requireddiieve the desired sample size in some weeks.

Klamath River Fish Health Monitoring Project
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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 River to Sanon River (K3), Salmon River to Trinity River confluence (K2),
Trinity River to Estuary (K1), Klamath River Estuar y (KO). Trinity River sites: Pear Tree and Willow Creek rotary
screw traps.

4



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
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 Teb
Trinity to Estuary (K1) Klamath 44-4 Yurok Teb
Klamath Estuary (KO) Klamath 4-0 Yurok Tribe
Trinity River
Upper — Pear Tree Rotary Trap (T2) Trinity 94 Hoopa Tribe
Lower - Willow Creek Rotary Trap (T1)  TriniBl USFWS and Yurok Tribe

All fish collected from the two rivers are categex into three sample group types based on their
origin: natural, unknown and coded wire tagged.Xadi origin” Chinook refers to any or all group
types as a whole, i.e., results for all fish cdkelcin a particular reach, or for the entire samgpBeason.
The sample group types are defined below.

Natural: Chinook salmon collected early in the slmgpseason (April-May) prior to hatchery
smolt releases.

Unknown: Unmarked Chinook salmon collected aftéchery release, undifferentiated fish
could be natural or hatchery origin.

Coded wire tagged (CWT): Hatchery Chinook marketth\ain adipose fin clip and implanted
with a coded wire tag before release.

Additionally, a pre-release exam of hatchery Chinfuy C. shasta andP. minibicornis infections
was performed before fish were released: forty figine sampled from the IGH on 16 May, and 62
fish were sampled from TRH on 19 May. Trinity Ri\éatchery volitionally releases
approximately 1.5 million fall Chinook and approxately 1.3 million spring Chinook salmon each
year: in 2011 this occurred from June 1-15. Ir@aie3Hatchery releases approximately 5 million
fall Chinook salmon in late May to early June: 211 the release date was Juné.2after

hatchery Chinook were released, the study focusezhpture and testing of CWT fish, to assess
parasite loads in relationship to Weeks At LargeA(\W

Fish numbers tested in the Klamath River varieddagch, with emphasis on natural fish in the reaches
below Iron Gate Dam initially, then hatchery CW3Hifor the remainder of the spring/summer
migration period. In the Trinity River, we samplé@ upper and lower watershed at rotary screvstrap
(RST) located at Pear Tree Creek and Willow Cr&akilar to the Klamath River sampling, effort
focused on natural fish initially, then CWT markeatchery Chinook as they emigrated through the
lower Klamath reaches, and finally in the KlamatkeR Estuary. Significant recapture effort for CWT
Chinook salmon occurred in the Klamath River betbe Trinity River confluence and in the Estuary in
the latter half of the study (Table 2).



Table 2. Number of fish sampled for QPCR testing p Klamath River reach (reach code) and sampling wée
Supplemental samples for histology (H) were colleetl in the Shasta to Scott reach (K4) and in the Tity R. to
Estuary reach (KO0).

Collection | Sample ShastaR.to| ScottR.to | Salmon R.to | Trinity R. Klamath R.

Week Date Scott R. Salmon R. Trinity R. to Estuary Estuary
(K4) (K3) (K2) (K1) (KO)

1 4-Apr

2 11-Apr 10 (H10)

3 18-Apr 10 (H10)

4 25-Apr 10 (H10)

5 2-May 10 (H10) 10 10 9

6 9-May 10 (H10) 10

7 16-May | 10 (H10) 10 10 10

8 23-May 10 (H10) 10

9 30-May 10 (H10) 10 10

10 6-Jun 10 (H10)

11 13-Jun 10 (H10) 10 10

12 20-Jun 10 (H10) 19 19 (H10)

13 27-Jun 20 (H10) 10

14 4-Jul 15 (H10) 10 20 20 21 (H10

15 11-Jul 3 (H10) 25 20

16 18-Jul 1 (H10) 30 20 20 10 (H10

17 25-Jul 20 10

18 1-Aug 10 10 10 20 (H10)

19 8-Aug 10 10

20 15-Aug 7 16 (H10)

Heads from any marked IGH or TRH Chinook salmormveced were tracked with unique identification
numbers; the CWT codes were read by the USFWS &kiah and Wildlife Office (AFWO). The date
each group of CWT Chinook salmon was released thenhatchery and date of recapture was used to
assess temporal infections levels in individudl fiy comparing parasite load to Weeks at Large.
Releases at TRH are volitional and occurred frodarde through 17 (9 June was used as the mean date
of release) and IGH released all Chinook on Jurfe 23

Parasite Infection Levels by Quantitative PCR Assay

Fish tested by QPCR were euthanized, placed iastiplbag labeled with date and reach, and frazen i
the field. In the laboratory, fish were thawed kftength was measured, clinical disease signs eabtat
and necropsy performed to collect intestine andéydissues fo€. shasta andP. minibicornis testing,
respectively. The entire intestine and kidney freech fish were removed and combined into a single
well of a 96 well plate. Tissue samples were thhemdn at -20 °C until DNA extraction was performed.

Combined intestine and kidney tissues were digestedhight in 100uL MagMAX Proteinase K Buffer
containing 100 mg/ml proteinase K (Applied Biosyssg Foster City, CA) at 55°C with constant
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shaking. A subsample of digested tissue homogevadediluted 1:10 in molecular grade water, then
1:10 in MagMAX Multi-Sample DNA Lysis Buffer (Appdid Biosystems, Foster City, CA) for a final
dilution of 1:100. The diluted tissue homogenates extracted in a 96 well magnetic bead sample
processing system (Applied Biosystems MagMAX Exgs@8 Magnetic Particle Processer). Extracted
DNA was stored at -20°C until the QPCR assays werformed.

Samples were assayed in Real Time PCR SequencetiDetBystems (SDS) using probes and primers
specific to each parasite. The combined tissues tested foC. shasta 18S rDNA using TagMan Fam-
Tamra probe and primers (Hallett and Bartholome®62®n the 7300 Sequence Detection System
(Applied Biosystems, Foster City, CA). Separatétg combined tissues were testedRominibicornis
18S rDNA utilizing TagMan Minor-Grove-Binding (MGB)robe and primers (True et al. 2009) on the
StepOne Plus Sequence Detection System (AppliesiyBiems Foster City, CA). Reaction volumes of
30uL, containing plL DNA template, were used for both assays undefdth@ving amplification
conditions: 50°C for 2 min.; 95°C for 10 min; 4@€k®s of 95°C for 15s and 60°C for 1 min. Plasmid
standards, extraction control and no template cb(WTC) wells were included on each assay plate.

Cycle threshold (@ values were calculated using SDS software (7308 $1.3.1, StepOne SDS v. 2.0
Applied Biosystems) and a standard curve to transfd G values to parasite DNA copy number.

Histological Assays

Fish tested by histology were euthanized and plac@&avidson’s fixative within 2 minutes of
euthanasia. Fish were held in fixative for 24-48is0Fish tested by histology were rapidly euthaaiz
and placed in Davidson’s fixative and held for Blhburs. The fixative was replaced with 70% ethanol
for storage until the gross examination and higfiolal processing were performed. Each histological
cassette contained kidney, intestine, and 1 tdl Blgments. Specimens were processed fan5

paraffin sections and stained with hematoxylin aasin (Humason 1979). All tissues for each fish
were placed on one slide and identified by a unmuaber code. Each slide was examined at 40X to
400X magnification.

Histological rankings of ‘clinical disease’ incluti@ pathology score: a numeric index of disease
severity for kidney and intestine. The pathologyreaoes not affect the overall prevalence of itndec
reported for histological assessments, but provadegmeric index of the disease state in sample
groups. Pathology score is based on the degrgeeoifie tissue abnormalities and parasite distrdyut
(0 = normal, 1= focal, 2 = multi-focal, and 3 =fdge distribution) listed in Table 3. A kidney
pathology score was calculated by summing the swioeach kidney lesion (interstitial hyperplasia,
necrotic interstitium or tubule, interstitial grdoma, glomerulonephritis, and protein casts withie
glomeruli or tubules). The mean kidney pathologyreavas reported for each collection group to
demonstrate severity of disease. Similarly forititestine, the sum of lesion scores (lamina peopri
hyperplasia, necrotic epithelium / sloughing, nécrmuscularis) was used to calculate a collection
group’s mean intestinal pathology score.



Table 3. Parasite abbreviations and tissue abnorntities 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

Ichthyophthirius 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

Statistical Analysis and Terms Used

Prevalence of infection and annual prevalence riddfbelow) forC. shasta and P. minibicornis are
reported with 95% confidence intervals (denotedarieach sample reach. Prevalence of infection is
used to describe ratios of infected Chinook salmumerator) in the sample (number of animals
examined) for a calendar week. Annual prevalencsésl to describe the overall prevalence of inbecti
for the sampled population for the period of onlerdar year. Definitions of the two terms usedase
follows (Durfee 1978, USFWS Fish Health Policy FVBY.1

Prevalence of infection (also referred to pointvatence): Number of cases of a disease which
are detected in a populatiaha designated point in time. This is usually expressed as a ratio
where the numerator is the number of cases detat&g@oint in time and the denominator is
the sample from a population from which the caseewdrawn.

Annual prevalence (also referred to as period peeca): Measures the total number of cases
known to occur during a given period. Period pleree is often mislabeled as incidence data
because the factor time enters into it. Howeveshould be noted that incidence describes only
new cases in a specified population, andrequires knowledge of when the animals became

infected to determine the rate of infection (incidence dttate).



RESULTS

Pre-release Exams of IGH and TRH Chinook Salmon

Light infections ofC. shasta were detected by QPCR in 7.5% (3/40, ci = 2-20¢nook salmon
sampled 16 May at IGH, prior to hatchery releaBee G values for the three positive samples ranged
from 37.8 to 38.4 and corresponded to very low sitgaopy numbers (3.9 to 6.1 DNA copy numbers
respectively). This detection Gf shasta, near the detection threshold of the QPCR assdicated a
very low exposure level to this parasite and wadnicative of a disease state (active or clinical
infection). Infections oP. minibicornis were not detected by QPCR in pre-release Chinalvhan
sampled at IGH. NeitheZ. shasta nor P. minibicornis were detected by QPCR in TRH Chinook
salmon pre-release exams.

Parasite Prevalence of Infection by Origin of FistfSampled

In 2011 we examined a total of 838 Chinook salmaliected from the Klamath and Trinity Rivers,
consisting of 279 natural fish, and 559 fish cdkelcafter hatchery release which included 436 CWTs.
Coded wire tagged Chinook account for 52% of ahh ampled in 2011. Natural fish account for 33%,
and 15% of the fish are of unknown origin (unmarketthery fish or natural) (Figure 2).

Natural Production Chinook Salmon

Natural Chinook salmon represent early infection
status forC. shasta andP. minibicornis, as river
temperatures are generally 8-10°C cooler in the
months of April and May compared to the peak
hatchery salmon migration period of June-July.
A total of 190 natural fish were sampled above the —
Trinity River confluence (K4, K3, and K2) from 15 33%
April through 22 June, an@. shasta was detected
by QPCR in 19% (37/190, ci = 14-26%) compared
to 9% (5/58, ci = 3-19%) of fish sampled below th
Trinity confluence (K1 reach) and within the
Estuary (KO) (Table 4). Comparatively,

P. minibicornis POI in natural Chinook salmon
sampled above and below the Trinity confluence
was 41% (70/170, ci = 34-49% and 26% (10/38,

= 13-42%) respectively. Figure 2. Proportion and origin of Chinooksalmon
collected and sampled fo€Ceratomyxa shasta (Cs) testing.

Proportion of Chinook sampled for Cs
by origin
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Historically, the prevalence of infection f@r shasta is lower below the Trinity River confluence, due
to lower disease incidence in the Trinity River gaared to Klamath River, and accretion of flows
resulting in lower actinospore concentrations mlttwer reaches (K1 and KO).



Unknown Origin Chinook Salmon

As described in the methods, unknown origin Chinakunmarked fish collected after hatchery
release that cannot be differentiated from eitlaural fish or unmarked hatchery fish. A total 6ffssh

of unknown origin were collected in the upper Kldmeeaches from 27 June through 8 August. Below
the Trinity River confluence, a total of 29 fishuwiknown origin were collected in the Estuary (K@)

23 June through 8 July. An additional 38 fish wesepled in the Trinity River, for a total of 123Hi
sampled in 2011 (Table 4).

Marked (CWT) Chinook Salmon

A total of 188 CWT Chinook were sampled in the uggkeamath reaches from 28 June through 8
August. An additional 123 CWT Chinook were samptethe lower Klamath reaches from 6 July
through 19 August. And 125 fish were sampled inTheity River, for a total of 436 fish sampled in
2011.

Prevalence o€. shasta infections in CWT Chinook salmon, sampled aboweThnity confluence was
14% (27/188, ci =10-20%). Below the confluenCeshasta POl was 18% (22/123, ci = 7-17%) (Table
4). Prevalence d®. minibicornis infection in CWT Chinook salmon sampled aboveThaity River
confluence was 63% (53/84, ci = 52-73%) and 60%3@&i = 42-77%) below the Trinity River
confluence. Prevalence data for Coded-wire tagtfgdook salmon, and analysis of Weeks at Large
data, is discussed in further detail in a sepaatéion of the report.

Mixed-Origin Chinook Salmon

A total of 434 mixed origin Chinook were sampledhe upper Klamath reaches from 15 April through
8 August. A total of 210 mixed origin Chinook wesampled in the lower Klamath reaches from 4 May
through 19 August. An additional 194 fish were skdpn the Trinity River, for a total of 838 fish
sampled in 2011.

Prevalence o€. shasta infections in mixed-origin Chinook salmon, sampédabve the Trinity

confluence was 17% (73/434, ci =13-21%). BelowdbefluenceC. shasta POl was 16% (33/210, ci
=11-21%) (Table 4). PrevalenceRfminibicornis of infection in mixed origin Chinook salmon
sampled above the Trinity River confluence was 4823/254, ci = 42-55%) and 43% (39/90, ci = 33-
54%) below the Trinity River confluence. As desedhin the methods section, the mixed-origin sample
group consists of natural, unmarked fish of unkn@ngin, and CWT Chinook salmon. Histological
assessments were performed on random, but sepaiaésl-origin fish collected from the same reach
and location as fish tested by QPCR (Appendix Ajl@daAl-A4).
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Table 4. C. shasta prevalence of infection in mixed-origin Chinook byfish origin (Natural, Unknown Origin, and
CWT) and reach in which fish were collected in th&Klamath River.

Shasta to Scott to Salmon to TR to Estuary
Scott (K4) Salmon (K3) TR (K2) Estuary (K1) (KO)

Natural Chinook salmon — Sampled 15 April through 2 June
C. shastat/ N 22/110 9/40 6/40 5/58 NC
C. shasta 20% (13-29) | 23% (11-39) 15% (6-30) 9% (3-19) NC
Percent
Positive

Unknown Origin Chinook salmon (unmarked) — Sampled27 June through 8 August
C. shastat+/ N NC 5/32 4/24 NC 6/29
C. shasta NC 16% (5-33) 17% (5-37) NC 21% (8-40)
Percent
Positive
CWT Chinook salmon — Sampled 28 June through 19 Augpt
IGH-CWT 2/35 5/70 15/71 10/24 7141
C. shastat/ N
C. shasta 6% (0.70-19) | 7% (2-16) 21% (12-32) | 42% (22-63) | 17% (7-32)
Percent
Positive
TRH-CWT ND ND ND 2/28 2/21
C. shastat/ N
C. shasta ND ND ND 7% (0.88-24) | 10% (1-30)
Percent
Positive
Unreadable 1/4 1/3 3/5 0/5 1/4
CWT
ALL CWT * 3/39 6/73 18/76 12/57 10/66
C. shasta+/ N
C. shasta 8% (1-21) 8% (3-17) 24% (15-35)| 21% (12-34) 15% (36)
Percent
Positive
Mixed Origin Chinook (Natural, unknown/unmarked and CWT) — Sampled 15 April
through 19 August
C. shastat+/ N 25/149 20/145 28/140 17/115 16/95
C. shasta 17% (11-24) 14% (9-21) 20% (14-28) 15% (9-23)] 17%0126)
Percent
Positive

Key: N=Total sample nhumber, ND=Not done (reachsastpled), NC = Not collected (reach was sampledubmarked
fish were not collected in the defined time peridercent positive is reported with 95% confideimterval in parentheses.
! Note: All CWT includes 21 CWT Chinook salmon winicad unreadable tags (no tag or unreadable tag).cdtherefore
IGH and TRH CWT sample sizes (shown in gray hidftligg) are slightly smaller than the All CWT fig@rgiven.
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Parasite Prevalence of Infection by River Reach

Prevalence of. shasta infection in all Chinook salmon sampled in the idkth River was 16%
(106/644, ci = 4-20%) compared to the annual mefrit7% (restricted to above Trinity confluence and
May-July peak immigration period). Prevalence wigihést in K2 at 20%, followed by K4 and KO both
at 17%. Lowest prevalence was seen in K3 at 14%u(Ei3).

Prevalence ofP. minibicornis infection in mixed origin Chinook salmon sampladhe Klamath River
was 47% (162/344, ci = 42-53%). Prevalence wasdsigim K3 at 62%, followed by KO at 55%. Lowest
prevalence was seen in K1 at 33% (Figure 3).

0,
100% B Cs+

90% OPm+

80%

70%

60%

50%

40% ..............

Cs and Pm POI

30% ..............

20% ——

114 70
0% 70 39 44

K4 K3 K2 K1 KO

Figure 3. Prevalence ofCeratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection in juvenile Klamath
River Chinook salmon by capture reach. Sample nundrs collected are displayed at the bottom of eacloleimn for
both pathogens.

12



In the Shasta to Scott (K4) rea€h,shasta was detected by QPCR in 17% (25/149, ci =11-24P%) o
mixed-origin Chinook salmon which consisted priryaof natural fish. Prevalence peaked at 60% in
late June and was last detected in this reach%tiB3nid-July. IGH Chinook salmon were released on
June 2% (Figure 4). In the natural fish subset colledtethis reach (15 April to 22 Junéj, shasta
was first detected in mid-April, and then was netedtted until four weeks later in mid-May.
Ceratomyxa shasta prevalence of infection in natural fish was 20%/1240, ci =13-29%). Generally
natural fish have lowet. shasta POI, due to the lower river temperature when tlisteare sampled
(Apr-May). In terms of parasite load within the pdggion, the DNA copy number observed in fish
confirmed that infection levels were lower in haohfish released (mean of 15 copies) later in the
season, than in natural fish (mean of 45 copiaspsad in May-June of 2011. Generally this trend is
opposite due to cooler river temperatures whenrabfish are sampled. Histologicallg, shasta was
only detected in 2% of fish, and detected on 925 tay, and again on 11 July.

In the Shasta to Scott rea¢h,minibicornis was detected by QPCR in 41% (47/114, ci = 32-54£0)
mixed-origin Chinook salmon (Figure 4). Infectiorepalence reached 100% by mid-May, and
decreased to 70% in late May and early July. Atetie of July the prevalence had again peaked to
100%.Parvicapsula minibicornis POI in natural fish was similar at 40% (36/90=&0-51%).
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Figure 4. Weekly prevalence oCeratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection by QPCR in
juvenile Klamath River Chinook salmon captured in K4 reach on the Klamath River (Shasta River to ScotRiver).
Sample numbers collected and tested faZeratomyxa shasta each week are displayed at the bottom of each cofn,
while sub-sample numbers foP. minibicornis are listed in the sample table in Appendix C.C. shasta was not detected
on 11 Apr, 25 Apr, 2 May, 9 May, 23 May, 27 May, 23un, and 18 Jul. Bold arrow indicates IGH FCS retase date.
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Fifteen weekly histology collections occurred betwd 1 April and 18 July for a total of 150 specimen
(Figure 5 and Appendix A, Table A1-A4). Collectigroups between 11 April and 22 June were of
natural origin while the 27 June to 18 July specisnere considered of mixed origBoth natural and
mixed origin salmon had low (2 and 3%) prevalenic€.shasta infection. In contrast®. minibicornis
infection of the kidney and metacercarial infectadrihe gill increased in the natural salmon begigni
in late May. The kidney pathology score and gith&lar hyperplasia also increased with time (Figure
and Appendix A). Kidney pathology scores are cosrgd low given the 6 — 8 range seen in clinically
affected salmon in 2009. The influence of the I@kase on infection data was suggested by the zero
prevalence observed in the first potential mixadinrsample taken on 27 June. B&hminibicornis

and metacercaria infection prevalence and diseasedased over time. Another commonly observed
abnormality was steatitis (inflammation of the s fat) in approximately 40-50% in both natunadla
hatchery populations (Appendix A, Table Al).
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Figure 5. Weekly prevalence of infection foParvicapsula minibicornis (Pm POI %) and mean pathology score (Path
Score) by histology in juvenile Klamath River Chinak salmon captured in the Shasta to Scott (K4) re&c
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Scott R. to Salmon R. reach (K3)

In the Scott to Salmon readB, shasta was detected by QPCR in 14% (20/145, ci = 9-21Miged-
origin Chinook salmon (Appendix B). Infection préstace was first detected in late May at 50%, and
ranged from 40-50% throughout June. The prevaldecesased sharply to 12% in July and remained
low for the remainder of the sampling period (Fegg). ComparativelyC. shasta POI in natural fish
(collected 5 May to 15 June) was 23% (9/40, ci =32%) in this reach.

In this reachP. minibicornis was detected by QPCR in 61% (43/70, ci = 49-73Miged-origin
Chinook salmon. Infection prevalence was first diete at 100% in late May, and remained at 100%
through mid-June. The prevalence decreased to A@arly July and reached 100% two weeks later
(Figure 6).Parvicapsula minibicornis POI in natural fish sampled in this reach was §2@840, ci = 34-
66%0).
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Figure 6. Prevalence oferatomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection by QPCR in juvenile
Klamath River Chinook salmon captured in K3 reach a the Klamath River (Scott River to Salmon River). Sample
numbers collected and tested foCeratomyxa shasta each week are displayed at the bottom of each catm, while sub-
sample numbers forParvicapsula minibicornis are listed in the sample table in Appendix CCeratomyxa shasta was
not detected on 2 May, 16 May, 25 Jul, and 1 Aug.

Histology sampling was not performed in this reach.
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Salmon R. to Trinity R. reach (K2)

In the Salmon to Trinity reacky. shasta was detected by QPCR in 20% (28/140, ci = 14-28P0)
mixed-origin Chinook salmon. Infection prevalencaswow (10%) in the samples collected in May,
peaked in mid-June and mid-July at 40% and incceasAugust to 50% (Figure 7). In contrast to the
larger mixed-origin groupC. shasta POI in natural Chinook salmon, collected 3 Ma8June, was
15% (6/40, ci = 6-30%).

In the Scott to Trinity reach?. minibicornis was detected by QPCR in 47% (33/70, ci = 35-5986) 0
mixed-origin Chinook salmon. Prevalence reached 89%nid-June, decreased to 30% in early July,
then rose steadily from early July (30%) to midyJdl00%) (Figure 7).P. minibicornis POl in natural
fish, collected 3 May to 23 June, was 35% (14/4624-52%) in this reach.
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Figure 7. Prevalence oferatomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection by QPCR in juvenile
Klamath River Chinook salmon captured in K2 reach a the Klamath River (Salmon River to Trinity River). Sample
numbers collected and tested foCeratomyxa shasta each week are displayed at the bottom of each catm, while sub-
sample numbers forParvicapsula minibicornis are listed in the sample table in Appendix CCeratomyxa shasta was
not detected on 2 May, 27 Jun, and 4 Jul.

Histology sampling was not performed in this reakldiagnostic examination was conducted in the
Salmon to Trinity (K2) reach on 11 July. Moribuno/¢nile Chinook captured in the Big Bar rotary
screw trap and beach seine were examined for dstignoformation. There was a low percentage of
moribund fish in the catch with the leading causiedisease being lamprey wounds (69%, 6/9, ci = 30-
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93%) and columnaris (22%, 2/9, ci =3-60%, Apperd)xNeitherC. shasta or P. minibicornis were
associated with morbidity.

Trinity R. to Estuary reach (K1)

In the Trinity River to Estuary reac@, shasta was detected by QPCR in 15% (17/115, ci = 9-22f46) 0
mixed-origin Chinook salmon. Infection prevalemneas low throughout most of the sampling period
(10%-16%), peaked at 80% in early August, and themmmeased to 43% on the last sample date of 15
August (Figure 8)Ceratomyxa shasta POI in natural fish sampled in this reach (4 Ma4 May) was
expectedly lower at 5% (2/39, ci = 0.63-17%).

In the Trinity River to Estuary reacR, minibicornis was detected by QPCR in 33% (15/46, ci = 20-
48%) of mixed-origin Chinook salmon. Infection padance rose steadily in May (11-60%) and peaked
at 71% in the last subset tested on 15 August (Ei§u In natural fish, POI was 26% (10/39, ci = 13
42%).

Trinity River Confluence to Estuary
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Figure 8 . Prevalence o€eratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection by QPCR in juvenile
Klamath River Chinook salmon captured in K1 reach a the Klamath River (Trinity River to the Estuary). Sample
numbers collected and tested foC. shasta each week are displayed at the bottom of each cotm, while sub-sample
numbers for P. minibicornis are listed in the sample table in Appendix CCeratomyxa shasta was not detected on 9
May, 16 May, and 18 Jul.
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Five histology collections occurred between 20 Jame 15 August for a total of 50 specimens (Figure
and Appendix A, Table A2). We considered thesmealto be of mixed hatchery and natural origin.
Ceratomyxa shasta trophozoites were first observed in 10% of 20 Jeslkection group, and peaked at
30% on 18 July (Figure 9). Overall prevalenc&oshasta detected by histology was 14% (7/50, ci = 6-
27%).Parvicapsula minibicornis trophozoites were seen in 68% (34/50, ci = 33-8&f4ish collected
(Figure 10). Prevalence peaked at 80% on 15 Auty, avpathology score of 2.4. Kidney changes of
affected fish included glomerular nephritis, intgi@ hyperplasia, and tubular necrosis.

Inflammation of visceral adipose tissue (steatitias a common observation (prevalence 60%). Gill
sections had a 67% prevalence of metacercaria (3&#9, ci = 53-80%) that was associated with
epithelial and cartilage hyperplasia (Figure 1Wulti-focal hyperplastic regions of gill epitheliumere

a common observation (80% POI) and not always &ssacwith metacercaria.
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Figure 9. Bi-weekly prevalence of infection folCeratomyxa shasta (Cs POl %) and mean pathology score (Path Score)
by histology in juvenile Klamath River Chinook salnon captured in the Trinity River confluence to Estary (K1)
reach.
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A diagnostic examination was conducted in the TyiRiiver to Estuary reach on 02 August. Moribund
salmon collected by beach seine were diagnostieatiyuated (Appendix D). Columnaris and
metacercarial gill infection were the leading caugkemorbidity.

Klamath River Estuary (KO)

In the Klamath River Estuary (KO) rea€hshasta was detected by QPCR in 17% (16/95, ci = 10-26%)
of mixed origin Chinook salmon. Prevalence peakesr a two week period to 19% on 4 July, which
included the first IGH CWT recovered from the EsyuaPrevalence decreased to 0% in mid-July, and
C. shasta was detected again on 1 August at 25% and rea&&18édby the end of the sampling period.
(Figure 12).

Parvicapsula minibicornis was detected by QPCR in 55% (24/44, ci = 39-70PA)iged origin

Chinook salmon. Prevalence of infection decreased @ 5 week period (50%-33%), peaked at 100%
on 1 Aug, and then was undetected on the last wktle sample periodRarvicapsula minibicornis

POI in fish of unknown origin was 50% (9/18, ci 6-24%) and similar to the larger mixed-origin

group.

Histology sampling was not performed in this reach.
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Figure 12. Prevalence o€eratomyxa shasta (Cs+) andParvicapsula minibicornis (Pm+) infection by QPCR in juvenile
Klamath River Chinook salmon captured in KO reach a the Klamath River (Estuary). Sample numbers cobéicted
and tested forC. shasta each week are displayed at the bottom of each cohm, while sub-sample numbers for
Parvicapsula minibicornis are listed in the sample table in Appendix C. Samgp collection started the week of 20 June,
therefore C. shasta was not detected on 18 July.
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Marked (CWT) Chinook Salmon

The 25% constant fractional mark rate at Iron Géchery (Buttars and Knechtle, 2009) has permitted
the capture of a large proportion of IGH CWT Chik@almon in the past three years of the monitoring
study. A total of 311 CWT Chinook salmon were eolkd this season in the Klamath River. IGH CWT
fish accounted for 77% (241/311) and TRH CWT fishaunted for 16% (49/311) of all coded wire
tagged fish collected (21 tags or 7% were unre&)aBWT Chinook provide a method of assessing
temporal myxozoan infection level at weeks postinaty release.

Historical data folC. shasta infection of IGH and TRH CWT detected by QPCR aiglology are given
in Table 5. Histology has been utilized as the métr annual comparisons of disease prevalenda (da
confined to above the Trinity confluence and frdra sampling period May-July). Concurrent testing
with QPCR provide€. shasta POI data, quantitative assessment of parasitevidtadh the fish in
various reaches including the Estuary, and detersnanrelationship in CWT Chinook between WAL
and infection intensity. We will transition to QP@Rta as the annual metric for the monitoring paogr
in 2011 due to the higher sensitivity by this mekiar early and/or low-level parasite infectionglan
ability to quantify parasite levels in fish. Suepiental histology will still be performed for selec
reaches to assess tissue damage associated witialatiisease.

Table 5. Historic annual prevalence ofCeratomyxa shasta infection (% positive), as diagnosed by histologgnd

QPCR, in juvenile Chinook salmon collected from th&klamath main stem between Iron Gate Dam and Triniy River
confluence during May through July, 1995-2011. 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 Hatchery Chinook salmon (positive/total, (percent positive)ollected
below the Trinity R. confluence (K1) and estuary (k).

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
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%)
2011 2° 17 22/176 (13%) 4/49(8%)
Average 25% 32% 25% 9%
(SE) (7) (6) (10) (2)

1 NS= Not Sampled or QPCR data (2005) was not standiired as in subsequent study years. Only TR CWT Ghook
salmon were assayed by histology in 2002.(shasta POI of 19%)

2 Histology was limited to 2 reaches in 2011: Shasta Scott (K4) and Trinity confluence to Estuary (KL).
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Iron Gate Hatchery

Coded wire tagged salmon from IGH were collectedhf28 June to 19 August. The largest proportions

of IGH CWT Chinook salmon were recovered from tlgetSRiver to the Salmon River (K3) and the

Salmon River to the Trinity River confluence (KEidure 13).

Ceratomyxa shasta was detected in 16% (39/241, ci = 12-32%) of madk&H Chinook salmon
screened by QPCR and 13% (22/176, ci = 8-18%) bFGEWT collected above the confluence of the
Trinity River. C. shasta POl was highest in Chinook salmon recovered frioenTirinity River
confluence to Estuary reach (K1) at 42% (10/24; 22-63%).Ceratomyxa shasta POl was low (<7%)
in the upper reaches (Shasta to Scott and Sc8#ltoon) in 2011. A similar trend of low€r shasta
POI in the upper reaches was reported in 2010.
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Figure 13. Ceratomyxa shasta prevalence of infection (POI) by QPCR in Iron GateHatchery CWT by reach in which
marked Chinook salmon were recovered from. Whiskes indicate 95% confidence interval; sample numbersollected
and tested forC. shasta each week are displayed at the base of each colunahile sub-sample numbers for

Parvicapsula minibicornis are listed in the sample table in Appendix C.

Parvicapsula minibicornis was detected in 68% (66/97, ci = 58-77%) of mark&d Chinook salmon
screened by QPCR and 64% (50/78, 95% ci = 52-75%18-CWT collected above the confluence of

the Trinity River.
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IGH CWT - Weeks At Large

Iron Gate Hatchery

Ceratomyxa shasta parasite load, as determined by parasite DNA cogber, was highest in IGH
CWT Chinook salmon residing for 5 weeks post hatghelease, or WAL (Figure 14). The average
parasite copy number for infected fish was ~ 625e&®when prevalence of infection was over 30%.
However, the highest me#&h shasta DNA copy number of 625 was low compared to leveésasured
from clinically moribund fish: which correlates +®6,000C. shasta DNA copy number or a{value of
approximately 25 (True unpublished data).

Parasite levels df. shasta in IGH CWT increased in the 3 WAL group, followby a decrease in the 4
WAL group, while the prevalence remained relatiely. A second rise in parasite numbers occurred
in the 5 WAL group, followed by a sharp decreasBMNA copy number in the 6 WAL group. The large
rise in parasite number, followed by rapid decreasggests that highly infected Chinook salmon are
dropped out of the population between 3-4 and 5. \WNote that whileC. shasta POI remained
moderate at 33-36% in the 6-7 WAL group, the ps&gaipy number was negligible indicating low
level infections in these fish. Sample size for BMivas notably small (3 fish) and only one of these
three fish recovered was positive farshasta. But the trend holds true at 7 WAL with a samgilee of
14 fish. We observed a similar pattern in 2010 eatha bimodal peaks in parasite DNA copy number at
3 WAL, and then again at 5-6 WAL. The peak at thweeks post release is highly supported by
sentinel and prognosis studies that demonstratethporal pathology/mortality associated with

shasta at river temperatures common to the Klamath attime of year.
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Figure 14.Ceratomyxa 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 all Chinooksalmon tested by QPCR.
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The relatively low parasite infectious load obseri@ C. shasta in IGH CWT did not appear to hold
true forP. minibicornis POI at WAL. ForP. minibicornisin IGH-CWT Chinook salmon the parasite
load was the highest for 3 WAL and consisted oapiée copy numbers above 22,000 copies (Figure
15). Prevalence of infection is high (95-100%3ji, and 5 WAL; however the parasite infectiouwsdlo
decreased after 3 WAL. We observed a lag betwepdhk of the parasite infectious load and infectio
prevalence. This could be explained by new fistobeng infected in 4 and 5 WAL, which would
decrease the parasite load but increase POI to 100%

100% —2 19 . B2 \3\\ 7 "
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Figure 15. P. minibicornis prevalence of infection in IGH CWT by Weeks At Laige (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 for all Chimok salmon tested by QPCR.
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Trinity River Disease Monitoring

Upper Trinity River (T2)

In the upper Trinity River reach (T2}, shasta was detected by QPCR in 1% (1/83, ci = 0.03-7%) of
mixed-origin Chinook salmon. The one positive sawés a natural fish collected 27 April with a C
value of 38.4 and corresponds to a very low paasipy number (3.8 DNA copy humbers
respectively).

In the upper Trinity River reack, minibicornis was detected by QPCR in 4% (1/26, ci = 0.10-20P%6) o
mixed-origin Chinook salmon. The one positive samphs a fish of unknown origin collected 17 June
with a G value of 36.0 with a DNA copy number of 161.

Histologically, two weekly collections occurred 88 April and 23 May for a total of 20 samples
(Appendix A, Table A3). Both collection groups weansidered of natural origin given TRH releases
started on 1 Jun@arvicapsula minibicornis trophozoites were seen in 15% of the fish collg¢8220 ci

= 3-38%). The pathology score for both kidney aralihtestinal tract in T2 were zero. A presumptive
amoeba infection of the intestine was seen in @klay sample (Figure 16).

5 v*.

Figure 16. Presumptive amoeba infection of TrinityR. Chinook intestinal epithelium.
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Lower Trinity River (T1)

In the lower Trinity River reach (T1§;. shasta (0/111) andP. minibicornis (0/10) were not detected by
QPCR or histology in mixed-origin Chinook salmorowever,Chloromyxum infection of the kidney
(15%) and glochidia infection of the gill (25%) wedletected in histology sections from both the 23
May and 01 August collections.

Ceratomyxa shasta was detected in 2.4% (4/166, ci = 0.6-6%) of tlegkad TRH Chinook salmon
screened by QPCR. Parasite DNA levels (mean of ~86pi@s) were higher than those seen in IGH
Chinook salmon due to two fish with high parasttads that had been residing for 10 WAL upon
recapture in the Trinity to Estuary reach. The RO WAL was 50%.

Parvicapsula minibicornis was detected in 17% (2/12, ci = 2-48%) of all neafRRH Chinook salmon
screened by QPCR. The two positive fish were ctdtkat 10 WAL. The POI for 10 WAL group was
50%, but the sample size was notably small withtal ©f four fish collected. Similar 1G. shasta in

TRH CWT Chinook salmon, the parasite load was Kigban of 4200 copies). Therefore, the same two
fish had high parasite loads for b@hshasta andP. minibicornis.

TRH CWT - Weeks At Large

Trinity River Hatchery

In the Trinity River (T1, T2)C. shasta was not detected. Historicall§, shasta POI of TRH CWT fish
in the lower reaches of the Klamath River is lotvemn fish released from IGH because they are not
exposed to the infectious zone of the Klamath R{¥able 5).

CWT salmon from TRH were collected from 17 Junetigh 18 August in the Trinity River and 6 July
to 19 August in the lower Klamath River. The latga®portion of Trinity River Hatchery CWT
Chinook salmon were recovered from the Willow Crestlary screw trap in the lower Trinity River
reach (T1), accounting for 57% (94/166) of all TRM/T.

In marked TRH ChinookC. shasta was detected in 2% (4/166, ci = 0.7-6%) of alire@h screened by
QPCR (compared to Table 5 which is restricted toehe Trinity River confluenceleratomyxa
shasta POl was similar in Chinook salmon recovered frow Trinity to Estuary reach (K1) at 7%
(2/28, ci = 0.88-24%) and the Estuary reach (KA)Q&b (2/21, ci = 1-30%) (Figure 17).

Parvicapsula minibicornis was detected in 17% (2/12, ci = 2-48%) of mark&HTChinook salmon
screened by QPCR.
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Figure 17. Ceratomyxa shasta prevalence of infection (POI) by QPCR in Trinity River Hatchery CWT by reach in
which marked Chinook salmon were recovered from. Wiskers indicate 95% confidence intervals. Sampleumbers
collected and tested forC. shasta CWT are displayed at the base of each columiCeratomyxa shasta was not detected
in the Trinity River (T1 and T2 reach).

Environmental Conditions

Temperature
In previous study years, we typically observed terafures above 18°C (and often as high as 22°C)

approximately one month earlier than occurred ih120For the past two years, we have observed
cooler air as well as river temperatures in thenkdéh River than in previous years (2006-2009). In
2011, river temperatures in May and June ranged r0-19°C below Iron Gate dam. From late June to
early September river temperatures were consigtexdr 18°C (Figure 18). A similar trend was seen
downstream, 60 RM, at Seiad valley. Temperatures Vesv in May and June (10-17 °C) and reached
over 18°C in early July (Figure 19).
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Figure 18. Mean daily temperature below Iron GateDam for 2009, 2010, and 2011. Temperature data
acquired from Arcata Fish and Wildlife Field Office.

24

19

14

Temperature °C

4

Mean daily Klamath River temperature - Seiad Valley

A A NS 0 10 DL LA, 300 % A 10 05 B oty 600 g 5o

Date

Figure 19. Mean daily temperature from March through September 2011 at Seiad Valley. Temperature data
acquired from Arcata Fish and Wildlife Field Office.
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River Flows

Klamath River flows increased from approximatelYp)@@&ubic feet per second (cfs) to over 4000 cfs as
a manipulated pulse flow event in February 201@{Ffé 20). The Bureau of Reclamation increased
flows on the Klamath River from Iron Gate Dam tmé#t coho salmon as part of the 2010 National
Marine Fisheries Service (NMFS) Biological Opinidine flows ramped up to 4000 cfs for
approximately 6 hours and then slowly ramped dawapproximately 2000 cfs. The most significant
increase in river flows occurred just downstreanraf Gate Dam and occurred from noon to midnight
on February 9, 2011. (BOR press release:
http://www.usbr.gov/newsroom/newsrelease/detaild®@cordiD=35085).
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Figure 20. 2011 Pulse Flow, Feb 9-10, from belowoh Gate Dam. Data acquired from USGS waterdata.usgygov.

This 2011 pulse flow was the highest manipulated fevent since 2006 (Figure 21), however natural
precipitation events in 2011 were higher than thisgflow in both magnitude and duration. Flows
were above 3000 cfs from approximately mid-Marcmid-June in 2011 (Figure 22). Weather
conditions in 2011 produced not only higher rivemfs than typically observed in the Klamath River,
but river mean and daily maximum temperatures \atse lower for the majority of the period of
juvenile emigration (May to July). In 2010, we@lsbserved decreased river temperatures for an
extended period into May and Jureeratomyxa shasta POI, above the Trinity confluence from May to
July, was similarly one of the lowest levels (178bserved during the past 6 years of the juvenile
Chinook monitoring studies.
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Figure 21. Daily discharge below Iron Gate Dam 2@32011. Data acquired from USGS waterdata.usgs.gov.
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Figure 22. Daily discharge below Iron Gate Dam fron Nov 2010 to September 2011 (Provisional data fromid-June
through September. Data acquired from USGS waterdat.usgs.gov.
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DISCUSSION

The prevalence df. shasta andP. minibicornis infections in juvenile Chinook salmon have been
monitored in fish health studies in the KlamathdRigince 2004 (Nichols and Foott 2006; Nicholslet a
2007; Nichols and True 2007; Nichols et al. 200@ieTet al 2010). Histological assessment.odhasta
POI in Chinook salmon captured above the TrinitydRiconfluence has been the metric used to
compare annual disease prevalence in the Klama#r RAnnual comparisons are limited to May
through July: the peak juvenile Chinook salmon muiigin period for Klamath River Chinook salmon
(Leidy & Leidy 1984, Wallace & Collins 1997). Hadbgical assessments, along with complimentary
QPCR assays, provide a degree of temporal andhkpdtirmation for prevalence of infection over the
20 week study period, and for specific reachefi@eftlamath River within the “infectious zone”.
Temporal data is also derived from CWT Chinook sadnwith known exposure periods based on
hatchery release and in-river recapture dates (¥/dekarge). Spatial data is provided as weekly
prevalence of infection in the major reaches oftamath River, as juvenile Chinook salmon migrate
towards the estuary.

Infectivity patterns folC. shasta infections are well defined for native Klamath inasalmonid species.
At river temperatures commonly observed (17-24#Ghe Klamath River during peak juvenile Chinook
salmon migration, there is generally a three weskog from initial parasite exposure to development
of clinical disease that results in moderate tdheyels of mortality. This infectivity pattern ©iaeen
established through sentinel susceptibility stu@@zstholomew 2010, Bjork and Bartholomew 2010,
Stone et al. 2008, True et al. unpublished datd)aaamual monitoring of CWT Chinook salmon with
known exposure periods in the main stem Klamatlkl{dls and Foott 2006, Nichols et al. 2007,
Nichols and True 2007, Nichols et al. 2009, Trual€x010). This infectivity pattern is usually @pent

in the majority of reaches as a bimodal distribuiio bi-weekly prevalence of infection data: natur
Chinook salmon sampled prior to hatchery releamad,in mixed-origin Chinook salmon collected from
June to August. Thi€. shasta infectivity pattern is also observed in Iron Gel@chery CWT Chinook
salmon, Weeks At Large data.

Despite well-defined infection patterns for Klam&tiver salmonids, predictions for quantitative
myxozoan disease impacts on the population leeetidificult to make in an actively emigrating
juvenile Chinook population particularly when emrimental factors, such as river temperature and
flows, influence disease progression and sevehty. ceratomyxosis, the primary factors for thé fis
host include: species and individual fish suscdptil{Zinn 1977, Buchanan 1983, Ibarra et al. 1992
Bartholomew 1998,), parasite exposure dose (freqyuand duration) (Ratcliff 1981, Bjork &
Bartholomew 2009b), and water temperature (Ray. @041, Udey et al. 1975, Bartholow 2005).
Temperature is extremely important in regulatirslp fimetabolism (immune response and energy
metabolism), as well as polychaete and parasiteldpment (Ratcliff 1983, Foott et al. 2004,
Bartholomew 2006, Meaders and Hedrickson 2009)inMem and tributary flows influence
polychaete abundance and maturation, and the déyerasite infection within the worm ( Bjork and
Bartholomew 2009b, Stocking et al. 2006,) as wellnaigration behavior of juvenile Chinook salmon
(timing, rate, utilization of tributaries and/ohermal refugia) (Harmon et al. 2001).
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In 2011,C. shasta prevalence of infection detected by histology @&sand QPCR was 17%.

Histology was limited to select reaches and theeei®not representative of the overall Chinook
population sampled during the peak migration perawaf fish sampled above the Trinity River
confluence. QPCR data will replace histology asiamual prevalence of infection metric in future
monitoring studies as it offers two important adeges of higher sensitivity to early or low level
infections and a quantitative assessment of parkesiels within the fish. We will continue to
supplement QPCR testing with histology for key hess; such as the Shasta to Scott (K4) and Triaity t
Estuary (K1), and also to utilize the strengthhi$ assay to assess tissue damage leading toaselise
state in juvenile Chinook salmon.

In the Shasta to Scott (K4) reach, we primarily gea natural fish due to the later release of [Eate
Hatchery fish (23 June) that occurred in 2011. Natiish are sampled in cooler months (Apr-May) and
therefore are generally expected to have lowerds@rogression/prevalence compared to hatchery
Chinook sampled in June and July. Normally we olesarbimodal distribution df. shasta POI in
natural and hatchery fish, but the natural compbheoomes masked once IGH releases 5 million
smolts in late May to early June. In 2011, we wadske to observe the true peak of natural Chinook
infection that occurred 20 June (60%) as well aspibak for hatchery Chinook that occurred 11 July
(33% at 3 WAL). IGH Chinook actually had low€r shasta POI than natural fish in 2011, despite
sampling later in the seasderatomyxa shasta POI by histology was also clearly bimodal with kea
in pathology scores occurring on 20 June (natuhah@k) and 18 July (3 weeks post IGH Chinook
releases).

In the Scott to Salmon reach (K8), shasta was first detected in late May; POI increased¢é0%
through June, and then decreased sharply to 12ZMlyrfollowing hatchery releaseSeratomyxa shasta
POI remained low for the remaining 4 weeks of samgpihat occurred in this reach, which is normally
highly infectious. In the Salmon to Trinity confluge reach (K2) reacks. shasta POl was 20% and
closely resemble@. shasta POI in adjoining reaches. Bimodal distribution veggparent for natural
Chinook with a peak.. shasta POI on 13 June, and 18 July for hatchery ChindoW@AL). In the

Trinity River confluence to Estuary (K1) reach,shasta POl was low (15%) throughout the sampling
period of May- July. Only on 1 Aug and 15 Aug digyalence of infection rise to 80% and 45%
respectively. Prevalence Gf shasta in this reach often is indicative of the time regd for this parasite
infection to fully develop as clinical disease iwgnile Chinook (rather than indicative of infedtyv
occurring within the reach itself). The reductiorQ. shasta prevalence of infection in 2011 was not
simply a result of delayed disease onset, as wereed previously in 2006 and 2008 monitoring
studies, but rather represents both a reductigraisite abundance in the environment and infection
levels within juvenile fish. Histology confirmeddtonset, and IoWZ. shasta prevalence of infection
(14%) as well as low severity of infection for fisaptured in this reach. The observed peak of tiviec
in early to mid-August was at least one month ld#tan normally observed in emigrating juvenile
Chinook and pathology scores observed (0.5) wenglowy.

Coded-wire tagged Chinook comprised 52% of all §ampled, and provide our best source of
infectivity data regarding fish groups. CWT fishtivknown residence period post hatchery release
showed a similar trend of low infectivity and infen prevalence in 201 Ceratomyxa shasta IGH

CWT prevalence of infection, as well as parasifedtion load (DNA copy number) was highest at 5
WAL. Prevalence remained moderate in the followiegeks, while parasite infection load was minimal.
We observed a similar pattern in 2010 data withdalai peaks in parasite DNA copy number at 3
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WAL, and then again at 5-6 WAL. The peak at threeks post release is highly supported by sentinel
and prognosis studies that demonstrate the tempatiablogy/mortality associated wi@ shasta at

river temperatures common to the Klamath at tihnetof year. The second peak at 5 WAL is more
difficult to assess. It is possible that fish capd at 6-7 WAL may have reared in the tributaaed

then out-migrated to the Klamath River main stetarlghan their cohorts. Past monitoring of tribytar
Chinook salmon has shown negligil@deshasta infections in fish that do not rear in the Klamathin
stem. If subsets of juvenile Chinook truly are neguin tributaries and migrating to the Estuargefat

than their cohorts, this produces a complex epidiagical picture for the basin’s Chinook salmon
populations, with regard to main stem exposureoplés).

TheC. shasta POl was 14% above the Trinity River confluence 48&% below (K1 reach). Normally,
the Trinity River has a moderating effect @nshasta prevalence of infection for two reasons: non-
infected TRH Chinook may be included in fish sard@@d Trinity River flow accretions dilute the
concentration of infectious actinospores in theawablumn. It is notable that the trend was not
observed 2011C. shasta prevalence of infection above the confluence (14%@ below (18%) appears
to be similar, or possibly reversed. Because ridisal are randomly collected from rotary screwpsa
t-tests to assess POI differences between reache@®Bappropriate. Also, the recent findings (past
years) of higlC. shasta spore concentrations near Tully Creek may notsushis trend of lower
infectivity below the Trinity River confluence imiure monitoring studies.

Ceratomyxa shasta prevalence of infection observed in Klamath Rjuenile Chinook corroborated
Oregon State University's water testing results2oi 1, where the majority of sampling sites were
found to have less than 1 spore/L concentratioriseinfectious stage present in the water colutma (
exception was Tully Creek). Past OSU studies lugveonstrated an exposure dose of ~ 10 spores/L
results in significant (>50%) mortality in 72 hagentinel fish. Sentinel studies conducted abo\e/8e
Creek in June 2011 resulted in mortality of 17%Hfineld at 18°C post exposure) which is much lower
than typically observed in sentinel exposures iatitidex site (Bartholomew et al. 2012). Other
supportive evidence of reduced myxozoan infectigitgd disease prevalence was observed for
Parvicapsula minibicornis, which was at notably lower prevalence in 2011, nagdrom 41-61%
depending on reach, compared to 80-100% in previtastoring years (2006-2010).

2011 marked the second consecutive year wheretatiieavironmental conditions in the Klamath basin
were quite favorable for juvenile Chinook in teroferatomyxosis. In 2010, we observed reduced
river temperatures and subsequently ©vghasta prevalence of infection (17%). In 2011, river
conditions were characterized by reduced air aret temperatures, in addition to a manipulatedeouls
flow of ~ 4000 cfs in February, followed by contimuleeavy precipitation and high flows (>3000cfs)
that extended well into mid-June. The resulting meaer temperatures were below 14°C through mid-
June, did not reach 18°C until the end of June vaeré typically 2-4 degrees below average
temperatures for the basin through the end of JNlgt only was the prevalence ©f shasta infection

low, but the actual parasite levels within fish evéawer in DNA copy number, even in the most
infectious reaches below Iron Gate Dam.

River temperatures and flows are both importansharations in assessing disease impacts on jevenil
Chinook salmon in a given study year. In 2006, Wwseoved that a large precipitation and flow event
shifted the disease onset and peak by approxim2t8lweeks towards the later migration period.
However,C. shasta prevalence of infection decreased temporarilythedverall annual prevalence of
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infection was not substantially lower in 2006 comgub2007 when no significant flow events occurred.
Despite a 3 week later release date in 2011, jlevéd@H Chinook salmon experienced low&rshasta
infection levels in all reaches sampled and loweatual prevalence of infection than previously
observed. It is apparent that reduced river tentpegs, coupled with higher and sustained flows syM
to June of 2011 produced beneficial conditiongdeenile Chinook salmon.

Cooler spring/early summer temperatures and hifignes through mid-June, likely reduced the number
of polychaetes, the number of actinospores releasdtie effectiveness of the spore in attachindy an
proliferating within the fish host. 2011 represeh&s environmental year where both temperature and
flows were favorable for Chinook salmon, compa@@Q@10 where temperature alone appeared to
reduce disease prevalence significantly. It wilifteresting to see how disease prevalence istatfen
future years where one or both of these key enmental variables (cooler river temps and increased
flows) are in play; and if we can discern and begigquantify which environmental factor is more
important in disease development and mortality.
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APPENDIX A — Histological Summary Table

Table Al. Parasite prevalence of infection (POI) ahtissue (no. positive / total (%)) and pathologyore for kidney and intestine observed in histologial
sections of juvenile Klamath River Chinook salmon gllected from the Shasta to Scott reach (K4). Colégion dates are reported as Monday of given week.
Period prevalence (POI) is also reported for the rarral, unknown origin, and mixed origin groups (all).

4/11 4/18 4/25 5/02 5/09 5/16 5/23 5/30 6/06
Kidney
Pm Troph. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 1/10 (10) 1/10 (10) 3/10 (30) 5710 (50) 8/10 (80)
Pm Myxosp. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0)
Metacercaria | 1/10(10) | 1/10 (10) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0)
C. shasta troph. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0)
Chloromyxumsp | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0)
Pathology Score 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.40
Intestinal tract
C. shasta troph. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 1/10 (10) 0/10(0) 1/10 (10) 0/10(0) 0/9(0)
C. shasta myxosp. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/9(0)
Helminth | 0/ 10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/9(0)
Pathology Score 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00
Adipose steatitis | 1/9 (11) 2/7(29) 317 (43) 2 /4 (50) 410 (40) 410 (40) 418 (50)
Adipose lipofuscin | 0/9 (0) 0/7(0) 0/7(0) 0/4(0) 0/10(0) 0/10(0) 0/8(0) 2/9(22)
Liver C. shasta ND ND ND ND ND ND ND 0/9(0)
Gill
Ich | 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/9(0) 0/10(0) 0/10(0) 0/10(0)
Glochidia | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/9(0) 0/10(0) 0/10(0) 0/10(0)
Miricidia | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/9(0) 0/10(0) 0/10(0) 1/10(10)
Metacercaria | 0/ 10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 1/9(11) 2/10 (20) 1/10 (10) 4/10 (40)
Invasive C. shasta | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/9(0) 0/10(0) 1/10 (10) 0/10(0)
Multif. Hyperplasia | 0/ 10 (0) 0/10(0) 0/10(0) 0/10(0) 4/ 10 (40) 2/9(22) 410 (40) 2/10 (20) 7110 (70)
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Table Al continued

6/13 6/20 6/27 7/04 7/11 7/18 POI of Natural POI of POI of Mixed
(12 Apr-20 Unknown Origin (all)
Jun) Origin (27
Jun — 18 Jul)
Kidney
Pm Troph. | 9/10(90) | 10/10 (100) 0/10(0) 0/10(0) 5710 (50) 6 /10 (60) 36/110 (33) 11/40 (28) | 48/ 150 (32)
Pm Myxosp. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/110 (0) 0/40 (0) 0/ 150 (0)
Metacercaria | 1/10 (10) 0/10(0) 0/10(0) 2/10 (20) 0/10(0) 2 /10 (20) 3/110 (3) 4140 (10) 71150 (5)
C. shasta troph. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 1/10(10) 0/10(0) 0/110 (0) 1/40(3) 1/150 (1)
Chloromyxumsp | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/110 (0) 0/40 (0) 0/ 150 (0)
Pathology Score 1.00 1.90 0.00 0.00 0.60 1.60
Intestinal tract
C. shasta troph. 0/9(0) 0/10(0) 0/10(0) 0/10(0) 1/10 (10) 0/10 (0) 2/108 (2) 1/40(3) 3/148 (2)
C. shasta myxosp. 0/9(0) 0/10(0) 0/10(0) 0/10(0) 0/10 (0) 0/10 (0) 0/108 (0) 0/40 (0) 0/148 (0)
Helminth | 1/9 (11) 0/10 (0) 0/10 (0) 1/10 (10) 1/10 (10) 4 /10 (40) 1/108 (1) 6 /40 (15) 71148 (5)
Pathology Score 0.00 0.00 0.00 0.60 0.60 0.00
Adipose steatitis | 4 /8 (50) 718 (88) 1/10(10) 2/3(67) 5/6 (83) 4/5 (80) 33/80 (41) 12/24 (50) | 45/104 (43)
Adipose lipofuscin 0/8(0) 1/8(13) 0/10(0) 1/3(33) 0/6(0) 1/5(20) 1/80 (1) 2/24(8) 3/104 (3)
Gill
Ich| 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/109 (0) 0/40 (0) 0/149 (0)
Glochidia | 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/109 (0) 0/40 (0) 0/149 (0)
Miricidia | 0/ 10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/109 (0) 0/40 (0) 1/149 (1)
Metacercaria | 7/10(70) | 10/ 10 (100) 0/10 (0) 6 /10 (60) 5710 (50) 7 /10 (70) 25/109 (23) 18/40 (45) | 43/ 149 (29)
Invasive C. shasta | 0/ 10 (0) 0/10(0) 0/10(0) 0/10(0) 1/10(10) 0/10 (0) 0/109 (0) 1/40(3) 2/149 (1)
Multif. Hyperplasia | 9/10(90) | 10/10(100) | 4/10(40) | 9/10(90) 8/10 (80) 9/10 (90) 38/109 (35) 30/40(75) | 68/149 (46)
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Table A2. Parasite prevalence of infection (POI) ahtissue (no. positive / total (%)) and pathologyore for kidney and intestine observed in histologial
sections of juvenile Klamath River Chinook salmon gllected from the Trinity River confluence to Estuay reach (K1). Collection dates are reported as Maday
of given week. Overall incidence of infection alsmeported.

6/20 7/04 7/18 8/01 8/15 POI
Kidney
Pm Troph. | 6 /10 (60) 7110 (70) 6 /10 (60) 7110 (70) 8/10 (80) 34/ 50 (68)
Pm Myxosp. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/50 (0)
Metacercaria | 0/ 10 (0) 2/10 (20) 5710 (50) 3/10 (30) 2 /10 (20) 12 /50 (24)
C .shasta troph. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10(0) 0/50 (0)
Chloromyxum sp | 1/ 10 (10) 1/10 (10) 3/10 (30) 1/10 (10) 1/10(10) 7150 (14)
Patholog.y Score 0.10 0.90 0.10 1.8 2.44
Intestinal tract
C. shasta troph. | 1/10 (10) 0/10 (0) 3/10 (30) 2/10 (20) 1/10 (10) 7150 (14)
C. shasta myxosp. | 0/10 (0) 0/10(0) 0/10(0) 0/10(0) 0/10 (0) 0/50 (0)
Helminth | 0/ 10 (0) 1/10 (10) 0/10 (0) 2/10 (20) 1/10(10) 4 /50 (8)
Pathology Score 0.00 0.00 0.80 0.30 0.20
Adipose steatitis | 3/7 (43) 410 (40) 5/8 (63) 7/8(88) 2 /2 (100) 21/ 35 (60)
Adipose lipofuscin | 0/7 (0) 0/10 (0) 2/8(25) 2/8(25) 1/2(50) 5/35 (14)
Gill
Ich| 0/9(0) 0/10(0) 0/10(0) 0/10(0) 1/10(10) 1/49 (2)
Glochidia | 0/9 (0) 2/10 (20) 1/10(10) 0/10(0) 0/10(0) 3 /49 (6)
Miricidia | 0/9 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/49 (0)
Metacercaria | 2/9 (22) 9/10 (90) 7110 (70) 8/10 (80) 7110 (70) 33 /49 (67)
Invasive C. shasta | 0/9 (0) 0/10(0) 0/10(0) 0/10(0) 0/10 (0) 0/49 (0)
Multif. Hyperplasia | 4/9 (44) | 10/10(100) | 9/10(90) | 10/10 (100) 6 /10 (60) 39 /49 (80)
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Table A3. Parasite prevalence of infection (POI) ahtissue (no. positive / total (%)) and pathologyore for kidney and intestine observed in histologial
sections of juvenile Klamath River Chinook salmon gllected from the Upper Trinity River (T2) rotary screw trap at Pear tree trap (RM 94). Collection daés
are reported as Monday of given week. Overall incience of infection also reported.

4/25 5/23 POI
Kidney
Pm Troph. | 0/10(0) | 3/10(33) 3/20 (15)
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) 1/10 (10) 1/20 (5)

Pathology Score . 0.00 0.00

Intestinal tract
C .shasta troph. | 0/10 (0) 0/10(10) 0/20 (0)
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 0.00
Adipose steatitis | 0/6 (0) 0/6 (0)
Adipose lipofuscin | 0/6 (0) 0/6 (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)
Multif. Hyperplasia | 0/ 10 (0) 0/10(0) 0/20 (0)
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Table A4. Parasite prevalence of infection (POI) ahtissue (no. positive / total (%)) and pathologyore for kidney and intestine observed in histologial
sections of juvenile Klamath River Chinook salmon gllected from the Lower Trinity River (T1) rotary screw trap at Willow Creek trap (RM 14). Collection
dates are reported as Monday of given week. Overalicidence of infection also reported.

5/23 8/01 POI
Kidney
Pm Troph. | 0/10 (0) 0/3(0) 0/13 (0)
Pm Myxosp. | 0/10 (0) 0/3(0) 0/13(0)
Metacercaria | 1/10 (10) 1/3(33) 2/13(15)
C. shasta troph. | 0/10 (0) 0/3(0) 0/13(0)
Chloromyxum sp | 2/10 (20) 0/3(0) 2/13(15)
Pathology Score 0.1 0.00
Intestinal tract
C. shasta troph. | 0/10 (0) 0/2(0) 0/12 (0)
C. shasta myxosp. | 0/10 (0) 0/2(0) 0/12 (0)
Helminth | 1/ 10 (10) 0/2(0) 1/12(8)
Pathology Score 0.00 0.00
Adipose steatitis | 2/6 (33) 2/6 (33)
Adipose lipofuscin | 1/6 (17) 1/6(17)
Gill
Ich| 0/9(0) 0/3(0) 0/12 (0)
Glochidia | 0/9 (0) 3/3(100) 3/12 (25)
Miricidia | 0/9 (0) 0/3(0) 0/12 (0)
Metacercaria | 0/9 (0) 0/3(0) 0/12 (0)
Invasive C. shasta | 0/9 (0) 0/3(0) 0/12 (0)
Multif. Hyperplasia 0/9(0) 3/3(100) 3/12 (25)
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APPENDIX B — Summary table ofCeratomyxa shasta infection by QPCR in juvenile Chinook salmon sammd from 5 reaches within

the Klamath River and the upper and lower Trinity River. The prevalence (#positive/#sampled) is prestad for each sample reach by
collection week and sample date.

Collection | Sample Shasta R.to| ScottR.to | Salmon R.to| Trinity R. to Estuary Upper Lower
Week Date Scott R. Salmon R. Trinity R. Estuary Trinity R. Trinity R.
1 4-Apr
2 11-Apr 0% (0/10)
3 18-Apr 10 % (1/10)
4 25-Apr 0 % (0/10) 10% (1/10)
5 2-May 0% (0/10) 0% (0/10) 0% (0/10) 11% (1/9)
6 9-May 0 % (0/10) 0% (0/10)
7 16-May 40% (4/10) 0% (0/10) 10% (1/10) 0% (0/10)
8 23-May 0% (0/10) 1% (1/10) 0% (0/11) 0% (0/10)
9 30-May 20% (2/10) 50% (5/10) 10% (1/10)
10 6-Jun 50% (5/10)
11 13-Jun 40% (4/10) 40% (4/10) 40% (4/10 092%D/ 0% (0/20)
12 20-Jun 60% (6/10) 16% (3/19) 17% (2/19
13 27-Jun 0% (0/20) 50% (5/10) 0% (0/10)
14 4-Jul 13% (2/15) 12% (3/25) 0% (0/20) 5% (1/20) | 19% (4/21) 0% (0/20) 0% (0/20)
15 11-Jul 33% (1/3) 7% (2/30) 10% (2/20)
16 18-Jul 0% (0/1) 5% (1/20) 40% (8/20) 0% (0/20) | % @®/10) 0% (0/17) 0% (0/21)
17 25-Jul 0% (0/10) 20% (2/10)
18 1-Aug 0% (0/10) 50% (5/10) 80% *8/10) 25% (5/20 0% (0/20)
19 8-Aug 50% (5/10)
20 15-Aug 43% (3/7) 31% (5/16) 0% (0/20)
K4 Total K3 Total K2 Total K1 Total KO Total T2 Total T1 Total

17% (25/149)

14% (20/145)

20% (28/140)

15% (17/115)

17% (16/95)

1% (1/83)

0% (0/111)
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APPENDIX C — Summary table ofParvicapsula minibicornis infection by QPCR in juvenile Chinook salmon sampd from 5 reaches
within the Klamath River and lower Trinity River. T he prevalence (#positive/#sampled) is presented feach sample reach by
collection week and sample date.

Collection | Sample Shasta R.to| ScottR.to | Salmon R.to| Trinity R. to Estuary Upper Lower
Week Date Scott R. Salmon R. Trinity R. Estuary Trinity R. Trinity R.
1 4-Apr
2 11-Apr 0% (0/10)
3 18-Apr 0% (0/10)
4 25-Apr 0% (0/10) 0% (0/10)
5 2-May 0% (0/10) 0% (0/10) 0% (0/10) 11% (1/9)
6 9-May 0% (010) 30% (3/10)
7 16-May 100% (10/10) 0% (0/10) 0% (0/10) 0% (0/10)
8 23-May 100% (10/10 60% (6/10) 0% (0/11) 0%4.Q)
9 30-May 70% (7/10) 100% (10/10) 50% (5/10)
10 6-Jun 90% (9/10)
11 13-Jun 100% (10/10) 90% (9/10) 20% (1/5)
12 20-Jun 50% (9/18)
13 27-Jun 0% (0/10)
14 4-Jul 70% (7/10) 40% (4/10) 30% (3/10) 40% Q4/1
15 11-Jul 100% (3/3) 90% (9/10) 60% (6/10)
16 18-Jul 100% (1/1) 100% (10/10) 100% (10/10) 32%6)
17 25-Jul
18 1-Aug 100% (9/9)
19 8-Aug
20 15-Aug 71% (5/7) 0% (0/1)
K4 Total K3 Total K2 Total K1 Total KO Total T2 Total T1 Total
41% (47/114)| 61% (43/70) | 47% (33/70) | 33% (15/46) | 55% (24/44) | 4% (1/26) 0% (0/10)
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APPENDIX D — Summary of diagnostic examinations.

K2 — Big Bar rotary screw trap

Summary: Low percentage of catch moribund (<13%h wxkternal lesions a leading cause
Nine moribund or fresh mortalities examined.

K1 — Beach seine

Summary: Low percentage of catch moribund, columeramd gill metacercarial infections leading causemorbidity.
Fourteen salmon examined.

Collection Site Sample| Lamprey | Columnaris Intestine Kidney section with | Gill sections with | Gill with epithelial
Date wound lesion section with P. minibicornis metacercaria hyperplasia
C. shasta
K2 - Big Bar rotary 11-Jul | 67% (6/9) 22% (2/9) 20% (1/5) 60% (3/5)* 6(84b) 60% (3/5)
screw trap and beach
seine
K1 - Beach seine at | 2-Aug | 0% (0/14) | 36% (5/14) 10% (1/10) 40% (4/10)** 36%1(1) 64% (7/11)

Pecwan, Tech tah,
and Blue Creek

* No pathology was associated wRhminibicornis

** 2/10 sections had pathology associated Atiminibicornis
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APPENDIX E - 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. 3 - Introduction: In reference to reporting data from previousigtyears, the reviewer
commented, “Should you only go up to 2010 as yeue@porting on 2011?”

Response: 2011 is included in Table 5 (page 2Wiyécfor comparison to historical data for
annual prevalence of infection.

Pg. 7 — MethodsIn reference to fish sampled for histology, taeiewer commented, “Were
these fish euthanized differently than those fislhected for QPCR?”

Response: No, all fish were euthanized in the saarener (MS-222). It was meant to convey
that histology fish were fixed quickly. Sentenceaed to the following:

Fish tested by histology were euthanized and plac&avidson’s fixative within 2 minutes of
euthanasia.

Pg. 9 — ResultsReviewer commented that the total of number $@mples (by origin) did not

add up.

Response: There were 838 fish total samples (frottm Klamath and Trinity Rivers); 279
naturals, 123 unknown, and 436 CWT. 21 CWT fish Haal unreadable tags, but you are correct
that they need to be included in the total numlbdish sampled. Refer to Table 4 for sample
numbers from the Klamath River. Numbers in sentemceected.

Pg. 10 — ResultsRegarding the Unknown Origin Chinook Salmon settihe reviewer wanted
to know “Why is there no discussion about the R®ditie unknown origin fish?

Response: The POI data for the unknown origin (i$h123 total, N = 85 in Klamth R.) is
reported in Table 4.

Pg. 13 — ResultsReviewer inquired if a mean of 45 DNA copiesasmgderous to native fish
Response:

The authors would not consider 45 copies (or 15esoim hatchery fish) to be ‘dangerous’ and
this was not stated or implied in the text. Thenparison was intended to illustrate that natural
fish had higher levels of parasite present in 20h&n compared to hatchery fish. This is the
opposite of what we observed in all other studyy€2006-2010) because natural fish are
sampled earlier in the season when river tempegsitare cooler, and fish infectivity is not as
high as later in the season when hatchery fishyaieally released (late May to early June).
Lower C. shasta POI in hatchery fish sampled later in the seaBostiates the uncommon
environmental conditions (river temperature, higi@wrs and extended precipitation) that
existed in the Klamath River in 2011.
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Pg. 14 — ResultsReviewer commented that we should report thedgigrathology scores we
refer to in the text.

Response: Pathology scores are reported in Figase2cor less, and the figure number has been
added to the sentence to direct the reader tdithae. Kidney pathology scores are considered
low (Figure 5) given the 6.0 — 8.0 range observdd. minibicornis clinically affected salmon in
2009, and the 3.0-5.0 range observed in 2010.

Pg. 16, 20, 26 — ResultReviewer wants to see statistical analysis wienparing data
between groups.

Response: Fish tested under this monitoring prognamot selected randomly from the out-
migrating juvenile Chinook population, but are ected from Rotary Screw Traps. In order to
use statistics appropriately, the fish must beectdid randomly, or at least have an equal
opportunity to be included in the sample group feested. When we make general
comparisons in the text between fish groups (ngtorixed origin, or coded-wire tagged fish),
or reaches, these are only intended to be des@&iptimparisons of trends observed, not a
statistical analysis between groups or geographicsls.

Pg. 22 — Marked (CWT) Chinook Reviewer commented that the overall POI of CWT is
confusing, “Total Cs POl in CWT Chinook, right?

Then 13 % above confluence, 42% below, but whesxehaa remaining 41fish sampled?”
Response: The 42% POl is prevalence for K1 onlg,ret the prevalence below the confluence.
Cs POl in IGH CWT above is 13% (22/176), and bel®®6% (17/65). Leading to the overall
POI of 16% (39/241).

Pg. 26 — Trinity River Disease Monitoring In reference to the lower Trinity River (T1), the
reviewer suggested that the Pm section needsictdiiin, “The same two fish had high copy
numbers of both Cs and Pm?

Response: Yes, two TRH CWT fish collected in K1 hagh copy numbers for both Cs and Pm.
Sentence restructured:

Parvicapsula minibicornis was detected in 17% (2/12, ci = 2-48%) of all nearkRH Chinook
salmon screened by QPCR. The two positive fish wellected at 10 WAL. The prevalence of
infection for 10 WAL group was 50%, but the samgilee was notably small with a total of four
fish collected. Similar t&€. shasta in TRH CWT Chinook salmon, the parasite load wigf h
(mean of 4200 copies). Therefore, the same twohahhigh parasite loads for both Cs and Pm.

Pg. 29 — Environmental ConditionsWhen referring to natural precipitation in 2011e tleview
suggests clarification is needed when referringrézipitation as higher; “Higher than normal or
higher than the event?”

Response: Higher than the pulse flow event, seatelacified in text.
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Reviewer #2

Pg. 3 - Introduction: Reviewer wanted clarification on what we refeatthe Lower Klamath
River as the term might not mean the same fonualiemces

Response: Changed sentence to inform the readexn¢haere referring to “the Klamath River
from Iron Gate Dam to the estuary.”

Pg. 6 — Methods:In reference to Table 2 the reviewer asked “Dogsri€lude Trinity River
Sampling? | don’t think it does so maybe includether column for Trinity.”

Response: No, K1 does not include the Trinity Ri@ble 2 caption changed to clarify that
Table 2 is only for the main stem of the KlamatkéRi Appendix B includes the sampling
schedule for the Trinity River sites.

Pg. 6 — Methods:In regards to data collection that accompany saspphe reviewer asked if
data should “be done by sample site, capture metmatireach so someone coming back to this
could possibly look at intra-reach or sampling eliéinces?

Response: Yes, data collected with fish includesttesof collection, the collector, and method
of collection if not a RST. Somebody would be ablgo back and look at intra-reach
prevalence by collection site if needed.

Pg. 10 — ResultsIin the_Unknown Origin Chinook Salmon, the revieweuld like to see the
date reported when it is stated that fish “werdéectéd in 2011”

Response: Table 2 and Appendix B outline that$etmpled in 2011 were collected April
through August.

Pg. 14, 24 — Resultdn the Parasite Prevalence of Infection by Riveaéh, the reviewer
commented that there is too much commentary imeblts section and that it should be moved
to the discussion.

Response: A few redundant points were removed thmmesults to discussion, however we feel
that some commentary is needed when the dataigdported to put it in context. We don’t
want to wait until the discussion to bring up a lpeynt illustrated by the data, and presented
many pages earlier, for the first time.

Pg. 33 — Discussionin reference to the section on river temperataceflow, the reader
suggested that we clarify that paragraph and tiferdnces between flow in 2006 and 2011 and
what that meant for disease that year.

Response: The sentence is stating that flow alaghtmot be the only factor contributing to the
reduction in infection prevalence. The 2006 flovertvdid not cause a lower annual prevalence,
whereas the 2011 flow event did reduce annual ficfie@revalence.
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Reviewer #3

Pg. 5 — Methodsin the_Sample Sites, Fish Groups, and Number Sahggetion, the reviewer
asked in reference to fish of unknown origin, “Dmuyuse the CWT fraction to estimate which of
these unknown are natural and which are hatchery?

Response: No

Pg. 8 — Methods:In the_Statistical Analysis and Terms Used sectioa reviewer commented
that the term sample population is confusing bezausample is taken from a population.
Response: The sentence has been changed to madtatdreent clearer.

Pg. 9, 11 — ResultsReviewer commented that throughout the report teng raw data is used a
confidence interval needs to accompany the datelisThe reviewer also added that
confidence intervals should be added to Tablemdke the data easier to compare.
Response: Corrected throughout report.
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