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In 1986 the United States Environmental Protection Agency (EPA) published
“Quality Criteria for Wter 1986" which established criteria reconmendations
for many water quality paraneters and pollutants. Phase | (water quality) of
the Klamath River basin flowrelated scoping study will be preforned using the
EPA, 1986 water quality criteria that specifically apply to the nbst sensitive
anadronous fish species (i.e. salnonids) (Canpbell 1995). These water quality
criteria are presented in Table 1. Each state also has water quality criteria
and/ or standards devel oped for waters within their domains. The California
North Coast Regional Water Quality Control Board's (CNCRWQCB) current

devel opnent of Total Maxinum Daily Load (TMDL) allocations for 18 water bodies
on the North Coast of California represents this type of effort (Canpbel

1995) . Included in the CNCRMXB' s TMDL devel oprent for these 18 water bodies
are four contiguous sections of the mainstem Klamath River in California
(Table 2). In conparison, the EPA's 1986 criteria for sal nonids appear nore

conprehensi ve than the CNCRWQCB's proposed TMDL allocations for the mainstem
Klamath River. However, the CNCRAQCB uses the term 'nutrients' which nmay

i nclude many of the specific paraneters (e.g. ammonia, orthophosphorus, and
heavy netal s) given in the EPA 1986 criteria. \ater tenperature and nutrient
levels are certainly applicable water quality criteria for the Klanath River.
However, the U 'S. Fish and Wldlife Service (Service) is very concerned that
the CNCRWQCB' s proposed TMDL allocations do not include dissolved oxygen (DO,)
concentrations as a standard neasurenent of water quality.

Service concerns are based on several factors including the current status of
coho and steel head popul ations on the Klamath River, past and current |and use
practices in the Klamath basin and their effects on water quality, annual fish
and tenperature nmonitoring data, docunented fish kills, and current water
quality nmonitoring data which indicate that acute and chronic val ues for
tenperature and DO,, as specified by the EPA 1986 criteria for sal monids, are
observed in the minstem Klamath River particularly during some sunmer

peri ods.



Table 1. U S. Environnental Protection Agency, 1986 Criteria for Selected
Water Quality Parameters in the Klamath basin, O egon (USEPA
1986).
Parameter Acute Val ue Chroni c Val ue O her Val ue
Tenperat ure 20°C (1 day) 15°C (7 days)
Di ssol ved Oxygen 5 nyl | 7 nyl|
PH <6.5 & >9.0
Al kalinity Weakly buffered O 75 nu/l
(CaC03)
Total Anmmoni a 0.91 ny/l @pH 9 0.13 mg/l @pH 9
6.80 ng/l @pH 8 1.00 nmg/I @pH 8
23.00 my/l @pH 7 1.49 mg/l @pH 7
Ot hophosphor us 1 my/l 50 ug/l
Cadm um 1.80 ug/l 0. 66 ug/| @50 mg/l CaCo3
3.90 ug/| 1.10 ug/l @00 g/l CaCO3
8. 60 ug/l 2.00 ug/! @00 nmg/l CaCo03
Copper 9. 20 ug/l 6.50 ug/l @50 ng/l CaCo3
18.00 ug/l 12.00 ug/| @00 my/l CaC03
34.00 ug/| 21.00 ug/| @00 ng/l CaC03
I ron 1 no/l
Lead 34.00 ug/l 1.30 ug/l @ 50 ng/l CaCo03
82.00 ug/l 3.20 ug/l @00 rag/l CaC03
200. 00 ug/l 7.70 ug/| @ ny/l CaC03
Manganese 50 ug/|
Mercury 2.40 ug/| 0.12 ug/|
Sel eni um 260. 00 ug/| 35.00 ug/|
Zinc 180. 00 ug/| 47.00 ug/l @50 my/l CaCoO3
320. 00 ug/l 47.00 ug/l @0 ng/l CaC03
570. 00 ug/| 47.00 ug/| @00 ng/l CaC03
On May 6, 1997, the National Marine Fisheries Service (NWS) listed coho

sal non of the Southern Oregon/Northern California Coast Evol utionary

Significant Unit

Feder al

while acknowledging t hat

(ESU)
as a threatened species under the Endangered Species act
Register (FR) No. 87,

24588- 24609) .
"these fish are in serious trouble",

On August 11,

(enconpassi ng popul ati ons of the Kl amath River basin)
(ESA)

of 1973 (62
1997, the NMFS,

deferred for six

months a listing decision on steel head stocks of the Kl amath Muntains

Provi nce ESU.

A common life history strategy of both coho sal mon and

steel head, which is not shared by the majority of Kl amath basin juvenile

chi nook sal non,
not occur until

fish are at

| east one year of age.

is that emigration (downstreammgration to the ocean) does
This extended freshwater




Table 2. U.S. Environmental Protection Agency/North Coast Regional Water
Quality Control Board schedule for the development of Total Maximum
Daily Load allocations covered by the Consent Decree*.

Waterbody Listed Pollutants | TMDL Lead Agency
Completion Date

Klamath River Nutrients 12/31/2004 CNCRWQCB
(Oregon Border to |Temperature
Iron Gate Dam)

Klamath River Nutrients 12/31/2004 CNCRWQCB
(Iron Gate Dam to [Temperature
Scott River)

Klamath River Nutrients 12/31/2004 CNCRWQCB
(Scott River to Temperature

Trinity River)

Klamath River Nutrients 12/31/2004 CNCRWQCB
(Trinity River to |Temperature

the Ocean)

' The schedul e reflects the commitnents made by U.S. EPA in settlenent of a lawsuit (Bacific
Coast Federation of Fishermen's Assn'sV.Marcus) and the requirements of the Consent Decreein
that action to address TMDL devel opnent on 18 water bodies on the North Coast of California. In
addition, the schedule is based on the North Coast regional water Quality Control board's
approved TMDL schedul e of 1995. This schedule does not reflect the conplete adopted 303(d) Iist
for the North Coast region. Forthose rivers not part of the consent decree the TML

conpl etion schedul e remains the sane as was approved by the North Coast Regi onal Board in 1995.

rearing period necessitates that water quality be adequate enough to support life
through the summer period.

Land use over the past 135 years has changed in the Klamath basin. Mining and
logging were the first two major land use changes that affected streams and
rivers throughout the Klamath basin (Klamath River Basin Fisheries Task Force
1991). Irrigated agriculture and livestock grazing followed but the major
development of irrigation and hydropower in the Klamath basin occurred over 50
years ago. Indirect effects, such as nutrient loading, cause changes in the
physical environment that, in turn, can adversely affect Salmonid life stages.
On the mainstem Klamath River, the most obvious result is the luxuriant growth of
aquatic plants and algae in the river channel. The growth of aquatic plants and
algae fosters sediment accumulation that decreases Spawning and rearing habitat.
The growth and respiration cycles of aquatic plants affect D02 concentrations,
especially during the summer months. The relationship between solubility of
oxygen in water and temperature is inversely proportional and is applicable to
the water quality issue here because increasing temperature and lower DO*
concentrations typically occur during the summer months. These naturally
occurring events interact synergistically and can have much greater impact than
either temperature or DO, concentrations alone (Campbell 1995).

Since 1988, the Service"s Coastal California Fish and Wildlife Office (CCFWO) has
annually monitored the springtime emigrations of juvenile salmonids (chinook,
steelhead, and coho salmon) on the Klamath and Trinity rivers. The sampling
locations (Figure 1), near the terminus of each basin proper (above the
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Klamath-Trinity confluence), allow for assessment of the majority 0f each basin’s
respective fish production. Information collected include estimtes of annua
abundance, natural (or wld) and hatchery conposition, peak emigration tining
size, health, and age class of emigrating salmonids. Qher species captured
(sturgeon, |anprey, suckers, scul pin, dace, shad, etc.,) are enunerated and
measured to length. Fish health is assessed with the cooperation of the
Service's California-Nevada Fish Health Center (CNFHC) and Humbol dt State
Univereity. River flowinformation is provided by the U S. Geol ogi cal Survey
gaugi ng stations and hourly water tenperature data is recorded at the trap sites
using Ryan Tenpnentor units

The concurrent nonitoring of fish populations, river flow, and water tenperature
on the Klamath and Trinity rivers has been a crucial asset of the juvenile
Salmonid monitoring program  The concurrent nonitoring allows us to conpare and
contrast fish population abundances, mgration timng, species conpositions, and
fish health between the two river systems. W also evaluate basin specific
factors such as escapenent, hatchery operations, river flow, and water
temperature as possible influencing factors. As night be expected, there are
simlarities and differences observed each year with respect to fish popul ations
of the two river systens andthe factors possibly influencing them

O great concern to this office and of relevance to the intent of this letter

has been the consistently poorer health condition and higher nortality rates of
fish captured on the Klamath River conpared to fish captured at the Trinity
River. Since nonitoring with rotary traps began in 1989, field crews have
consistently noted that during the late spring and summer period, captured
Klamath River fish appeared |ess vigorous and had greater rates or intensities of
various external parasites, fungus, lesions, or other externally apparent
afflictions than did fish captured at the Trinity river trap. In addition to the
observations of relatively poor health, there has been a consistently higher
nortality rate of fish captured at the Klamath River trap than captured at the
Trinity River trap. The catch and nortality data presented in Table 3 below are
specific to juvenile chinook salmon as this is the npbst abundant species

Tabl e 3. Total juvenile chinook captured during the months of May, June and
July with associated nortality and percent nortality, at the Kl amath
and Trinity river rotary traps from 1992 to 1996.

Klamath River Trap Trinity River Trap

vear Tot al Chi nook Per cent Tot al Chi nook Per cent
Chi nook Mrtality | Mrtality | Chinook Mrtality |[Mortality
1992 5097 102 2.00 43960 176 0. 40
1993 8933 72 0.81 5086 36 0.71
1994 55659 1745 3.14 56106 184 0.33
1995 13486 1325 9.83 2353 93 3.95
1996 25973 2004 7.72 13156 163 1.24
Tot al 109148 | 5248 | 4.81 | 120661 | 652 | 0.54




captured. The counts of nortality include those fish that expired while

entrai ned and those that were noribund before capture (floated into the trap).

Al though data presented in Table 3 are specific to juvenile chinook, the
differentially higher rates of nortality between the two capture sites are
consistent with nearly all fish species typically captured. The higher nortality
rate of captured fish at the Klamath River trap is even nore al arm ng considering
that the holding tine within the traps live box is much less than at the Trinity
River trap. Since 1994, during summer (June-August) nonths, the Kl anath River
trap has been checked two to four tines a day (within a 24 hour period). Prior
to 1994 at the Klamath River trap and for all sanple years at the Trinity River
trap, sanpling of the trap catch occurred just once in a 24 hour period. It was
believed that by decreasing holding time we would reduce the stress levels of the
entrained fish and thus |ower the nortality rate. It is difficult to say how
much higher the nmortality rate of captured fish at the Klamath River trap would
have been without these additional efforts.

In an attenpt to determine the causative factors involved with the higher
differential nmortality rates and apparent poorer health of Klamath River trap
captured fish we exam ned several possible factors. Mrtality of trap captured
fish may result from many stress-rel ated causes such as the capture itself, and
hi gh debris |oads and/or high fish densities within the trap's livebox (reduced
water quality). However, these factors are simlar for both traps throughout
nost of the trapping season and yet nortality rates are always higher for the
Klamath River captured fish. The likely causative factor is a reduced health
condition of fish on the Klamath River prior to capture at the trap. Health and
physi ol ogy nmonitoring of chinook and steel head snolts in the Trinity and Kl amath
rivers by the CNFHC has found that Klamath/Trinity basin salnonids are typically
exposed to or infected with several disease pathogens during their juvenile life
stage. Healthy fish are better able to cope with these infections or avoid
infection entirely. However, stressful environnental conditions (e.g., poor
water quality, crowding in raceways, release fromhatchery into the river, etc.,)
must usual |y occur before high intensity of infections are observed (USFWs 1994).
Conproni sed health condition due to disease infection and/or other stress factors
(e.g., smolting, high water tenperatures) undoubtably increases the probability
of nortality prior to and/or follow ng capture.

We first evaluated water tenperatures as a probable contributing factor to the

hi gher nortality rates of Kl amath River fish. However, it was fairly apparent
that the annual seasonal tenperature profiles of the two rivers, as nmeasured at
the respective monitoring |ocations, were very simlar (Figure 2). During summer

nonths the nean daily water tenperatures at both river |ocations typically
exceeds the EPA's seven-day Chronic Value of 15°c. The apparent disparity (e.g.
high nortality on the Klamath River and not on the Trinity River despite simlar
wat er tenperatures) indicated that water tenperature alone was not going to
explain the differentially higher nortality rates of Klanmath River fish.

Fish mortalities have not been limted to the juvenile salnonid nonitoring
operations. Significant fish kills have occurred on the Kl amath River in the

past few years as well. In late June of 1994, Service biologist began observing
| arge nunbers of dead and dying juvenile chinook in the Klamath River.
Cbservations were nmade over a 30 mile section of the river between Presido Bar
(river mle (rm 81) and Bluff Creek (rm49). Surveys were not conducted
upstream of Presido Bar. At this same tinme, Service biologists and technicians
fromthe Yurok Tribe reported seeing froma few to several hundred dead juvenile
chinook on some gravel bars. These observations were made over a 35 mle section
of the lower Klamath River from Cappell Creek to the Klamath River estuary.
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These same crews also received several reports from tribal fishermen regarding
additional mortalities upstream of Cappell Creek. All species were effected to
some degree. Observations of dead fish included small numbers of juvenile
steelhead and other non-salmonid species. Observations and reports of dead fish
continued for several weeks and then abruptly ended. Temperature data collected
at the Big Bar trap site on the Klamath River indicated water temperatures peaked
(mean daily = 25.1°c) on July 19 and decreased thereafter. Despite a similar
temperature profile (mean daily water temperature recorded at the trap site on
the Trinity River peaked at 24.4°c (from July 17-19)), no observations of dead or
dying fish were made on the Trinity River during this period.

The most recent fish kill occurred on the Klamath River in early August 1997.
Our first indications of a problem were the unusually large numbers (up to
50+/day) of dead adult Klamath smallscale suckers captured each day at the trap.
Typically, live adult suckers are captured in very low numbers (few each month).
Other dead and dying suckers were also observed in the river and along the
shoreline. Speckled dace and sculpins (Juveniles and adults) were also being
captured in usually high numbers and with a high rate of mortality.

Concurrently, Service biologist conducting habitat typing work on the Klamath
River reported seeing very high numbers of dead suckers and dace throughout a 75
mile section of the Klamath River from Thompson Creek (rm 123) to Aikens Creek
(rm 48). Some mortality of juvenile chinook and steelhead was also observed.
Personnel from the California Department of Fish and Game (CDFG) surveyed river
areas from lron Gate Dam (rm 190) downstream to Indian Creek (rm 107) for fish
mortalities. Dead fish were only observed in the downstream-most area of the
survey (M.Rode, CDFG, personal communication). Mel Willis, CDFG fish
pathologist, examined several dead suckers and indicated that the fish may have
been suffering from the bacteria Columnaris. The low level of chinook mortality
observed in the river and trap, relative to the high chinook mortality observed
in 1994, may be attributed to the fact that most chinook had already migrated
through this area of river. Trap catches of juvenile chinook in 1997 peaked the
week of June 29-July 5, and over 90% of the season catch had been made by July
19. In addition, it appears that some fish (primarily salmonids) were able to
locate cool water "refugia" areas in the river. The Service"s habitat typing
crews observed hundreds of juvenile steelhead and chinook holding in cool water
confluence pools below some tributaries. And, despite the fact that mean daily
water temperatures at both trap locations (Table 4) exceeded EPA"s one-day Acute
Value of 20°C throughout July and August, there were no reports or direct
observations of dead fish on the Trinity River.

Service biologist collected moribund adult suckers and sculpins for assessment py
Dr. Gary Hendrickson at Humboldt State University (report attached as Appendix
A). Dr. Hendrickson found high levels of parasites (Lernaea sp.) and bacteria
(Flexibacter columnaris and Aeromonas hydrophilg in the suckers and "nearly
double the heaviest infection | have ever seen before" of eye flukes
(Diplostomulum sp.) in the sculpins. Dr. Hendrickson reported that A. hydrophila
bacteria is often present in surface waters with a high organic load and affects
fish only when fish are somehow compromised. In summary, Dr. Hendrickson
speculated that "fish in the Klamath River are being stressed, probably by poor
water quality. The most likely problems are high temperatures, low flows, low
Do, and high ammonia”. Piper et al (1992) associated Columnaris disease with
environmental stress conditions such as high water temperature, low oxygen
concentration, crowding, and handling (Piper et al 1992).



Tabl e 4. Absolute minimum and naxi num water tenperatures, and average m nimum
mean, and maximum daily water tenperatures by month for July and
August 1997 at the Trinity and Kl amath rivers.

Mont h Tenperature Criteria Tenperatures (°c) | Tenperatures (°C)
Klamath River Trinity R ver
Average Daily M nimum 21.3 19.6
I Average Daily Mean 22.0 21. 4
July Average Daily Maxinmm 23.2 23.2
Absol ute Daily M ninum 17.7 16.0
| Absol ute Daily Maxi mum 25. 4 24.8
| Date of Absolute Maximum | July 28 | July 28
‘ Average Daily M nimm 21.9 | 20. 4
I Average Daily Mean 22.6 21.8
August | Average Daily Maxinmum 23.6 | 23.1
| Absolute Daily M nimum | 21.2 | 18. 6
‘ Absol ute Daily Maximum ‘ 26.5 25.4
Date of Absolute Maxi mum [ August 8 | August a

To test if problens other than water tenperature were contributing to the fish
nortality we initiated short-termnonitoring of other water quality paraneters.

On August 9-10 we nonitored water tenperature and DO, concentrations and on August
18-19, we nonitored water tenperature, DO,, pH, and nutrient levels. \Water

sanpl es were taken approximately 2 neters(m out from shore at two depths (0.2
and 1.4m bel ow surface). Sanples were taken every few hours over a 24 hour
period at the Big Bar river accesson the Klamath River and anal yzed using Hach
testing procedures and equipment. Results from the August 9-10 sanpling

i ndi cated Do, concentrations were below the EPA's Chronic Value (7.0 my/l)

t hroughout nmost of the 24 hour period and were at or bel ow EPA's Acute Value (5.0
milligrans/liter (my/l)) from approximtely mdnight to 8: 00am (Table 5).

Di ssol ved oxygen levels of 5 ng/l or less are generally considered to be |ethal
or immediately threatening to the survival of nost fish species (Canpbell 1995,

Gwnne 1993). Wth a water tenperature of 20°c, the mninmum Do, concentrations
recommended to protect the health and physiol ogical condition of cold- and
war mwat er fishes during rearing is 7.8 ng/l. At |/ the mininumrequired is

7.4ng/ 1 (Wedeneyer et al. 1976).

By the third week of August, the nunber of dead fish captured at the Kl amath
Ri ver trap began decreasing. The trap ceased operation on August 20. The
results of the water quality sanpling conducted on August 18-19 indicated
relatively inproved tenperature and po, conditions (Table 6). The Service's



Tabl e 5. Wat er temperature and di ssol ved oxygen concentration data collected over
a 24 hour period from August 9-10, 1997, at the Big Bar river access,
Klamath River.

n
Dat e Tine of Di ssol ved Oxygen (mg/l)  Water Temp..
Sample Shallow Middle ()
August 9 1200 7.8 1.4 25.0
1600 6.2 6.0 26.5
2000 56 5.5 24,3
August 10 2400 4.0 4.0 23.1
0300 3.1 3.1 22.0
0500 3.8 3.8 23.5
0600 4.0 4.0 23.2
0700 5.0 5.0 23.5
0800 5.4 5.4 23.4
0900 6.0 6.0 23.0
1000 7.1 7.0 24. 0
1200 7.6 7.4 25.2
H = i =137 metor ]
Tabl e 6. VWt er quality data collected over a 24 hour period August 18-19, 1997,
at the Big Bar river access, Kl amath River.
Di ssol ved Oxygen my/| Wt er Specific
Time of Ten’p TDS NC3 Conduct.
Dat e Sample | Shallow | Middle (°C) pH (all) (ng/1) | (ns/cm)
8/ 18 1300 9.4 9.4 22.3 8.6 0.10 1.4 0.20
1600 8.6 8.6 23. 6 8.6 0.10 1.4 0.20
2000 6.6 6.6 21.3 a.5 0.09 1.5 0.20
2400 5.3 5.3 20.7 a. 4 0.08 1.6 0.19
0300 5.0 5.0 20.1 a.5 0.08 1.8 0.19
0500 5.4 5.5 20. 3 a.5 0.08 1.7 0.18
0600 6.0 6.0 20. 8 a. 4 0.08 1.6 0.18
8/ 19 0700 6.4 6.4 21.1 a. 4 0.09 1.7 0.18
0800 7.0 7.0 21. 4 a.3 0.09 1.8 0.18
0900 7.3 7.3 21. 7 a.2 0.08 1.8 0.17
1000 7.4 7.4 22.1 a.b 0.09 1.9 0.17
1200 a.9 a. 9 22.1 a.b 0.09 1.6 0.18
Sanpl e depth: Surface =0.18 meter, Middle = 1.37 meter. NH4 (mg/l) sanples negligible
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habitat typing crews also resumed their field activities the week of August 18-22.
The crews surveyed the Klamath River from Clear Creek (rm 99) downstream to lkes
falls (rm 64) and reported observing very few dead fish and relatively low fish
densities at refugia areas.

During both water quality sampling periods in August, D0* concentrations showed
strong diel fluctuations with minimum values observed in the dark early morning
hours (midnight to 6:00am). Maximum Do, values were observed in the early afternoon
hours (10:00am to about 6:00pm). Similar diel fluctuations of Do, concentrations
have been observed in the Klamath basin on the Shasta River (Gwynne 1993). High Do,
levels on the Shasta River were attributed to high photosynthetic production of
plant matter during the day. Conversely, strong drops in po, concentrations during
nighttime hours are likely the result of high biological demand due to respiration
of aquatic plants and sediment loads of nutrient rich detritus in the river.
Summertime high water temperatures and the growth and respiration cycles of aquatic
plants are events which interact synergistically. The negative impact to water
quality (and therefore to fish populations) can be much greater than either
temperature or Do, concentration alone (Campbell 1995).

In summary, the Service agrees that water temperature and nutrients are appropriate
“listed pollutants™ in the CNCRWQCB's schedule for development of TMDL allocations
for the mainstem Klamath River in California. The Service recognizes that water
temperatures on both the Trinity and Klamath rivers at the respective trapping
locations can be high enough during some summer periods to be stressful to Ffish
populations. However, the relatively greater quantity of aquatic plant growth and
nutrient rich detritus of the Klamath River, combined with warm water temperatures
in the summer, have resulted in deleterious D02 concentrations which have directly
contributed to occasional fish kills on the river and led to the consistently higher
rate of fish mortalities at the Klamath trap.

Therefore, the Service strongly recommends that the CNCRWQCB consider including Do,
as a listed pollutant in the development of TMDL allocations for the mainstem
Klamath River in California. And in order to have any significance, it is
imperative that during summer months when high water temperatures can be expected,
measurements of Do, concentrations include samples taken during those hours when
minimum values can be expected (e.g. 3:00am). Further, water quality sampling
locations should include additional sites that include several main river channel
areas that are relatively of slower relative velocity. It is in these areas that
aquatic plant growth, and therefore diel fluctuations of po, levels, may be
significant.

If you have any questions or require additional information please contact staff
biologist Jim Craig of this office at (707) 822-7201.

Sincerely,

Yo

Bruce G. Halstead
Project Leader
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cc: Ci ndy Barry, ARD, FWS, Portland, Oregon
Steve Lewis, Project Leader, FWS, XBERO, Klamath Falls, Oregon
Ron lIverson, Project Leader, FWS, KRFWO, Yreka, California
Karl Witkus, Area Manager, BOR, Klamath Project, Klamath Falls, O egon
Rich Elliot, Regional Manager, cprFG, Region 1-HQ, Redding California
Troy Fletcher, Fishery Program Director, Yurok Tribe, Klamath, California.
M ke Orcutt, Natural Resources Director, Hoopa Tribe, Hoopa, California
Leaf Hillman, Director, Department of Natural Resources, Karuk Tribe of

California, Orleans, California

Don Reck, NMFS, Eureka, California

with attachments
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TO: All interested parties
FROM: Dr. Gary L. Hendrickson

SUBJECT: Fish mortalities on Klamath River

| was contacted separately by several people concerning fish mortalities
especially among suckers on the Klamath River. | ended up examining some
fresh dead fish obtained from the USFWS's trap at Big Bar. My findings are as
follows:

Catostomus _rimiculus - Klamath finescale sucker
. examined four specimens. The two larger specimens all had pronounced
external lesions primarily at the bases of the fins. Parasitic copepods commonly
known as anchor worms (Lernaea sp.) or anchor worm scars were almost
always associated with the lesions. In addition, there were numerous anchor
worms on the gills. primarily the gill arches. Cytophaga-like bacteria (probably
Fiexibacter columnariis) also occurred on the gills. Gills were clearly
hyperplastic but whether this was due to Lernaea, the bacteria, or some
problem in water quality could not be determined.

| examined smears from the lesions. Smears contained large numbers of short
rods and a few Cytophaga-like bacteria, probably Flexibacter columnaris. | did
bacterial isolations from the lesions and from the kidney of one of the suckers
on Tryptic Soy Agar (TSA- note that TSA will not support growth of Cytophaga-
like bacteria). Aeromcnas hvdroohifa (causative agent of Aeromonas
hemorrhagic septicemia) was isolated from both lesion and kidney. This
bacteria is often prevalent in surface waters with a high organic load and affects
fish only when fish are somehow compromised. | would speculate that Lernaea
punched the initial holes in the fish and the bacteria gained access through
these holes. Isolation irom the kidney is noteworthy because it indicates that
bacteria have become systemic (are circulating in the blood). Bacteria were
identified using the API 20E bacterial identification system so | feel confident
that this is an accurate diagnosis.

Cottus _rimiculus - slender sculpin
| examined tno specimens. Both specimens had enormous numbers of eye
flukes (Diplostomulum so.) in the retinas of the eye. These are the
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metacercarial stage of a digenetic trematode which reaches sexual maturity in a
fish-eating bird probably a seagull. Fish are infected by coming into contact
with a free-swimming stage (cercaria) which are produced through an asexual
process in snails (most likely Lymnaea but occasionally Phvsa). One eye
contained close to 1,000 parasites. |have studied eye flukes quit a bit and this
is nearly double the heaviest infection | have ever seen before. One sculpin
had two Lernaea as well as the eye flukes.

COMMENTS
The life cycle of Lernaea is complex and involves many larval stages separated
by molts. The speed of the life cycle is directly related to water temperature
(faster at higher temperatures). In addition, Lernaea tends to be seasonal
(bloom in the summer, die off in the winter. Thus, you do not usually see
problems with Lernaea in coldwater fishes because the fife cycle proceeds so
slowly that numbers do not build up enough in the summer to kill fish before the
parasites start to die back off in the fall. In rivers, Lernaea is less likely to be a
problem because the infective stage is blown downstream after only a short

time.

Both Lymnaea and Fhvsa are air breathing snails. The tend to bloom in our
north coast rivers only when the flows are low and the temperatures are warm.
Even then the probably frequent the backwaters more than the mainstream.

When these snails bloom you get eye flukes.

Bot h Aeromonas hydrophila and Fiexibacter columnaris are bacteria which
occur naturally in the environment Normally they affect fish only when the fish
is somehow stressed by some other factors. Such factors are often
environmental such as unusually high temperatures, low dissolved oxygen, low
flows, etc. Both are rather classic “stress mediated diseases”.

Based on my experience, |would speculate (and it is only speculation) that
the fish in the Klamath River are being stressed, probably by poor water quality.
The most likely problems are high temperatures. low flows, low DO, and high
ammonia. Fish of course try to maintain homeostasis. More stress means that
more energy is require5 to maintain homeostasis. This energy is obtained by
"shorting" other requirements including the immune system. Consequently,
ubiquitous bugs can become a problem. Unfortunately, these water quality
parameters also favor completion of certain parasite life cycles which only
exaggerates the problem.| would expect the mortalities to cease when the
water quality improves presumably when it cools off (more oxygen. less
ammonia) in the fall.

| hope that this has been of some help. Do not hesitate to call me if you have
further questions. My number is (707) 826-4233 at work and (707) 822-8657 at
home. If anybody is interested in supporting continued work on this problem, |
am sure that | could come up with a graduate student.



