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Re: Public comments on the effects of suction dredge mining on water quality

We wish to thank the California State Water Board for the opportunity to submit these
written comments, in addition to our verbal comments delivered at the June 12, 2007

workshop in Sacramento.

The Karuk Tribe of Caiifornia is the second largest in the State with over 3,600
members. Our Aboriginal Territory is located within the Mid-Klamath Basin. This area
includes the Salmon and Scott River sub-basins. As you are well aware the Klamath
River and its attendant fisheries are in jeopardy due to water quality, water quantity and
habitat degradation. These rivers and their beneficial uses play an integral part in the
social, spiritual and cultural tapestry of the Karuk Tribe. We still rely on a sustainable
harvest of the bounty that these waterways have produced since time immemorial.
These species include salmon, steelhead trout, sturgeon, Pacific and river lamprey and
mollusk harvested in a fraditional manner passed on from successive generations.

We feel obligated to address an opening comment made by Board member, Chatlie
Hoppin, who stated in effect if the miners wish to live like pigs, that is of no concern of
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the Water Board. We feel this is short-sighted and fails to realize the human waste and
other toxic substances left behind by these encampments will eventually through
surface runoff enter our waterways, and thus a public health concern. For example,
“Both direct and cumulative impacts were identified from poorly designed roads and
inappropriate camping locations. Concentrated use of streamside camping sites have
deleterious effects which are Iong lasting, Camp sites tend to persist over long periods
of time and lead to increased erosion and stream sedimentation. The lack of proper
sanitary facilities (fecal coliform and nitrates) improperly disposed garbage, introduction
of soap and detergents and removal of streamside vegetation for firewood have long
lasting effects. Road-related runoff and sediment production have had a significant
cumulative effect on riparian areas and stream courses.” (USDA Forest Service, 2001
Suction Dredging Activities Operating Plan Terms and Conditions for Programmatic
Approval of Suction Dredge Plans of Operation. Draft Environmental Impact Statement,
Siskiyou National Forest) While the SWRCB may not be able to regulate these
encampments it should be considered as factor in the cumulative effect of this activity.

U.S. Clean Water Act

The Clean Water Act ("CWA" or the "Act") is intended to “restore and maintain the
chemical, physical, and biological integrity of the Nation's waters." 33 U.S.C. § 1251(a).
To achieve this goal, Section 301 of the Act, 33 U.S.C. § 1311(a), makes "the discharge
of any pollutant by any person" uniawful. CWA jurisdiction attaches where there is a
"discharge of any pollutant” from a "point source” to "navigable waters." 33 U.S.C. §§
1311(a), 1362(6), (7), (12), (14). A "point source" is "any discernible, confined and
discrete conveyance ... from which pollutants are or may be discharged.” 33 U.S.C. §
1362(14). The term pollutant includes dredged spoils, rock, sand, and almost all other
forms of waste. 33 U.S.C. § 1362(6).
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Smaill Suction Dredge Activities Are Subject To Regulations

Suction dredges, whether floating or moored, convey water in a discernable, confined,
and discrete manner is a point source. Suction dredges discharge waste water effluent
containing rock and sand, which are pollutants under the Act. Discharges of such
effluent into waters of the United States require regulation.

Suction Dredges as Point Source Polluters

Again, suction dredges, whether floating or moored, convey water in a discernable,
confined, and discrete manner. Therefore, suction dredges are point sources as
defined under the CWA. 33 U.S.C. § 1362(14); see U.S. v. Earth Sciences, Inc., 599
F.2d 368, 37273 (10th Cir. 1978); Trustees for Alaska v. U.S. EPA, 749 F.2d 549, 557-
58 (9th 1984); WA Wilderness Coalition v. Hecla Mining Co., 870 F. Supp. 983, 988 (E.
D. Wa 1994). Suction dredge operations release stream water and bed material as
waste products. The re-introduction of stream water (as turbid water) or totai
suspended solids into the water column, through the process of suction dredging and
sluicing, constitutes a discharge of a pollutant under the CWA. The Ninth Circuit has
held that material separated from gold and released into a stream, during placer mining
activity, constitutes a pollutant; and even though "the material discharged originally
[came] from the streambed itself, [its] resuspension [in the stream] may be interpreted
to be an addition of a pollutant under the Act." Rybachek v. U.S. EPA, 904 F.2d 1276,
1282, 1285-86 (9th Cir. 1990). ‘

The mining community suggests that discharges from small suction dredging is
insignificant, and therefore, not subject to CWA regulation. However, Section 402 of
the CWA, 33 U.S,C. § 1342, does not exempt a discharge from regulation based on
its relative significance. Sierra Club v. Union Oil Co., 813 F2d 1480,1490-1491 (9th
Cir 1986), revid on other grounds, Union Oil Co. v. Sierra Club, 108 S Ct. 1102
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(1988); Save our Bays & Beaches v. City and County of Honolulu,
904F Supp1098,1105(D.Hawaii, (1994),

The mining community may also argue that the regulations only apply when a pollutant
is added to waters of the United States from the "outside world." Several courts have
addressed whether an addition of a poilutant must come from the outside world, See
e.g.,Natl.Wiidlife Federation v.Gorsuch,693F.2d156,175(D.C.Cir.1982); Natl. Wilidlife
Fedn. v. Consumers Power Co., 862 F.2d 580, 584 (6th Cir. 1988); Dague v. City of
Burlington , 35 F,2d 1343,1346,1354-55 (2d Cir. 1991); Dubois v. U.S. Dept. of Agric.,
102 F.3d 1273, 1298 (1 st Cir. 1996); Catskill Mts. Chapter of Trout Unlimited, Inc. v.
City of New York, 273 F.3d 481 , 484,491-2 (2d Cir. 2001); Catskill Mts. Chapter of
Trout Unlimited, Inc. v. City of New York, 451 F.3d 77, 83 (2d Cir. 2006). Those cases,
however, addressed whether the mere transfer of water, without an intervening use,
may result in the addition of a pollutant. Unlike mere transfers of water, suction dredges
draw stream water and bed material from a water body, retain gold or other precious
metals, and then discharge waste materials in the form of turbid water and/or sediment
back to the water body.

In summary, the suggestion that smali suction dredges do not add a poliutant from the
outside world is irrelevant, and contrary to case law on that issue. The intervening use
of intake waters in suction dredging adds pollutants to those waters prior to discharge.
In this respect, small suction dredging is very similar to most other industrial and
municipal discharges subject to regulation.

Suction Dredge Impacts to Fisheries, Water and People

A great deal of literature exists on the effects of suction dredge mining on water quality
and stream habitat. While the literature is mixed in terms of the nature and severity of
effects from dredge mining operations, serious impacts to water quality and habitat have
been documented, depending on the size, location and manner in which dredges are
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operated. For a recent summary of suction dredge impacts, see Harvey and Lisle
(1998).

On March 5, 2005 the Karuk Tribe of California filed a lawsuit against California
Department of Fish and Game (CDFG) for the violation of CEQA and the Fish and
Game code which mandates that the issuance of suction dredge permits will not be
deleterious to fish. In this litigation, Dr. Peter B. Moyle stated. “Ali anadromous fishes in
the Klamath basin should be considered to be in decline and ultimately threatened with
extirpation as wild populations because of the long history of decline and the multiple
threats to the river system. Suction dredging, through a combination of disturbances of
resident fish, alteration of substrates, and indirect effects of heavy human uses of small
areas, especially thermal refugia, will further contribute to the decline of the fishes.” In
addition during the course of the litigation, CDFG stated it is “the Departments current
opinion that suction dredge mining under the current regulations in the Klamath, Scott
and Salmon watersheds is resulting in deleterious effects on coho salmon” (Neil Manji
CDFG Fisheries Program Manager Declaration). While the use of instream suction goid
mining techniques is not the root cause of the river's (fisheries) many problems, it is
however, a contributing factor that cannot be dismissed nor ignored. Given the current
level of existing data about the effects of dredging, where threatened or endangered
aguatic species inhabit dredged areas, it would be prudent to suspect that dredging is
harmful to aquatic resources (Harvey and Lisle 1998). Considering the uncertainty
surrounding dredging effects, declines in many aquatic animal populations, and
increasing public scrutiny of management decisions, the cost of assuming that human
activities such as dredging cause no harm deserves strong consideration by decision
makers (Mapstone 1995). Where threatened or endangered species exist, managers
would be prudent to assume activities such as dredging are harmful unless proven
otherwise (Dayton 1998). The impacts of suction dredging vary according to size of
waterbody, fish species present, season of dredging, frequency and intensity of
dredging. Cumulative impacts can result from small-scale mining in the same location
for multiple years or from multiple mining operations occurring within an area
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(Washington Dept. of Fish and Wildlife Small Scale Mineral Prospecting White Paper
Dec. 2006)

In the El Dorado National Forest a study was conducted to determine the effects of
suction dredge mining on instream habitats on 7 reaches within 5 watersheds that have
relatively high levels of suction dredging (North State Resources 2002). Two
watersheds have sampling conducted on a relatively undisturbed reach, as well as a
reach located below evidence of suction dredging. The results from the paired studies
indicate that the undisturbed reaches are providing optimal macroinvertabrate habitat in
the NF Cosumnes and Camp Creek Watersheds, while the disturbed reaches were both
rated as sub-optimal. Two reaches are also identified as optimal for macroinvertebrate
habitat in Big Canyon Creek and Dogtown Creek. The Steely Fork Cosumnes reach is
also rated as sub-optimal. Reaches rated as sub-optimal or marginal were based on the
amount of sediment deposition, bank stability issues, and decreases in riparian zone
width, and changes in embeddedness. Evidence of degraded habitat conditions are
evidenced by fewer invertebrate taxa and lower invertebrate abundance and richness
(Eldorado National Forest Monitoring and Evaluation Report FY 2006).

Within the last decade we have seen a dramatic influx of recreational club miners in the
Klamath River and its tributaries. These ciubs include “The New 49ers, Gold
Prospectors Association of America (GPAA) and the Lost Dutchman Mining Association
(LDMA). These clubs aggressively advertise and pursue new members, and in our
opinion exaggerate the amount of gold to be found. For example currently the New
49er's are attempting to boost associate memberships which allows for a week of
access to their claims, by halving the membership price. The primary reason for this
action can be best stated in the words of Dave McCracken (General Manager New
49ers) “The more members our lobbyists can say that we have, the more clout we have
in being able to maintain our mining rights!” This will only exacerbate the frequency and
intensity of localized disturbance. The impacts of instream mining can be categorized
as direct effects and critical habitat degradation. These impacts are discussed in the
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attached Declarations of Dr. Peter Moyle Ph.D and Dr. Walter Duffy Ph.D. and other
supporting documents.

An additional water quality impact which must to be addressed is the “flouring” and
resuspension of mercury through this activity. A joint study was conducted by State
Water Resources Control Board, Dept. of Fish and Game, and United States Forest
Service and published May 2005, to investigate this issue.

To summarize the relevant conclusions and recommendations this study found;
“Mercury concentrations in the fine and suspended sediment lost from the dredge were
more than ten times higher than that needed to classify it as a hazardous waste, and
recycled to the environment”. We find this to be particularly disturbing due to the
historic legacy of mining in our Aboriginal Territory.

Regulation and Enforcement

The Karuk Tribe continues to be deeply concerned over the lack of effective regulation
and enforcement of suction dredge mining in general, and its impacts on water quality
specifically. The SWRCB must develop strong, effective, and enforceable standards to
fulfill its mandates under the CWA. Standards which rely on self-policing must be
avoided in any meaningful attempt at regulation. It is painfully ciear from monitoring
mining related chat forums, that this community will ignore any and all regulations it
deems restrictive in the pursuit of goid. Below are some relevant examples;

Wildwes21 01-15-06, 08:20 AM (MDT)

GoldDredger_com Discussion Forum's - WTF, why am | paying for a permit.mht
“Yeah,Once | did get a permit...a long time ago, the first year | ever dredged and on my first day out got
check by 2 Cal State Recreational Officers. | was glad | had it that day.
So this dredging with out a permit makes me a "OUTLAW"(one who lives outside of a broken corrupt legel
system, like the Men and Weman that stood up to the Tyranny of King George & the British Imperial
"Legal' System)in the USA court system...I'm not a criminal (one who steals), nor do | reconize the Court
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System here in California as they Fly the USA Military Flag ("Gold Trim" around the Red White and Blue
Stars & Bars) and | am a "Free Man"...a patriot to my country and fellow citizens, but the Government will
only get my support when | feel it deserves it and it does notin this case.

El Dorado 07-09-06, 04:04 PM (MDT)
http:llgolddredger.com!cgi—binldcforumldcboard.cgi?azmread_count&om=2793&forum=DCForumlDZ
“Everybody just ignore the supposidly illegal permit crap and dredge away. | do know if | come up to
summefest, | will be a renegade!”

Oregon DEQ, Waldo Mining, Sisk NF Dredge Review, 2004. : Notes on DEQ Suction Dredge
Demonstration, August 23-24, 2004:

"As written, in most creeks and guiches, the current level of restriction on turbidity is nearly impossible to
meet. This presents a dilemma for the miner... exceed turbidity, or quit mining. As most miners will
continue to dredge, the current levet of restriction forces them to ignore the regulations”

Matt Mattson 12-12-04, 07:48 AM (MDT)
GoldDredger_com Discussion Forum's - From Al Directions.mht
Dusty:

“I'm one of the "paranoid” and understand your sentiments. We were all poo-poo'd in the past because
there are the "hardcore” miners amongst us that don't think these things affect them, or ever will, as they
don't/won't ever plan to get any permits or worry about working within the laws and being above board to

begin with . . .

| agree, no regulations will affect the "hardcore” who will continue to (or have to in the future).

A. Hide their dredges way up creeks and canyons, in spots so tough that no one would want to go check
them.

B. Work diligently to conceal any and all their activities from rangers and expend as much or more time
concealing as working, much fike marijuanna growers do.

C. ignore prime areas to work, simply because they can be spotted from a road or trail or air, and
continue searching for those hard to work and access areas that have tree canopy.

D. Live like rats, since being illegal means you necessarilly have to live underground, can't speak openly

about what you do, can't show anyone what you do, and can't ask for help for fear of being found out and
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must live in an underground economy and be continually victimized everytime you sell your gold to a
middleman for cash to operate.

E. Live in constant fear of "the man" and being found out. Drug dealers, marijuanna growers, crack
addicts all know this fear — add the "hardcore” dredger to the list as willing to accept living with constant
fear of being found out . . .

F. Accept losing all their equipment if it is found, since it certainly can't be claimed or, work with
substandard equipment with the attitude that at some point it will be found or simply sacrificed at the end
of operations, or is to smalt for the job but is small enough to be concealed even though you can't make
money with substandard equipment or equipment that is to smali for the job . . .

But if you're willing to accept the above and be outlaw - hey | agree — no law or regulation affects your
lifestyle at all . . . (of course the "outlaw" will never see any of this discussion as they can't afford a
computer and if they can, won't post for fear of the law finding them out through the IP number.} “
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In conclusion from the summarized information provided above and attached hereto, it
is clear that the impacts of suction dredging can and does have a negative effect on the
beneficial uses of our waters. Since the initial influx of Europeans into our aboriginal
territory the Karuk Tribe and its resources have suffered greatly due to unmitigated
exploitation. At first, the official U.S. Government policy of cultural and physical
genocide failed to extirpate the Karuk people. In more recent times, agencies both
State and Federal have resorted to passive genocidal policies which allow for user
groups such as these to destroy our fisheries and poison our people and water. We
thought the ghost and attendant horrors of the gold rush era was a thing of the past.
Sadly, with the advent of this new gold rush, the Karuk Tribe believes feel it necessary
to engage agencies which have ignbred the plight of the Klamath River for too long, and
protect and defend ourselves from this renewed threat. The Mission Statement of the
SWRCB leaves no room for ambiguity or faintness of heart;, "The State Board's mission
is to preserve, enhance and restore the quality of California’s water resources, and
ensure their proper allocation and efficient use for the benefit of present and fulure
generations.” In this same spirit we now ask you to undertake your obligation to the

people of the State of California.

Singgrely,

-

el

Leaf G. Hillman
Vice Chairman
Karuk Tribe of California
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' 1 was appointed Professor of Fisheries Biology at the University of California at Davis in 1972,

on fish populations in California, including the Central Valley. I have suthored or co-authored

DECLARATION OF PETER B. MOYLE, PH.D,, IN SUPPORT
OF ENTRY OF STIPULATED JUDGMENT

I. I am a fisheries biologist and professor in the Department of Wildlife, Fish, and
Conservation Biology at the University of California at Davis, and Associate Director of its
Center for Watershed Science. The Karuk Tribe of California, Plaintiff in this marter has
requested that | provide my expert opinion on the potential effects of suction dredging on fishes
of the Klamath, Salmen and Scott Rivers and their tribataries. [ am not being paid and have not
been paid for my work as an expert witness for this legal proceeding. I have personal knowledge
of the matters hereinafier set forth, and if called as a witness would be competent to testify
thereto.

QUALIFICATIONS AND EXPERIENCE
2. [ have been researching freshwater and anadromous fish in California since 1969.

and held the chair of the University’'s Department of Wildlife, Fish and Conservation Biology
from 1982 to 1987. I have served as Associate Director of the Center for Watershed Science
since 2002, My curriculum vitae is attached as Exhibit A.

3 The principal ares of my research and expertise is the ecology and conservation of
freshwater and anadromous fishes, particularly in California. A significant portion of my
research has focused on regulated streams and the impacts of dams, diversions, and other factors

more than 160 publications, most of which concern freshwater and anadromous fishes. Among
my publications is Inland Fishes of California (Moyle 2002), the standard refereﬁce work on
California fishes, as well as four other books and monographs on fishes. A list of my
publications is attached as Exhibit B.

4. In 1993, | was named a Fellow of the California Academy of Sciences. 1 serve on
the editorial boards of several peer-reviewed journals, imcluding Environmental Biology of

Fishes, Biological Conservation, and Biological Invasions. [ am a member of the American
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| Board of the CALFED Ecosystern Restoration Program and its predecessor {1998-2003), led the

Fisheries Society, American Society of Ichthyologists and Herpeiologists, Ecological Society of -
America, Society for Conservation Biology, American Association for the Advancement of
Science, and American Institute of Biological Sciences. I also have received an Award of
Excellence from the Western Division of the American Fisheries Society {1991); recognition as 3
Distinguished Fellow of the Gilbert Ichthyologica! Society (1993); the Outstanding Educator
Award from the American Fisheries Society (1993, with 1. I. Cech); and recogpition as
Dristinguished Ecologist by Cotorado State University (2001). I currently co-hold the President’s
Chair in Undergraduate Education at UC Davis.

5. In 2003, I was one of the co-authors of the National Research Council’s final
report on the causes of the decline and strategies for recovery of coho saimon and other fishes in

the Kiamath River Basin (National Research Council 2003). I also was a member of the Science

JSFWS Delia Native Fishes Recovery Team (1993-1995), and served as a member of the USES
Sierra Nevada Ecosystem Project Team (1994-1996). I currently serve as a member of
interagency Fish Screen Evaluation Commiitiee.

6. I have previously served as an expert witness or consultant on salmon and other
fishes in California in a number of venues. | was retained as a consultant by the City and County
of San Francisco in a re-licensing proceeding before the Federa! Energy Reguiatory Commission|
(FERC), and served as an expert witness for the Putah Creek Council, in the Putah Creck Water
Cases, Judicial Council Coordination Proceeding Number 2565 (Sacramento Superior Court). |
also have testified before the State Water Resources Control Board and a congressional
committee. In 2000 I was deposed as an expert witness on coho salmon in the case
Environmental Protection & Information Center. Andrea Tutile, Case Ne. 00-8713-58C (N.D.
Cal). In March, 2004, T was deposed as an expert witness on the 2002 Klamath River salmon kill
n the case Pacific Coast Federation of Fisherman’s Associations, Yurok Tribe, Hoopa Valley
Tribe v. Bureau of Reclamation, Klamath Water Users, No.C 02-020006 SBA (N.D.Califorma).

I am currently serving as an expert witness for the Natural Resources Defense Council on NRDC
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vs Rodgers (E.D. Cal. No. Civ. 88-1658 LKK) on restoring flows to the San Joaquin River.

7. I have also been called on to provide expertise on salmon and native fish
restoration in many other venues and proceedings. For cxagnple, ! recently preseated expert
testimony regarding Section 3937 in proceedings before the California State Water Resources
Contro! Board involving the Santa Ynez River (in re Sania Ynez River Public Trust Proceedings
on LS. Bureau of Reclamation Water Rights Permits, Applications 1133} and 11332, 2003).

8. In relation to the suction dredging and fishes of the Klamath, Salmon and Scott
Rivers, I have the foliowing background. I have been keeping track of the status of fishes in
these rivers ever since [ began writing the standard reference work on California fishes, Inland
Fishes of California, first published in 1976. In the revised edition, published in 2002, {
extensively reviewed the biology and status of fishes of the Klamath Basin. I was responsible for
the analyses that led to various species being listed as Species of Special Concern by the
California Department of Fish and Game (Moyle et al. 1994) and with two postdoctoral scholars
in my laboratory, produced the first major peer-reviewed review of the status of coho salmon-in
California (Brown et al.1994). As the result of my expertise, | was appointed a member of the
Nationa! Research Council’s committee to review the causes of fish declines in the Klamath
Basin (NRC 2003). In the summer of 2002, Dr. Jeffrey Mount and [ brought a team of advanced
undergraduates and graduate studemts into the Scott River basin w0 conduct field investigations

on the status of coho salmon in Scott River fributaries, ! am aware of the impacts of suction

}| dredging primarily through the work of Dr. Bret Harvey, who conducted his first studies under
| me while a graduate student in my laboratory. Subsequerntly, [ reviewed several drafis of the

best (really only) review paper on suction dredging impacis in California written by Dr. Harvey

{ (Harvey and Lisle 1998). I have also observed suction dredges at work numerous times while

conducting field work.
SCOPE OF ASSIGNMENT

9. [ was asked by the Plaintiffs to investigate and provide expert opinion, as a

 fisheries biologist, on the following questions:
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(1) What are the likely effects of suction dredging on anadromous fishes, especially coho
salmon, in the Klamath. Salmon and Scott Rivers and their tributaries?

(2) What tributaries and thermal refugia contain fish that would be particularly at risk
from suction dredging?

10,  In formulating the opinions stated in this declaration, I have relied on information
I accumulated working on salmon and other California fishes since 1969, M.uch of this material
is summarized in my 2002 book, Inland Fishes of California (University of California Press, 502
pp) and in my 160+ peer-reviewed publications. More specifically, I considered each of the
publications cited in this report and materials cited in my publications on the Klamath River.
Particularly important was the research I conducted on the status of Klamath River fishes on
behalf of the NRC. Thus the opinions that I express in this report are based on my 35 vears of
experience and publications and on periodicals, texts, research, and historical and other materials
that other experts in my field would consider reliable. Among the specific references of
:mievam:e are the following:

Brown, L. R, P. B. Moyle, and R. M. Yoshivama. 1994. Status of coho salmon
{Oncerhynchus kisutch) in California. North American Journal of Fisheries Management 14:
237-261.

Department of Fish and Game, California. 1994. Final environmental impact report:
adoption of regulations for suction dredge mining. DFG, Sacramento. 173 pp.

Harvey, B. C. 1986. Effects of suction gold dredging on fish and inveriebrates in two
California sireams, North American Journal of Fisherics Mansgement 6:401-409.

Harvey, B. C. and T. E. Lisle. 1998. Effects of suction dredging on streams: a review andl
an evaluation strategy. Fisheries 23{6):8-17.

Moyle, P. B. 2002. Inland Fishes of California. Revised and Expanded. Berkeley:
University of California Press. 502 pp.

Moyle, P. B, R. M. Yoshiyama, J. E. Williams, and E. D. Wikramanayake. 1993. Fish
species of special concern of California. California Department of Fish and Game, Sacramento,
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| River Basin: Causes of Decline and Strategies for Recovery. Committee on Endangered and

{1 fishes. [ agree with thrust of Harvey and Lisle (1998), that it should be assumed that dredging is

California. 2nded. 272 pp.
National Research Council 2003. Endangered and Threatened Fishes in the Klamath

‘Threatened Fiéhcs in the Klamath River Basin. Board on Environmental Studies and
Toxicology.. National Academv Press.
SUMMARY OF EXPERT OPINIONS
11.  Opinion 1: All anadromous fishes in the Klamath basin should be considered to
be in decline and ultimately threatened with extirpation as wild populations because of the long
history of decline and the multiple threats to river system. Suction dredging through a
combination of disturbance of resident fish, alteration of substrates, and indirect effects of heavy

humnan use of small areas, especially thermal refugia, will further contribute to the decline of the

harming declining species unless it can be proven otherwise.

12, Opinion 2. Suction dredging shouid be banned from foliowing areas, unless it can
be proven using peer-reviewed scientific studies that the dredging has no short term or
cumulative effects: All tributaries to the Klamath River, 500 m above and below cool-water
refuge areas (stream mouths) on the mainstem Klamath River, Klamath River from Trinity
River confluence to Green Riffle, Canyon Creek and all other Scott River tributaries, and
Salmon River including the north and south forks and all tributaries.

WHAT ARE THE LIKELY EFFECTS OF SUCTION DREDGING ON ANADROMOUS
FISHES, ESPECIALLY COHO SALMON, IN THE KLAMATH RIVER AND ITS
TRIBUTARIES?

13, The general effects of suction dredging on fish are well described in Harvey

(1986) and Harvey and Lisle (1998} and so will be described only briefly here. The effects vary
according to a variety of factors including size of stream, fish species present, season of
dredging, and frequency and intensity of dredging. The key is that suction dredging represents a
chronic unnatural disturbance of natural habitats that are already likely to be stressed by other

factors and can therefore have a negative impact on fishes that use the reach being dredged.

1 C/A No. RG 05 211597
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Direct effects include entrainment of invertebrates and small fish in the dredges, altering of the

habitat that supports the food supply of fishes, and changing channel stmicture in ways that make

‘it less favorable for fish (usually by making it less stable and complex). An area of particular

concem in the Klamath, Salmon and Scott Rivérs and their tributaries is the creation of piles of
dredge tailings that are artraetive for the spawning of salmonids but that are so unstable they are
likely to scour under high flows, greatly reducing survival of the embryos placed within the
gravel,

14. A more immediate effect is the impact of chronic disturbance of the fishes, which
can change their behavior and cause them to move to less favorable conditions. | am particularly
concemned in this regard with dredging in or near thermal refugia of juvenile salmonids. As
discussed in the NRC (2003) report and references therein, the Klamath River and some of its
tributaries can reach temperatures in excess of 65-70°F during the day in late summer. Such
temparatures are very stressful or even lethal for many salmonids, so the fish seek out cooler
areas, where small tributaries flow into the river or there is upwelling of ground water. Juvenile
coho salmon, Chinook sslmon, and steethead will often be packed into these areas during the
day. This past August, | spent a day with Dr. Michael Deas, who was documaenting the nature of
a thermal refuge created by the inflow of single creek into the Klamath River. When [ swam
through the refuge area with a mask and snorkel I was impressed with the concentrations of fish

in the area (and the lack of them in the main river} and how much even a minor disturbance of

- the habitat would reduce the ability of the area to support fish.

15.  Adult salmon and steclhead can also be disturbed by the intense dredging
activities. [ am particularly concerned with spring-run Chinook salmon, a species with which I
have worked closely in the Sacramento River drainage, Adult spring-run Chinook spend the
summer in pools in rivers, especially the Salmon River {and its forks) and Wooley Cresk. They
have to survive the summer without feeding, using reserves of fats and oils they bring up from
the ocean. Chronic disturbance of the type created by dredging and dredgers can increase stress

on these fish and has the potential o reduce their over-summer survival. An often overlooked
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impact of dredging is that the people involved often live on or close 1o the stream in remote arcas
for weeks at a time, where they not only dredge, but swim, bathe, and fish (sometimes illegally).
Such activity can cause spring-run Chinook to use up precious energy reserves if they have to
move to less favorable areas or swim about avoiding people.

16.  Ttis important to note that the Klamath River and its tributaries support the

highest diversity of anadromous fishes of any river in California including: coho_salmon, chum

salmon, mubltiple runs of Chinook salmon, coastal cutthroat trout, multiple runs of stecthead,

eulachon, green sturgeon, white sturgeon, Pacific lamprey. and river lamprey. This is the reason,
of course, why the niver also supported a rich and diverse fishery by the native peoples who live
along the river, Today virmally all the species are in decline or threaiened with declines from
multiple factors (see NRC 2003). Therefore, in my prefessional opinion, suction dredging
should only be allowed in areas where it can be demonstrated there will no immediate or
curnulative impact on the anadromous fishes. It should be assumed there is harm, unless it can
be proven otherwise. One reason for my teking this conservative position is that we simpiy do
not know the effects of dredging on many species, especially when the intensity of dredging is

increasing. For exampie, the larvae (ammocoetes) of Pacific and river lamprey live in soft

{| materials along the stream adge or in slow-moving sections of stream. Dredging of areas where

H ammocoetes are abundant will push them into the water cohunn where they can be readily

consumed by predators, contributing further to the likely declines of the species. Even for
salmonids, information on the effects of dredging, with the exception of a few studies such as
that of Harvey (1989), is largely anecdotal or in non-peer reviewed reports (see, for example, the
bibliography of DFG 1994). Studies are also largely confined to looking at immediate effects of
singie dredges and they do not examine the comulative or long-term effects of muoltiple dredges

and activitics associated with the dredges. Indeed Lttle has changed since DFG (1994, p. 71D

11 listed the need for additional studies on practically every important aspect of the environmental

impacts of dredging. Harvey and Lisle {(1998) present a strategy for acquiring much of the

needed information.
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 chances for recovery. In particular, coho salmon, spring-run Chinook salmon, and summer

permitied) waters beyond what is already classified as such:

| 2001, USFWS (unpublished data) found juvenile salmonids using refuge areas at the mouths of

' Clear, Coon, Dillon, Elk, Elliott, Fort Goff, Grider; Halverson, Hopkins, Horse, Independence,

WHAT TRIBUTARIES AND THERMAL REFUGIA CONTAIN FISH
THAT WOULD BE PARTICULARLY AT RISK FROM SUCTION DREBGING?

17. The NRC (2003} report emphasized two important considerations fcr.the
recovery of Klamath basin fishes that are especially relevant here: (1) cold water refuges are key
to the persistence of many species, especially coho salmon and (2) the entire array of
anadromous fishes (1.e., the Tribal Trust Species) need large scale and pro-active measures to

assure recovery. Suction dredging is ene more insult to these fishes tha is likely 1o hurt their

(spring) steslhead are particularly vulnerable to the inunediate effects of dredging and have been
reduced to low numbers in the Klamath Basin so need special protection.

18.  In my professional opinion, the following waters should be Class A {no dredging

a. All Klamath River cold-water tributaries, including the Shasta (already ciass A) River.
This is to protect coho salmon in particular. _

b. The Klamath River below Iron Gate at the mouths of all tnbutaries for 8 minimum of
500 meters (1500 £) upstream of the mouths and 500 meters downstream of deiectable coldwater!
influence. Most of the smaller tributaries of the Klamath River are substantially colder than the
main river and the short sections along the edges that are infiuenced by the creeks are important

summer refuges for fuvenile Chinook and ccho salmon, as well as steethead. For example in
the following creeks: Aikins, Beaver, Blue, Bluff, Bogus, Boise, Cade, Camp, Cappell, China,

Indian, Irving, Little Grider, McGarvey, Miners, Oak Flat, Pearch, Pecwan, Perch, Pine,
Portuguese, Red Cap, Roach, Rock, Rogers, Rﬂsefand,'Sandy Bar, Seiad, Slate, Stanshaw,
Swillup, Thompson. Ti. Tinkman, Tuily, Uksnom, Ullthorne, Ukanom, Upsanddown, and
Walker. The mouths of the Scott, Shasta, and Salmon rivers should also he protected.

¢. Klamath River from Trinity River confluence to Green Riffle, to reduce potential
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impacts on green sturgeon spawning and rearing.

d. Canyon Creek and all other Scott River tributaries. These streams contain cold water
habitats essential for the rearing of juvenile coho salmon.

¢. Salmon River including the north and south forks and all tributaries. This designation
is to protect the entire suite of Klamath Basio anadromous fishes, especially coho salmon in the
tributaries, spring-run Chinook and summer steelhead in the two forks of the Salmon River, and
green sturgeon and lamprey in the mainstem Salmon.

19, Ihave roviewed the proposed Stipulated Judgment that has been submitied to this
Court, including Exhibit | thereto. The restrictions contained therein on suction dredging do not

go as far as what I recommmend in my opinions, as stated above. They are, nevertheless, among

11 the most important of the recommendations in my opinions to protect the fish identified above.

I declare under penalty of perjury that the foregoing is true and correct.

Executed at Davis. California on January 14, 2006.

CEeX=

S
Peter B. Moyle, PH.D.
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EXHIBIT A: CURRICULUM VITAE

PETER BRIGGS MOYLE
Department of Wildlife, Fish, and Conservation Biology
And
Center for Integrated Watershed Science and Management
University of California, Davis
1 Shields Avenue, Davis Ca 95616

pbmoyle@uedavis.edu
530-752-6355, fax: 530-752-4154
EDUCATION
1964 University of Minnesota B.A. - Zoology
1966 Comell University MS. - Conservation
1969 University of Minnesota Ph.D. - Zoology
UNIVERSITY POSITIONS
1969 - 1972 Assistant Professor, Biology, California State University, Fresne,
CA
1972 — present Assistant to Full Professor, University of California, Davis,
California
1982 - 1987 Chair, Department of Wildlife & Fisheries Biology, University of
California, Davis, California
20(2-present Associate Director, Center for Integrated Watershed Science and
Management LICD

PROFESSIONAL SOCIETIES/ORGANIZATIONS

American Fisheries Society {national & local chapters); American Society of

Ichthyologists and Herpetologists; Ecological Society of America; Desert Fishes Council;

Society for Conservation Biology; AAAS; AIBS | '
AWARDS

Award of Excellence, Western Division, American Fisheries Society (1991); Haig-Brown

Award, California Trout (1993); Distinguished Fellow, Gilbert Ichthyological Society




(1993); Fellow, California Academy of Sciences (1993); Bay Education Award, Bay

Institute (1994); Public Service Award, UCD (1995); Outstanding Educator Award,

American Fisheries Society (1995, with J. J. Cech); Streamkeeper Award, Putah Creek

Council (1997); Distinguished Ecologist, Colerado State University (2001); Outstanding

Mentor Award, UCD (2003); President’s Chair in Undergraduate Education, UCD (2003-

2005, with J. Mount}. |
OTHER

Editorial Boards, Environmental Biology of Fishes, Biological Conservation, and
Biological Invasions. Expert testimony: Bay/Delta Hearings, State Water Resources
Control Board; Congressional hearings, Re-authorization of Endangered Species Act, etc.
Head, Delta Native Fishes Recovery Team (1993-1995); Member, Sierra Nevada
Ecosystem Project Team (1994-1996); Member, Independent Science Board, CALFED
Ecosystem Restoration Program; Vice President, The Natural Herifage Institute;
Fisheries Consultant, City and County of San Francisco. Member. National Research
Council Committee on Endangered Fishes in the Klamath Basin (2002-2003).
TEACHING

Teach basic courses in fish biology, wildlife conservation, fisheries, watershed ecology,
and nature/culiure. Co-authored (with J. Cech) widely used ichthyology text (5th edition,
2003) and co-edited (with C. Schreck) handbook on techniques for working with fish.
Active in Gradunate Group in Ecology {currently on Executive Committee). Steering
Comunitiee, Nature and Culture Program.

PUBLICATIONS
Author or co-author of over 150 peer-reviewed publications, inchuding five

books/monographs.
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DECLARATION OF WALTER G. DUFFY, PH.D., IN SUPPORT
OF ENTRY OF STIPULATED JUDGMENT

I, Walter G. Duffy, hereby declare:

1. T am an Adjunct Professor of Fisheries Biology at Humboldt State University in
Arcata, California, and the Unit Leader of the United States Geological Survey’s California
Cooperative Fish Research Unit at the University. This declaration is submitted in support of the
entry of the Stipulated Judgment presented to the Court by the Plaintiff Karuk Tribe of Californial
(“Karuk Tribe”) and the Defendant California Department of Fish and Game (“DF&G”). 1 have
personal knowledge of the matters hereinafter set forth, and if called as a witness would be
competent to testify thereto.

2. T was contacted in August of last year by Josh Borger, then one of the attorneys
for the Plaintiffs in this action, inquiring whether T would provide technical assistance in this
case as a fisheries biologist to the Plaintiffs on the effects of suction dredge mining on certain
fish species of concern in the Klamath, Salmon and Scott Rivers and their tributaries. On August
25, 2005, T advised Mr. Borger that T would provide this kind of assistance as a matter of my
professional scientific expertise, but that I would not act as an advocate for the Plaintiffs. 1 have
not asked for and have not received any payment for this assistance.

[Qualifications and Experience}

3. I hold Bachelor of Science (1973), Masters of Science (1975) and PhD. (1985)
Degrees in Fisheries and Wildlife from Michigan State University. From 1984 to 1988, I held the
position of Ecologist at the Nationa! Wetlands Research Center in Slidell, Louisiana. From 1988
to 1997, I was the Assistant Leader of the South Dakota Cooperative Fish & Wildlife Research
Unit at South Dakota State University in Brookings, South Dakota, and from 1988 to the present
have also held the position of Adjunct Associate Professor in Fisheries Science at that
University. Since 1997, T have been an Adjunct Professor in Fisheries Biology at Humboldt State
University, and the Unit Leader for the United States Geological Survey’s California

Cooperative Fish Research Unit at that University. I am a member of the American Fisheries

— 2 —
Declaration of Walter G. Duffy, Ph.D., in Support
of Entry of Stipulated Judgment
C/A No. RG 05211597




¥

i0

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Society, the oldest professional fisheries organization in the world.

4. In my scientific work as a fisheries biologist, I have conducted research on,
among other things, the ecology of Pacific salmon and how Pacific salmon respond to processes
operating in watersheds and ecosystems. Current research projects include the study of the
demographics of coho salmon in northern California coastal streams of varying habitat quality,
biologica! monitoring protocols for watershed restoration in Coastal California, relationships
between the growth and survival of coho salmon, and the biological assessment of streams. 1
have published a number of scientific papers on my research, including the following with
respect to the Coho Salmon: Bell, E. and W. G. Duffy, 2006, Individual growth rates and two
year residency of juvenile coho salmon, Transactions of the American Fisheries Society (In
Review), and Bell, E., W. G. Duffy, and T. D. Roelofs, 2001, Fidelity and survival of juvenile
coho salmon in response to a flood, Transactions of the American Fisheries Society 130: 450-
458. Among the courses I teach at Humboldt State are Fish Bioenergetics, Restoration Ecology
of River Fishes and Biological Assessment of Stream Health. Fish Bioenergetics examines the
energy requirements of fish relative to each species physiology and constraints on energy
processes imposed by environmenial conditions. Restoration Ecology of River Fishes synopsizes
the myriad reasons for declining fish populations and reviews ecological concepts applicable to
recovering these populations. Biological Assessment of Stream Health reviews the concepts,
techniques and problems associated with stream aquatic biological assessment.

5. 1 have reviewed and I am familiar with the professional literature addressing
environmental effects associated with suction dredging. Experience I have relevant to suction
dredging in rivers includes research on 1) energy requirements of juvenile Coho Salmon, 2)
survival of Coho Salmon eggs and yolk sac fry in different sediments, and 3) the influence of
turbidity on feeding by Steelhead and Coastal Cutthroat Trout. Furthermore, earlier in my career
I collaborated on research into fish injury and mortality caused by pump entrainment. I have also

personally observed suction dredging operations.
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[The Effects of Suction Dredge Mining on Special Status Species]

6. Suction dredging is an instream mining technique where pumps driven by
gasoline engines are used in effect to “vacuum” up the bottoms of streams, the streambed
material is drawn up through a hose and then passed over a sluice to separate out gold. The
waste material ("tailings"), consisting of rocks, gravel, silt, and biota, is then discharged back
into the stream in a different area from which it was removed.

7. The Proposed Interveners assert that there is no evidence that suction dredging
has ever injured a single fish. Presumably, what they mean is that they have no evidence of a
sighting of a direct “kill” of a fish by a suction dredging operation. However, even if true, that
does not mean that suction dredging has no adverse effects on fish. In my opinion, suction
dredge mining in the Klamath, Salmon and Scott Rivers and their tributaries causes serious
impacts to special status species such as the Coho, Green Sturgeon, Lamprey and their habitat.
These impacts include disturbance of the fish and fish eggs and fry and the invertebrate
communities that fish rely upon for food. The dredging also has adverse impacts on other aquatic
or riparian dependent plant and animal species; channe! morphology which includes the bed,
bank, channel and flow of streams and rivers; water quality and quantity; and riparian habitat
adjacent to streams and rivers.

8 Suction dredging creates turbidity in the water bodies where it occurs. I have
attached hereto as Exhibit 1, a photograph taken by me that shows the extent of the plume of
turbidity that can be created by a suction dredging operation. Turbidity is created by the action of]
the dredge re-suspending fine sediment and organic particles in the water column. The finest
particles, such as clay, can stay in suspension for days. Turbidity can have serious impacts on
fish species and their habitat. Turbidity can interfere with fish feeding, by reducing their ability
to see, smother eggs and yolk sac fry in gravel. By blocking sunlight, turbidity also reduces
primary production (e.g., algae and other aquatic plants), which is a basis of the food web.
Obviously, the more dredging operations there are in an area, the greater the problem. It has

become a particular problem on the Salmon River mainstem because of the increase in such
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activities there. The effects of dredging are not individually catastrophic in this regard, but the
cumulative effects of the turbidity created by these operations can produce serious impacts on
fisheries. The feeding by juveniles in tributaries is a concern, primarily disturbance of that by

turbidity.

9. Dredging also often produces deep holes in the streambed and leaves unstable
tailing piles. Studies conducted by Harvey and Lisle — “Effects of suction dredging on streams: a
review and an evaluation strategy,” in Fisheries 23(6):8-17 (1998) — show that fish spawn on
these piles. These unstable piles in turn can cause egg and fry mortalities when the piles are
dispersed by higher flows.

10.  The experience to date indicates that the suction dredgers on the rivers of concern
in this action are not willing to take the time to restore the streambed to the pre-dredging
condition. The holes and tailings piles created are often left in place. Indeed, the Forest Service’s
monitoring of suction dredging operations in this area shows extensive abandonment of these
holes and tailings piles. Attached hereto as Exhibit 2 is a true and correct copy of a report by
LeRoy Cyr (fish biologist for the Orleans Ranger District of the Six Rivers National Forest),
dated December 29, 2004, reporting on the resuits of such monitoring for 2004 for the Salmon
River. The report shows that the Salmon River mainstem and its North and South Forks were
replete with large pits and islands of spoils left in the river as a result of suction dredging
operations. The pits measured up to 88 and 96 feet in length, and at another [ocation 14 pits were
found spread over approximately % mile of the river. The tailings piles were similarly large. Mr.
Cyr’s report expressed his surprise that there was a total of 54 dredging sites found within the
Salmon River basin in that year, and that a large proportion of those had large pits and
accumulated spoils piles

11.  The entrainment of fish eggs and yolk sac fiy by suction dredging is another
serious impact. Dredging on fish eggs and yolk sac fry can cause up to 100 percent mortality if
sucked through a dredge of any size or covered with sediment produced by suction dredge

mining equipment. Nearly all eggs and sac fry that survive entrainment would be eaten by fish
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and other predators. They would become available prey as a consequence of their being taken
out of their protective in-gravel environment by suction dredging. As they are highly desirable
food items, it is doubtfu} that many of them would survive to the swim-up stage. Those that
could escape immediate predation might find temporary refuge in substrate interstices.
However, it is likely that most would ultimately fall prey to predatory aquatic insects, fish,
amphibians and birds as a consequence of being displaced by suction dredging.

12, There is another reason why it is important to protect species during spawning
and egg emergence from disturbance by suction dredging operations. Dredging has the effect of
compressing their hatching period by interfering with spawning, which not only reduces the
numbers of eggs that are hatched but also reduces the genetic variability of the species. The
result is increased vulnerability to a variety of insults. This impact affects both the short term
population of the species and its long term survival. |

[DF&G’s 1994 EIR and Suction Dredging Regulations]

13.  Inthe 1994 EIR, Fish and Game adopted as a mitigation measure the Biological
Opinion’s recommendation that all rivers and other areas where special status species exist be
closed to suction dredging. After certifying the 1994 EIR, Fish and Game adopted the proposed
regulations, set forth at 14 Cal. Code Regs. § 228 ef seq. The only exception to the prohibition of
suction dredging in these closed areas was the proviso for a special permit if Fish and Game
determined (based potentially on a site specific Biological Assessment) that the proposed site
specific suction dredging would not result in a “take” of the listed species.

14.  Because the Coho salmon was not then listed as a state or federal threatened or
endangered species or a species of special concern, the regulations adopted pursuant to the 1994
EIR permitted dredging in the Salmon, Scott, and Kiamath Rivers and their tributaries. Similarly,
the Pink salmon, Chum salmon, Green sturgeon, Klamath River lamprey, and River lamprey
were not listed as species of special concern at that time. As a result, the regulations provided
that (a) the Klamath River from the Salmon River upstream to 500 feet downstream of the Scott

River is open to dredging all year; (b) the Scott River and its tributaries are open to dredging
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from the fourth Saturday in May through September 30; and (c) the main stem North Fork
Salmon River from the South Fork Salmon River upstream to the Marble Mountain Wilderness,
and the main stem South Fork Saimon River from the North Fork Salmon River upstream to the
Trinity Alps Wilderness boundary are open to dredging from July 1 through September 15. The
Coho salmon, Pink salmon, Chum salmon, Green sturgeon, Pacific lamprey, Klamath River
lamprey, and River lamprey are present in these rivers during these time periods.

{The Special Status Species that are the Subject of this Action]

15.  Subsequent to the preparation of the 1994 EIR and the adoption of the above
regulations, the Coho Salmon was listed in a variety of contexts as a special status species. These
listings included (a) the 1995 listing by DF&G of the Coho saimon as a fish species of special
concern in California, (b) the 1997 listing by the National Marine Fisheries Service of the
Southern Oregon/Northern Catifornia Coast Evolutionarily Significant unit of the Coho salmon
as a “threatened” species under the Federal Endangered Species Act, (c) the August 2002 finding
by the California Fish and Game Commissi_on (“Commission”) that Coho salmon warranted
listing as a “threatened” species in the Southern Oregon/Northern California Coast
Evolutionarily Significant Unit, and (d) the March 30, 2005 listing by DF&G of the Cohoas a
“threatened” species under the CESA. All of these listings included the Coho salmon that
inhabits the Klamath, Scott and Salmon Rivers and their tributaries. The Green Sturgeon and
Lamprey have been identified as species of special concern since 1994.

16.  The proposed Complaint in Intervention filed herein alleges that a change in the
legal status of fish (e.g., listing as endangered species) does not have anything to do with the
effects of suction dredging thereon, and that the effects are independent of the legal status of the
fish. 9 41. This notion seems to reject the rationale for all of the special protections that are
accorded by federal and state law to threatened or endangered species. Because of the significant
decline in their populations and their jeopardy of extinction, such species are typically accorded
significantly greater protection from the kinds of impacts that would otherwise be considered

acceptable. Moreover, there are special considerations relating to some of the species of concern
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in the present action that must be taken into account in ensuring that they are adequately
protected. They include the following:

a. Coho Salmen. The Coho was first listed under the Federal Endangered
Species Act because of the significant population decline that has continued for decades. The
National Marine Fisheries Service stated in 1997 that “[pJopulations in the California portion of
this ESU could be less than 6 percent their abundance during the 1940s.” 62 Fed Reg. 24588
(May 6, 1997) (final rule listing Coho as threatened). The species has continued its decline since
then. Coho salmon are susceptible to threats to stream habitats because they deposit their eggs in
stream gravel and juvenile Coho salmon remain in streams for one to two years before the ocean.

b. Green Sturgeon. This species is present in Klamath River and the Saimon;
River (Mouth to Forks), and their tributaries. Little is known about Green Sturgeon, particularly
the juveniles. What is known about the species is that they spawn in only a few rivers during
summer and in the Rogue River, Oregon, make use of deep pools (D. L. Erickson, J. A. North, J.
E. Hightower, J. Weber and L. Lauck. 2002. Movement and habitat use by green sturgeon,
Acipenser medirostris in the Rogue River, Oregon, USA. Journal of Applied Ichthyology
18:565-569). Furthermore, green sturgeon from the Klamath River have been found to be
genetically similar to those found in the Rogue River (J. A. Israel, J. F. Cordes, M. A. Blumberg
and B. May. 2004. Geographic patterns of genetic differentiation among collections of green
sturgeon. North American Journal Fisheries Management 24:922-931). Green sturgeon are fong
tived and do not reproduce until about the age of 10 years, making them more susceptible to
impacts than many other species. They are also thought to feed primarily on the bottom of rivers
and are, therefore, more susceptible to any disturbance of the bottom such as occurs in suction
dredging operations (P. B. Adams, C. B. Grimes, J. E. Hightower, S. T. Lindley and M. L.
Mosher. 2002. Status review for North American green sturgeon, Acipenser medirostris.
National Marine Fisheries Service, Southwest Fisheries Science Center, Santa Cruz, CA). In
addition, it is particularly important to ensure that the period of their egg hatching is protected

from disruption or interference. For the Green Sturgeon, the first of July is the peak for hatching,
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with a 7-day window before and after. Thus, after July 1, they are likely to have eggs in the
gravel of river bottoms where suction dredging would otherwise be occurring. In addition, the
Tribe has provided information indicating that there was an increase in the outmigration of Green
Sturgeon during the period when suction dredging was highest on the Salmon River. This is
reflected in the 2003 trap report prepared by the Tribe, which I have reviewed. This kind of
distinct shift in the migration pattern may indicate stress on the species, and its coincidence with
the increased suction dredging activity creates an additional reason for protection of that part of
the river from suction dredging. |

C. Lamprey. In California, Pacific lamprey adults spawn in areas of gravel
during April through July and eggs hatch two to three weeks fater (P. B. Moyle. 2002. Inland
Fishes of California. University of California Press, Berkeley). After hatching, larvae move
from gravel to areas of softer sediment where they remain from four to six years before
transforming to aduits, thus juveniles are present in sediments after July 1* and present for
multiple years. Their residence in streams for prolonged periods of time year after year makes
them particularly susceptible to the insults of dredging. Juvenile lamprey are also filter feeders so
that turbidity created by suction dredging would have a particularly negative impact on this
species.

[The Injunction against DF&G’s Issuance of
Permits in the Proposed Stipulated Judgment|

17.  As set forth above, protection for periods of spawning and egg emergence is one
of the "driving forces" behind the need to protect these special status species from the effects of
suction dredging. Other considerations are also important. The reasons, in my opinion, for the
specific injunctions against the issuance of suction dredging permits in the Proposed Stipulated
Judgment are set forth in the succeeding paragraphs.

18.  Klamath River. The main stem of the Klamath River from its confluence with
the Trinity River to Iron Gate Dam is habitat for the Green Sturgeon and Lamprey. In my

opinion, it is necessary to enjoin the issuance of permits for suction dredging except for the
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period July 1 to September 15, as set forth in the Proposed Stipulated Judgment, in order to
protect Green Sturgeon spawning and rearing habitat. (Although not addressed in the complaint,
this restriction would also serve to protect Fall Chinook holding habitat.)

19.  Tributaries to the Klamath River. They are habitat for the Coho. In my opinion,
the following aspects of the injunction in the Proposed Stipulated Judgment are necessary t0
provide adequate protection to the Coho.

a. Suction dredge mining should not be allowed on Indian, Elk, Dillon,
Independence, Bluff, Red Cap, Camp and Clear Creeks because they are particularly important
habitats for juvenile coho salmon. These streams all have cold water and each has reaches of a
gradient and gravel sizes preferred by coho salmon.

b. On all other tributaries of the Klamath, permits for suction dredging
should be enjoined from allowing such dredging during periods other than July 1 to September
15, as set forth in the Proposed Stipufated Judgment. This is necessary in order to protect Coho
spawning and rearing habitat.

c. This injunction would also serve to protect Summer Steelhead spawning,
rearing and holding habitat, although this species is not part of the existing complaint.

d. These Klamath River tributaries, where Coho are known to occur based on
literature and surveys, amount to 3.02% of the streams in the entire Klamath area or 1.8% of the
total stream miles.

20.  Salmon River (Mouth to Forks). The main stem Salmon River from its
confluence on the Klamath River to the Forks of the Salmon River (i.e., the confluence of the
North and South Forks of the Salmon River) is habitat for the Coho, Green Sturgeon and
Lamprey. Green Sturgeon and Lamprey in particular are present in this area in the summer
months when suction dredging activities are heaviest. In my opinion, the injunction in the
Proposed Stipulated Judgment against the issuance of suction dredging permits at any time
during the year for this segment of the River is necessary to protect the spawning and rearing

habitat of the Coho, Green Sturgeon, and Lamprey. (This injunction would also serve to protect
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Fall Chinook spawning and holding habitat, and Spring Chinook and Summer Steethead summer
holding habitat, although these species are not part of the existing complaint ) This area deserves
to be protected through the injunction because of the combination of species there; and the need
in particular to protect the spawning and egg from interference.’

21.  Salmen River Tributaries. The Salmon River tributaries identified in the
Proposed Stiputated Judgment are habitat for Coho and Lamprey. In my opinion, the injunction
against the issuance of permits for suction dredging at any time during the year for these
tributaries is necessary to protect to protect Coho spawning and rearing habitat. (This closure
will also protect Spring Chinook and Summer Steelhead spawning and rearing habitat, although
these species are not part of the existing complaint.) Rearing habitat is limited due to the
mainstem heating up in summer and juveniles migrating out to the cooler tributaries.

22, Scott River. The Scott River from its mouth to headwaters is habitat for the Coho
Salmon. In my opinion, the injunction against the issuance of permits for suction dredging except
for July 1 to September 15, is necessary in order to protect Coho spawning and rearing habitat.
Suction dredging shouid be precluded until July to allow Coho juveniles to either get out of the
system or up into the tributaries to avoid the potential for adverse impacts from dredging.

23.  Scott River Tributaries. The 20 Scott River tributaries identified in the Proposed
Stipulated Judgment are habitat for Coho, and their presence here has been documented. In my
opinion, the injunction against the issuance of permits for suction dredging in these tributaries is
necessary because the main stem becomes disconnected from almost all tributaries by July and
dredging could occur under the existing designation where Coho are trapped in reaches and
unable to escape, or have limited room o maneuver, in response to dredging. The closure of
these tributaries is therefore necessary to protect Coho juvenile rearing in the tributaries.

24.  Thermal Refugia. The water temperature in the mainstems of the rivers often

! Althongh the Proposed Stipulated Judgment also enjoins the issuance of suction dredging permits for the North and
South Forks of the Satmon River, except from July 1 to September 15, this does not represent a change from the
existing regulations.
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reaches levels during the summer that can be lethal to fish, but the temperatures in the tributaries
are significantly lower than in the mainstem during these months. When the cold water from
these tributaries passes into the mainstems, cold water thermal refugia areas are created at the
confluence of the tributary and the mainstem of the river. The species of concern in this action
often congregate in those areas and hold over in them to seek out temperatures or other habitat
conditions more suitable or preferable during the symmer months, including the pertod from July
1 through September 15. The use of these thermal refugia by juvenile and adult salmonids during
stressful water quality conditions makes them special habitats that must be protected. In my
opinion, the particular areas identified in the Proposed Stipulated Judgment constitute the largest
and most consistent refugia from hot mainstem temperatures in the time period from July 1 t0
September 15. This opinion is based on temperature data showing that these areas provide
significantly lower temperatures than the mainstem during this period and upon verified field
observations or professional opinion concerning fish presence or value as a fish refugia.

25.  The same reasons for enjoining suction dredging permits for certain tributaries
listed above apply also to the thermal refugia at the confluence of these tributaries with the
mainstems of the three rivers. Thus, in my opinion, the injunction to this effect in the Proposed
Stipulated Judgment is necessary for the protection of the special status species identified above.
In addition, the Proposed Stipulated Judgment would also enjoin suction dredging permits for the
thermal refugia located at the confluence of certain specified tributaries on the Klamath River
and the thermal refugia located at the confluence of the North Fork of the Salmon River within
certain boundaries and 2 single creek (Crapo Creek) on the mainstem of the Salmon River below
the Forks of the Salmon. In my opinion, the injunction against suction dredging permits for these
areas is also necessary to protect the identified species.

[The Proposed Interveners’ Declarations}

26. I have reviewed the declarations submitted by the Proposed Interveners in support

of their objections to the Proposed Stipulated Judgment. Much of what T have said above

contradicts the opinions that they offer, and there is no reason to otherwise address those
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differences of opinion. However, 1 do wish to address a few statements in those declarations.

27.  The declaration by Joseph C. Greene implies that the geographic scope of suction
dredge gold mining is limited and not large enough to impact fishes. This statement fails to
recognize the present abundance and distribution of Coho salmon, spring Chinook salmon,
summer steelhead, green sturgeon, and Pacific lamprey in California. The distribution of these
species and stocks is now very limited and the Salmon River is the single tributary of the
Klamath River that still supports all these species. Furthermore, all these species require cold
water such as that found in a only a few tributaries and the confluence of these tributaries with
the Klamath River. Thus, while suction dredge mining may not affect large portions of the
Klamath River, this mining has been taking place over or in proximity to portions of the river
that are the most valuable habitat remaining for threatened fish species.

28.  Exhibit #2 of Joseph C. Green’s argues that 1) 20-30 year ocean cycles control
salmon cycles and 2) freshwater management programs cannot compensate for these ocean
cycles. Regarding the former, the Pacific Ocean does change in productivity at 20-30 year
intervals. However, coho salmon populations declined from an estimated 5 million fish i the
mid-1800’s to around 5,000 fish in the 1990°s. This period spans almost 150 years or 5-6
changes in ocean productivity. If these changes in ocean productivity were the sole determinant
of salmon population abundance one would expect to see periodic increases in salmon
population abundance, but salmon abundance has only declined. Regarding the latter point,
salmon have evolved to use freshwater rivers and stream to spawn in and rear their young, then
move into oceans to feed and grow. Logic dictates that populations cannot survive if they
cannot reproduce. Management of rivers and streams is essential to protecting and restoring
these threatened fishes to some semblance of their former abundance.

I declare under penalty of perjury that the foregoing is true and correct.

Executed at Arcata, California on January 18, 2006.

At s

Walter G. Duffy, PH.D.
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REPLY DECLARATION OF WALTER G. DUFFY, PH.D., IN SUPPORT
OF ENTRY OF STIPULATED JUDGMENT

I, Walter G. Duffy, hereby declare:

1. T am an Adjunct Professor of Fisheries Biology at Humboldt State University in
Arcata, California, and the Unit Leader of the United States Geological Survey’s California
Cooperative Fish Research Unit at the University. I have previously submitted a declaration in
support of the entry of the Stipulated Judgment presented to the Court by the Plaintiff Karuk
Tribe of California (“Karuk Tribe”) and the Defendant California Department of Fish and Game
(“DF&G”). This Reply Declaration responds to statements made in the declarations and other
papers submitted by the Proposed Interveners on January 26, 2006 by leave of this Court. I have
personal knowledge of the matters hereinafter set forth, and if called as a witness would be
competent to testify thereto.

Fourth Declaration of David McCracken

2. In his Fourth Declaration, Mr. McCracken states that the Proposed Stipulated
Judgment will affect the New 49’ers leases and others' claims on approximately 60 miles of the
Klamath and Salmon Rivers and certain of their tributaries. I have no knowledge of the miles of
streams under lease to the New 49°ers. However, if the figures set forth in Mr. McCracken’s
Fourth Declaration are correct, the New 49’ers claim to have leases of 36.5% of the stream miles
listed (not including the claims of others on those same streams). In my opinion, this amount of
mining activity could have a substantial impact on stream ecology, which would itself be adverse
to the special status species inhabiting the rivers and tributaries. In stating my opinions in my
prior declaration, I had assumed their activity was much more localized.

3. Mr. McCracken also complains in his Fourth Declaration about the reductions in
seasons of dredging from all year to 10 weeks in the summertime on one part of the Klamath and
from 16 weeks to 10 weeks in the summertime on another. The 1994 EIR says that dredging
occurs mainly in the summer, and my personal observation of suction dredging on these stretches

of the Klamath is that dredging activity begins in mid-summer and declines in early fall.
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Second Declaration of Dennis Maria

4, In his Second Declaration, Mr. Maria claims that there is no basis for closing to
suction dredging the lower reaches of the Scott and Salmon Rivers because they are generally
too warm in the summertime to provide habitat for juvenile Coho. § 2. However, he ignores the
fact the Stipulated Judgment would not enjoin the issuance of suction dredging permits in the
Scott River for the “summertime” from July 1 to September 15. Moreover, as I stated in my prior|
declaration, it is my opinion that suction dredging in this part of the Scott should be precluded
until July to allow Coho juveniles to either get out of the system or up into the tributaries to
avoid the potential for adverse impacts from dredging.

5. With respect to the lower reach of the Salmon River, Mr. Maria’s declaration does
not take account of the fact that Green Sturgeon and Lamprey (as well as Spring Chinook and
Summer Steelhead) are present there and in jeopardy in the summer months when suction
dredging activities are heaviest.

6. Mr. Maria also asserts that there is no reason to close the Klamath River to
suction dredging between September 15 and September 30, but this again ignores the presence of]
juvenile Coho and Lamprey (and possibly Green Sturgeon) who will be adversely affected by
disturbance of the river bottom and turbidity from suction dredging during this period.

7. The fact that Mir. Maria is personally “unaware” of any data indicating the
presence of adult sturgeon spawners during July or August in the Salmon River (] 3, 4) does not|
prove that they are not present or not spawning during that period. Green sturgeon occupy deeper
pools, and it is very difficult to see to the bottom of these pools. Their presence in the Salmon
River during these months has been documented. Based on my understanding of the period in
which they are likely to spawn, 1 would expect that they do spawn in the Salmon River during
the months of July or August.

8. Mr. Maria also repeats a claim made previously by the Proposed Interveners: that
he has never seen evidence of a “single fish killed by suction dredge mining.” ( 5). 1 briefly

addressed that assertion in my prior declaration, but a more complete response is appropriate.
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There is ample literature documenting the adverse impacts on fish species from suction dredging.
Presumably, what he and others mean by this statement is that they have no evidence ofa
sighting of a direct “kill” of a fish by a suction dredging operation. In my opinion, this statement
proves nothing about the impacts of suction dredging on fisheries. The only way I can conceive
there would be a direct sighting of a “fish kill” from a suction dredging operation would be
through entrainment in the suction dredge, and the only way “evidence” of this would ever be
produced would be if the dredger spotted the dead fish and reported it to DF&G or other
responsible agencies, or a third party happened to be present at that exact moment and reported
it. The observance and reporting of such an incident, needless to say, is highly unlikely.

9, Certainly, there will be no such causal sighting of the fish eggs that are destroyed
because they are laid on unstable tailings piles created by dredging and later scoured, or of the
fish that experience reduced feeding and survival due to the turbidity created by suction
dredging, or those that don’t survive because of the stress from dredging activities in cold-water
refugia where the fish are bolding over — to mention only a few of the different impacts.

10.  These impacts are not just “potential,” and they certainly are not “speculative.”
We know that the populations of the Coho, Green Sturgeon and Lamprey and other species in the
Klamath River Basin have drastically declined over time. We know that their usable habitat has
been greatly reduced — i.e_, there is a limited amount of space where these species can survive
because of the existing conditions in these rivers. We know what influences are conducive to
their survival and reproduction and what influences are harmful. In my opinion, there is no
question that suction dredging in the Klamath River Basin is having direct and indirect adverse
impacts on these species. While Mr. Maria may be correct that other activities (e.g., swimming)
create some stress for fish, it is far different than the dredging that physically alters their habitat
and causes direct damage to their eggs or young.

11. It certainly is not the case, as Mr. Maria states, that existing DF&G regulations
have restricted suction dredging “in the only period in which such mining is likely to cause

actual injury.” § 5. As set forth in detail in my prior declaration (Y 16-25), and the Declarations
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of Toz Soto (] 19) and Dr. Peter Moyle (] 13-19), the Coho, Green Sturgeon and Lamprey — all
listed subsequent to DF&G’s regulations — require particularized protection from the impacts of
suction dredging. The injunction against the issuance of suction dredging permits would
accomplish this. Indeed, T agree with both Mr. Soto and Dr. Moyle that even greater protection
than afforded by the Stipulated Judgment would have been justified, but I understand that the
Stipulated Judgment is the product of a compromise.

Third Declaration of Greene

12.  Mr. Greene’s statement of his credentials is in his Third Declaration at 1Y 3-5,
together with his resume attached as Exhibit 1. None of this contains any reference to any work
or publications relating to fish, and his only reference to these rivers is his observation of
“mining techniques” on the Klamath River ({] 4). In my opinion, expert assessments of impacts
of suction dredging on particular fish species in particular rivers requires some working
knowledge of the life cycle of the particular species and their habitat needs, and the
environmental conditions of their habitat. Mr. Greene’s declaration does not show any education
or work experience in these matters.

13.  Mr. Greene touts his 25-30 years experience in toxicity testing — although the
impacts of suction dredging are in the main not related to exposure to toxic substances. In the
testing technigues he references, the EPA uses a relatively few species to test the toxicity of
constituents in water to biota. The standard organisms are water fleas (Daphnia or
Ceriodaphnia), scuds (Hyalella) and and fathead minnows. These tests are run for either 24, 48
or 96 hours, after which the concentration at which 50% die is recorded (lethal concentration of
50% or LCS0). I do not think that this kind of work in a controlled environment to assess short
duration experiments qualifies him to expound on global weather phenomenon or regional
fisheries issues.

14.  Paragraph 7 of his Third Declaration cites studies he claims show no cumulative
effects from dredging. If however, more than one-third of the siream bottom is subject to

dredging, as Mr. McCracken claims, I would expect to see cumulative effects.
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15.  Paragraphs 7-9 say Peter Moyle is reaching his opinion without any scientific
data. In challenging Dr. Moyle, Mr. Greene misinterprets Dr. Bayley’s report on cumulative
impacts of dredging. Mr. Greene states that the report by Bayley confirms “there is no reason to
believe that suction dredge mining is deleterious to fish.” Dr. Bayley actually states: “The
statistical analyses did not indicate that suction dredge mining has no effect on the three
responses measured. ... (P. B. Bayley, 2002. Response of fish to cumulative effects of suction
'dredge and hydraulic mining in the Hlinois subbasin, Siskiyou National Forest, Oregon. Oregon
State University, Corvallis). Ultimately, the study was inconclusive as to cumulative effects.
Although I agree that Dr. Moyle’s statements can be construed as opinion, 1 think Dr. Moyle’s
resume speaks for itself and he is much more qualified to offer an opinion than Mr. Greene.

16.  Paragraphs 12-16 respond to the Declaration of Toz Soto regarding Tom Martin
creek and lethal temperatures. Mr. Greene’s restatement of water temperature influences does not
change his original statement that all the temperatures taken exceed 20 °C, the “incipient lethal
temperature.” Incipient lethal temperature is a very specific term. Each fish species has a
tolerance range of temperature. This tolerance range is influenced by both physiology of the
organism and temperature the organism has been acclimated to. Lethal thresholds typically are
referred to as incipient lethal temperatures and temperatures beyond these ranges would be
considered extreme. At temperatures above the upper incipient lethal temperature, survival
depends not only on the temperature but also on the duration of exposure (EPA. 1973. Water
Quality Criteria 1972. A report of the Committee on Water Quality Criteria, National Academy
of Sciences and National Academy of Engineering (NAS/NAE). U.S. Environmental Protection
Agency, EPA-R3-73-033. Washington, D.C. 553 pp). I note that the excerpts from “Pacific
Salmon Life Histories™ attached to a Request for Judicial Notice identifies 25 degrees Centigrade
as the upper incipient lethal temperature for Coho. In the present case, documented temperatures
over time and observances of the presence of fish were used to identify the thermal refugia in the
Stipulated Judgment.

17.  Paragraphs 18-21 of Mr. Greene’s Third Declaration challenge my statement
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regarding ocean conditions. In my prior declaration, I responded to Mr. Greene’s statement in his
Second Declaration that ocean conditions were the sole determinant of salmonid populations. 1
stated that if that were true we could expect to see increases and decreases in population
abundance coinciding with Pacific decadal oscillations (ocean conditions) at 25-30 year
intervals. In rebuttal, Mr. Greene submits data for the number of Chinook salmon returning to
the Klamath and Salmon Rivers from 1978 to 2001.

18.  Two points about Mr. Greene’s rebuttal are worth stating here. First, T stated that
Coho salmon abundance had only declined and not increased during a period from the late
1800°s through the present. Mr. Greene’s interpretation of my statement reveals his long
experience in the laboratory addressing easily controlled short duration phenomenon and his lack
of experience analyzing fisheries data. Year to year variation is common in fish populations, as
well as other biological populations. Although crude, estimated abundance of Coho saimon 1n
California were placed at 5,000,000 fish in the late 1800’s, this number was reduced to 200,000-
400,000 in the 1940’s, 30,000-40,000 in the 1980°s and as few as 5,000 fish in the 1990°s. 1
stand by my statement that since the late 1800’s, the trend in Coho salmon abundance has been
consistently downward and has not increased appreciably during periods of good ocean
conditions.

19.  Second, Mr. Greene claims that ocean conditions are more important in
determining salmon survival than is freshwater habitat. Data he submits showing the number of
Chinook salmon entering the Klamath and Salmon Rivers during the period 1978 — 2001
(exhibits 2 and 3) contradict his statement. Ocean conditions off the California coast were
unfavorable for salmon from the early 1970°s through 1997 or 1998. The Pacific Ocean off
California’s coast changed to be favorable to salmon around 1998 or 1999. The data Mr. Greene
submits show that numbers of adult and grilse Chinook salmon combined entering in the
Klamath and Salmon Rivers actually declined dramatically immediately following the period
when ocean conditions changed to favor salmon, and have not recovered to previous numbers he

cites. His data does not therefore show that ocean conditions were the predominant factor in the
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decline of the Chinook salmon.
I declare under penalty of perjury that the foregoing is true and correct.

Executed at Arcata, California on February 1, 2006.

Al T

Walter G. Duffy, PH.D.
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DECLARATION OF NEIL MANJI IN SUPPORT
OF ENTRY OF STIPULATED JUDGMENT

I, Neil Manji, declare as follows:

1. 1 am currently employed by the Ca.11fom1a Department of Fish and Game
("Department"”) as a Supervising Biologist and I participated in settlement negotiations in the above
captidned matter in that capamty The matters s;at forth in this declaration are within my persoual
knowledge and if called on to testify to these matters I would and could so testify.

2, Inxoy current job at the Department, I serve as fhe Fisheries Program Maunager forthe
mgh‘c counties that comprise the Northem California- North Coast Region ("Region”) of the
Department. I overses all ﬁshcnes programs within the Region, including programs invelving: 1) -
fisheries habitatrestoration; 2) inland and anadromous fisherics resource assessmeni andmomtonng;
3} watershed asses-amc:nt and 4) salmon, steethead and tronthatcheries. I hﬁd aPBachelor of Science
(1986) with a major in Fisberies from Humboldt State University and have worked as & fishery
biologist since 1989, Tworked on the Klamath Rivet specifically in that capacity from 1984-1986,
and from 1999 through present. Among other work during thet time, I conducted spawning ground
surveys and monitored adult and juvenile salmonids on the mainstem and tributaries to the Klamath
River. I have also reviewed and edited several manuscripts documenhng research and monitoring
within the Klamath River Basin, Finally, | am a membet of the Klamath Basin Fishery Task Force,
Klamath Fishery Management Council and Trinity River Management Council

3. Based on my experime.: with the Department, and i my professional opinion as a

21 | fishery biologist, the existing regulations. governing suction dredging, which are found in sections

228 and 228.5 of Title 14 of the Cahfom;a Code of Regulanons, serve to pe.nmt suction d:rcdgmg
activities while, at the same titne, providing pmtec’hon for spawning adult salmonids, including
chinook salmon, and the developing eggs and larvae of such spw'ies, ‘which reruaia in the gravel
following spawning, The existing regrlations provide s protection by establishing watercourse-
specific closutes and seasonal restrictions on suction dredging activities. For example, under the

27 ﬂ existing regulations, suction dredging on the mainstem of the Kiamath River is allowed from the

28

monuth of the maiostemn to the Salmon River from the fourth Saturday in May through Seﬁtember 30

PECLARATION OF NEIL MANJII
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(Class G); from the Salmon River upstream to 500 fost downstream of the Scott River faronghout
the year (Class H); from, 500 feet downstream of the Scott River upstream to Tron Gate Dam fom
the fourth Saturday in May fhrough September 30 (Class G). From kron Gate Dam to the Oregon
‘Border, no suction dredging is permitted at any time (Class A). (See Cal. Cods Regs, tit. 14, §
228.5, subd. (d)(45).)
4. The additional restrictions agmed o by the Departmant in the Stipulated Iudgment
Lt issue in this proceeding are stractured in the seme manner as the existing regulations. Those
restrictions are detailed in Exhibit 1 to the Proposed Stipulated Judgment, and the information
document the Deparbment is including with all 2006 suction dredge permit applications. A true and
correct copy of that document is attached hersto as Exbibit A,

5. meabiologicalsmdpoinx,theaddiﬁonalrdstﬁcﬁcnswmdesignﬁto substantisily
 Iessen the potential for significant impacts on various fish species that suction dredgng could cause
in the Klamath, Scott, end Salmon River watersheds. In particular, ‘the additional resmmons wﬂl
protect and beneﬁt coho salimon, steelhead, groen sturgeon, and lamprey.

| . : Sl’mg :

6. Chinook. and coho salmon, amd staelhead are anadromous salmomds that spawn in
gravel substrates throughout the Klamath Basin at various times of the year. Surveys conducted by
the Department and other public sgencies indicate that, in the Klamath Basin, chinook sabmion ipawn
from Septensber through December, and echo spawn from Novernber through January. Steelhead

20 I‘ can spawn over & longer teruporal period from December through June. It is critical during those

21
22
23

T 24

25
26
27
28

periods that spawning adulis and redds are pot disturbed by instream activities, such &s suction. |
dredging. Physical d1s1mbancc of adults apd redds during pre- and post-spawnmg activities can,
reduce the spawnirig success and subsequent survival of progeny.

7. Based on e:ushng evidence regaardmg the d1strib1m':m and abundance of coho salmon
and steelhead in the Kiamath River Basin, the additional restrictions will reduce direct conflict
between suction dredging activity and spawning adult coho salimon and steclhead. Further, rodds
created on dredge tzilings have been shown to scour following high flow events moreso than redds
t;reated on undisturbed substrates. Redd scouring will negatively affect the survival of incubating

DECLARATION OF NEIL MANII
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eggs. The additional restrictions are also expected tu limit suction dreﬁgc—mlated disturbance to
spawning substrates immcdiatelyﬁrinr_m spawning activity. This, the Department expects that the
additional restrictions will reduse the potestial for such related incidental impaots. |
Emergence J

| B, It can take several months for salmonid eggs to develop and for the sac fry to emerge
from the gravel. Emergence of chinook ffy occurs from November throngh March. Coho fiy
emergence canoccur from February throngh Tune. Steelhead emergence generatly occurs from April
through Tuly. Asmentioned above, it 13 critical that the developing eggs and sas fry are not disturbed
h ching those emergence periods. The additional restrictions ars jntendad to redz:lc'e those potential .

9. . Summer steelbead migrate to freshwater in Iate spring and oversummer in cool
tributaries until they spawn in earlyt_o mid- wmj:er Tribtttaries important to.summer steehead were
identified and prioritized and classified accordingly based on summer steethead abundance from
several years of surveys.

‘Juvenile Salmonids and Rearing Habitat

10. Unlike chinook salmon, juvenile coho reside in txibutaries for a year or more before
|| migrating to the ccean. . Due to a flexible life histoy, steelhead can reside for mumarous years
without migrating to the ocemn. Ovm'sumnmng habitat is thus critical to the survival of juvenile
cobe and steelhead. Through reports, sxvey data, and other information available to Departinent
biologists and other fisheries scientists from other public agencies and Native American tribes,
tributaries in which juvenile colio rear were identified. Many of the tributaries in this Klamath basin
| either rm dry by late surnzaer or have temperatures that exceed the lethal threshold for salmonids.
Prioritization of fributaries containing critical rearing habjtat was based on professional judgment
aﬁd the presence of juvenile coho or steelhead and the quality of the habitst (e.g., a streatn that
maintains conpectivity with the mainstem is of a higher quality than a strearn thst Ioses conectivity
or has high te‘mperaturcs). The Depaxtment agreed fo close to suction dredging (Class A) high
priority tributaries and habitats as part of the Stipulated Jedgment to protest those habitats, as well

1

as to eliminate direct conflict between suction dredging activity and juvenile coho or steethead.
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Sturgeon

i1. Strgeon are long-lived anadromous fish tha:trapoxtedlyreach reprnductwe maturity
at approximately 10-15 yearsof age. Like salmon, sturgcon spawn in frosh water streams and rivers.
Green sturgeon ﬁa.ve been documented o oceur and spawn successfully in the Salmon River, a
tributary to the Klamath River. Spawning occurs from April through.July while emaergence occurs
from April through Augnst. Again, it is critical that spawning adults and the developing eggs are
not dishubed. The additional closures and seasonal restrictions will protect the peak spawning
petiod of adult sturgeon in axeas where spawning az:tivityﬁas been reportedbstpamnénthiologism
and other agency biologists and scientific litexature. Recently emerged juveniles are reportedly poor
swimmers thatramam closa to éover while undcrgomg a downstream migration to reating habitats.
The additional ;nstncuons will reduce direct conflict of the eatly-etnerged jirveniles with suction
dredging activity md., whcrc tnbutaries are now closéd to suction dredging year round, protect
spawning, incubation, carly life history stages, and juvenile rearing habitat. '

Lamprey '

12, Lampreymalmanadromousﬁshthatspawnmthagrmlufstxeamsandnvm
Lamprey spawning ocouxs from April through Faly. It is critical that spawning adults are not
distirbed. The additional restrictions will rednce or eliminate conflict betwsen spawning lamprey
and suction dredging activity, as well as provide protectiori for the develuping eggs. The ammoceies
(ie, lampmy lawae) can yemain in the gravel for several yaaxs Whlchmakcsthm extrernely
vulnerable to impacts caused by suction dredging. The additional restrictions w111 provide greater
protection for all freshwater life history stagas. for lamprey.

' ' - Thermal Refagia

13. It has been documented that juvenile saltnonids use cold water thermat zefng:a around
the mouths of numercus tributaries to the Klamath, Shasta, Scott, and Salmon Rivers from about
May 15 through late September. As water temperature in the mainstem of the rivers reaches
critically high levels, these cold water refugia become extrampely mportant to §almnnid survival
Information from Department biologists identified theomal refugia arees during ficld investigations
that include fish kill investigations and juvenile fish surveys. In addition, thexe bave been several

“DECLARATION OF NEIL MANII
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1 I studies and observations conducted by other stats, federal, and tribal biologists that have identified
2 | and quantified thermal refugia within the Klamath River Basio. These SIMnMEr Toaring aeas wers
3 p:ri‘:'riti'.z'.e:dbasédcm;a,wvieimr of current thaunal refugia data zud information from other agency
4 || biologists, a5 weil as professional judgment from direct obssxvations. Designated thepmal refugia
5| are closed to suction dredging year round under the additional restrictions to avoid potential
GJ displacement or distorbance of juvenile coho or steelhead that may result from suction dredging
7 |l activitics. - ' _
gl Ideclars nnder penalty of perjury that the foregoing is tnie and corroct.
" Executed in Redding, California on Tauuary 20, 2006.
- 104 | |
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1 || studiss and obsen;ations sonducted by other state, fedeyal, and tribal biologists that have identified
2|l snd quantisied thermsl réfugia within the Klamath River Basin, These summer rearing aroas Were
3 || prioritizd based an a review of current therma) refugia data and information from other agency
4 || vinlogists, 25 well a8 professional judgment from direct observations, Designated thermal refugia

-5 fi are closed ta s_mcu'an dredging year found Imd.m' the a_ddi'tinnal restrictions fo avai’d. pntenti# -
6 || displacement or disturbance of juvenile coho or steelhead that may result from suction dredging
" 7 acrivities. o ' T
8 I declare upder pmalty of penury thar the foregomg is true and correct.
9 Executed in Redding. Californja on Jannary 20 2006. ' )
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Case Name: Karuk Tribe of California and Leaf Hillman No.: 05211597
v. California Department of Fish and Game, et al.
1 declare

Iamemployedmthe Office of the AttomeyGeneml, which is the office of 2 metnber of the »
California State Bar at which member's direction this service is made. ¥ am 18 years of age or older
and not a party to this maiter. I amn faniliar with the business practice at the Office of the Attomoy
General for collection and processing of correspondence for mailing with the United States Postal
Service. In accordance with that practice, correspondence placed in the internal mail collection
system at the Office of the Attorney General is deposited with the United States Postal Service that
same day in the ordinary course of business.

On Jazmary 20. 2006, ¥ served the attached

DEGLARATIDN OF NEIL. MANJ! IN SUPPORT OF OPPOSITION TO THE
OBJECTIONS OF THE NEW 49'ERS, INC., AND RAYMOND W. KOONS TO THE
FROPOSED STIPULATED JUDGMENT

by placing & irue copy thereof enclosed in a sealed envelope with postage thereon fully prepaid,
in the internal mail collection system at the Office of the Attorney General at 455 Golden Gate-
- Avenue, Suite 11000, San Francisco, California 94102-7004, addressed as follows; .

Roger Beers ' ’ Neysa A. Fligor.

Law Offices of Roger Beers Stein & Lubin LLP

2930 Lakeshore Ave., Suits 408 600 Montgomery Street, 14® Floor
Oakland, CA 94610 . San Francisco, CA 94111

(510) 835-9349 (415) 981-4343

James Wheatony :

Environméntal Law Foundation

1736 Franklin Stréet, 9th Floor

Ouakland, CA 94612

{510) 208-4562

.Additionally, T served a true copy by facsimile machine, pursuant to California Rules of Court,
nile 2008, in our facsimile machine 2t (415) 703-5480 and faxed the documents to ((510)
835-9849, (415) 981-4343, and (510) 208-4562. The facsimile machine I used complied with
Rukeé 2008, and no exror was reported by the machine. Pursuant to Rule 2008, subdivision (e)(4),
I camsed the machine to print a record of the transinission, a copy of which is attached to this
deciaxation. .

I declare under penalty of perjury under the laws of the State of California the furegonigls true
and correct apd. that this declaration was executed on Jaguaty 20, 2006, at San Francisco,

California, _ .
Elza Moreira : ‘ ' @”{ K

Declerant - Signature
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State of Californla - The Resources Agency _ARNOI D> SCHWARZENEGGER. Governor
DEPARTMENT OF FISH AND GAME ' ,

A!i Suct:on Dredge Pemiitlees

Attached at the end of this document are me Departmant of Fish and Game's
current regulations applicable 1o suction dredging in tivers, strearis, and lakes.
To use the regulations, fgl!ow the steps below.: .

Step 1: Review the general regulations on suction dredging (Cal. Cade Regs.,
tit. 14, § 228), especdially the sections on "Equipment Raqguirements”
{Cal. Code Regs., tit. 14, § 228(e)) and "Restrictions on Methods of
Operstion” {(Cal. Code Regs | fit. 14, § 228(f)).

Step 2; To determine the season dusing which suction dredging is allowed and
any special resfrictions that apply to the siream, river, or lake in which
you intend to suction dredge, complete the following steps:

1. Note the classifications (Classes A-G) in section 228.5(a) under
“Suction Dredge Use Classifications and Special Ragulations.”
The classifications spet:lfy the time period when suction dredging
is allowed.

2. Hnd the name of the river, stream, or leke in which you intend to
suction dredge in section 228.5(d). Any special restrictions will be
listed. If the sftream, river, or lake is not listed by name in section
228.5(d), go to step 3. If you intand fo suction dredge in the
Kiamath, Scott, and Salmon Rivers, or their tributaries, new
restrictions on suction dredging in those waters took effect
on November 30, 2005. The new restrictions are discussed In
‘the attached “Additional Information Conceming Suction
Dredging.”

3.  In section 228.5(b), find the county where the river, stream, or
lake you intend to suction dredge is located and note the
classification. The classification for that county will govern when
you may suction dredge. ' '

Siep 3: Carefully read the attached “Additicnal Information Concaming Suctlon
Dredging” for more information.

if you have any questions regarding suction dredging, contact the Departinent
! : regional office that serves the county where you infend to suciion dredge. The
. ’ regional offices are listed in the general and special suction dredge appllcations .
and at www.dfg.ca govllicensing/officelocation html.

LaS 8008 - (Rev.12/05)
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DDITIONAL INF ATION CONC. NG SUCTION DREDGI

1. neral Information
The regulations in Sections 228 and 228.5 of file 14 in the California Code of
Regulations generally govem suction dredging in California. In addition to those
regulations, other faws, regulations, and pnlicles may apply, including, but not
limited to, the following:

_ = A suction dredge permit does not allow trespasslng Be sure you have
permission from the landowner or the land managing agency before entering
pnvate and publlc Iands

* Substantially altering ﬂ'le flow, or the bed, bank, or channel of a river, stream
: or lake may require a Lake or Streambed Alteration Agreement. Contact yaur
local Department of Fish and Game office for detaiis.

= Waters in National Parks, National Monuments, State Parks, and designated
- - wilderness areas may be closed to suction dredglng Contact the appropriate
agency Tor details.

- Some waters in the San Gabriel Mountains are closed. Contact the Angeles
Nationai Forest before suction dredging in those waters.

« Porlions of the Sequola and Sierra National Forests, designated as the Kings
River Special Management Area, are closed lo suction dredglng Contact the
appropriate U.S. Forest Service office for detalls.

- The Aubumn State Recreation Area has special résl:rictions on suction
dredging. Contact the Auburn State Recreation Area office for details.

= Suyction dredging may be restricted in waters designated under the state and
federal Wild and Scenic Rivers Acts, Waters designated under the acis
include portions of the American River (Narth Fork and Lower American
River), Big Sur River, Eel River, Feather River, Kem River, Kings River,
. Klamath River, Merced River, Sespe Creek, Sisquoc River, Smith River,
. Trinity River, and the Tuolumne River. - Contact the state Resources Agency
or federal land managing agency for details.

2. Special Suction Dredge Permits

The Department may not issue special suction dredge permits fo suction dredge
in closed areas or during closed seasons, The Office of the Attorney General
has advised the Departmerit that to the extent the regulations allow the
Department to issue such special permits, they are invalid because they exceed
the scope of the Depariment’s statutory authority under Fish and Game Code

LAS 2008 . 2 ' . - (Rav, 12/05)
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section 5653. As a result, the Departiment no longer accepts applications for
special permits to suction dredge In ciosed areas or during closed seasons.
However, the Department may slill issue special permits to suction dredge with
an iniaske nozzle larger than prescribed In the regulations, subject to compliance
with the California Environmental Quality Act,

trictions on Suctic Ing [n the Klamath. Scoit

. Na
Salmo ra., and Their Tribiitarles

. New restrictions on suction dredging in the Klamath, Scott, and Salmon Rivers,

- and their tributaries took effect on November 30, 2005. Tite new raestrictions
(attached) are the result of a lawsuit brought by the Karuk Tribe against the
Depariment of Fish and Game. (Karuk Tribe, et al. v. Calffornia Departrent of

‘Fish and Garne, et al., Super, Ct. Alameda County No. RG 05211597.) The
Karuk Tribe filed their lawsuit in May 2005, alleging the Departiment was violating
the Calffornia Environmental Quality Act and Fish and Game Code section
5653(b) by issuing permits to suction dredga in the Klamath, Scott, and Salmon
Rivers, and their fributaries under the Depariment's existing regulations for
suction dredging. {See Cal. Code Regs., tit. 14, §§ 228, 228.,5.) The new
restrictions on suction draedging in the Klamath, Scott, and Salmon Rivers, and
their tibutaries will substantially iessen the potential for imnpacts on coho salmon,
a species listed as threatened under the California Endangered Species Act, and
other sensitive fish species, including Jamprey and green sturgeon.

'Mos’c of the new restrictions modify the existing restrictions on suction dredging in
the Klamath, Scotf, and Salmon Rivers, and their tributaries in the Department's
suction dredge regulations. Where the new restrictions conflict with the existing

restrictions, the new resiricticns apply. All persons who obtaln a suction

dredge permit on or after November 30, 2005, will need to compily with g;e
new ictions. -

LAS 9008 _ . 3 (Rev, 12/08)
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NEW RESTRICTIONS ON SUCTION DREDGE MINING

EFFECTIVE NOVEMBER 30, 2005
THE KLAMATH RIVER AND ITS TRIBUTARIES

Suction dredge mining is NOT aliowed:

1.

On the main stem of the Klamath River from its confluence with the Trinity
River to Iron Gate Dam axcept from July 1 through September 15.

On the following fributaries of ithe Klamath at any fime of the year: Indian, Elk,
Dillon, Independenca Biuff, Red Cap, Camp and Clear Creeks.

On alf other Klamath River tributaries, except from July 1 ﬂrraugh Septernber
75. .

THE SALMON RIVER AND ITS TRIBUTARIES

Suyction dradga mining is NOT allowed:

1.

G.

On the main stem Salmon River fromn its confluence on the Kiamath River to
the Forks of the Salmon River (i.e., the confluence of the North and South
Forks of the Salmon River) at any tJma during the year. .

On the North and South Forks of the Salmon R;ver. except from Ju!y 17
through September 18,

.- On the foliowing tributaries of the Saimon River at any time of the year. Butler

Creek, East Fork Knownathing Creek, Indian Creek, Keily Gulch,
Knownothing Creek, Little North Fork, Methodist Creek, Negro Creek,
Nordheimer Creek, and Specimen Creek. -

THE SCOTT RIVER AND ITS TRIBUTARIES

Suction dredge mining is NOT allowed: - .

1.

On the Scott River from its mouth to Headwaters, excepi!' frorm July 1 through

Sepiember 15.

On the following tnbutaries of the Scoft River af any time of the year: Big Mill
Creek (East Fork); Boulder Creek {South Fork), Canyon Creek, Eina Creek,
French Creek, Kangaroo Creek (East Fork), Kelsey Creek, Kidder Creek,
McAdam Creek, Miil Craek (Scoit Bar), Mill Creek (aka Shackleford/Miil),
Miners Cresk, Moffett Creek, Patterson Creek, Shackleford Creek, South
Fork Scott River, Sugar Creek, Tompkins Creeic, Wildcat Creek, and Waoliver

_ Creek,

LAS 5008 4 {Rev. 12/05)
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D. THERMAL REFUGIA

Thermal refugia areas are located at the confluence of the tributary and the
main stem of the river. Suction dredge mining is NOT ellowed af any fime of
the year at the thermal refugia areas designated below within five hundred
(500) feet up tha named tributary from the confluence with the main stern and
five hundred (500} feet up and downistream on the main stem from the
confluence of the fributary with the main stem.

. The thermal refugia on all direct tributaries on the Kiamath, Salmen, and Scott

Rivers that are closed to suction dredge mining for the entire year as listed
above,

- The thermal refugia areas at the confluence of the foliowing tributaries with
the main stem of the Klamath River: Beaver Creek, Bluff Creek, Bogus Creek, -

Boise Creek, Camp Creek, Clear Creek, Coon Creek, Elk Creek, Grider-
Creek, Hopkins Creek, Horse Cresk, Hunter Creek, independence Creek,
Indian Creek, Irving Creek, Litle Grider Creek, Pearch Creek, Pecwan Creek,

‘Red Cap Creek, Rogers Creek, Salmon River, Salt Creek, Scoft River, Slate

Creek, Swillup Creek, Thomas Creek, Ti Creek, Tom Marten Creek, Trinity
River, and Ukonom Creek.

The thermal refugia at the confluence of al! tributaries on the North Fork of the
Salmen River from Eddie Gulch fo the Forks of the Saimon (i.e., the
confluence of the North and South Forks of the Salmon River) and Crapo

Creek on the main stem below the Forks of the Salmon River.

LAS 9008 ’ 5 - {Rev. 12/05)
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FIGURE 1: Historical Map of Coloma. California by
Waidemar timdren (1894}, United States Geological
Survey Folfa#3 - Piacerville, Galifornia, Economic
Beology - northwest (Couriesy of: Cralg Gouchj
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INTROCDUCTION

Mercury has been used widsly since the dawn of recorded history for goic mining. During Calfornia's
gold rush, goid miners used about 6 mitlian kilograms or 6.6 thousand tons of mercuty {Churchill,
20001 10 secover over 3.6 thousand Tons of goid {Bulletin 193). The weight ef mercury used
is roughly equal to fhe tatal weight of 2 9-mile long tine of 2,750, full sized pickup

. trugks {nate: the pick up truck line Bqualing gold recovered wouid only be 5 miles
" leng). The miners iost aboet half of the mercury to the enviromment.

Using historicai records, Churchiil {2000) estimated that tofal mercury losses ranged between 2.3
million and 2.6 mitlion ilograns for placer and lode mining in the Sierra Nevada Geomorphic
Province. Consequently. elemental mercury from the gold rush is stiit found, sometimes in
amounts that constitute a local hotepos (.., a focation where visitle elemental mercury is found)

FIGLURE 2. Steve Frankiia and SWRCB siaff sampied ihe
hatspat sn Judy 8. 2003, and recovered abowt 125 grams
of fareury it about three hours from the river using stmple
sction secovery fools. Mercury was visible as dropiets
rarging from one 1o Ien mitimeters on bedrock in Hie river
channed. (Photo by: Rick Humphreys, DW0)

ity Sierra Nevadds watersheds where gold mining oecurred. In March 2003, a recreationai gold
miner reported a mercury hotspot in the Souti: Fork of fhe American River near Lotoma, fo State
VWater Resources Cono! Beard stafl. twas ine first time a recreational gold miner had reveaied
1 & foispet iocations to 2gercy staft. Goloma is Californias historic "Gold Discovery” siteas James
W Marshali's discovery there wn January 1848 initiated e 1849 gold wush. Steve Franklin, e
recreational gold miner who raported the hofspol, claimed fo have recovered about a kitogram of
mercury while gold mining from the hofspot dusing January and ebruary 2003,

Finding a hotspot near Coloma raised questions about its potential threat to human
health, effects on local fish, and threat to water quality. Moreover, ifs discovery
presenied an opgoriunity to lest the notion that recreational gold miners effectively

clean up mercory hoispois while suclion
drodging fos gald. There 8 1o record of any
atternprs by state of federal agencies to clean up
amescury holspot in a Caliiornia river. But State
and federal agencies have discussed whethier
sncouraging o7 ever, providing supnod fos
recraational gok! miners io clean up hotsnots
is viabie and wise. The pros are that thers is 2
potentially large, volunteer workforce. The coss
are that oversight would be difficult and, up fo
now. no data suppored tha notion that suction
dredges could ecover mercury efficiently.

Berregtional gold gredging on public and privale
lands is a maderately poputsr achivily in California.
Thie Department of Fish and Gare (DFG) issues
several thousand permits annuaily to recreationa!
gold dredgers. Alang with gola. reorealionad
iredosrs recover iron {pails bolts, efc.j. jead

EHGURE 3 Under waler photograph shewing river
sedimant, bedrock, and mevcpry droplers. (Photo by: Rick
Humphrays, DWG)

{fishing weights, buckshat, and spent Duilets)
anel mercury {elemental nercury, mercury/gotd
amalgan. and meury stined gold). Over the
past several years, Uniied States Forest Service
{LISFS), Bureau of Land Maragerment (BLM)
and State agsncy staft have discussed setiing
Up @ Mmercury recovery piagram for recrsational
dredgers. Incentives (e.g. cash e mercry, fae
treciping permits, nes areas opaned for drecging)
were proposed in exchiange for mercury fumed in
by recreational dredgers. Ofiering such incentives
was and remaing confroversial for a variety of
TRASONS AFG @ MAICUIY fECOVETY program was ol
skiied. Moreover, an imporfant drawback
was that the sificiency of a standard
sitction dredge at recovering mercury
was uakpown. Consequently, no ong krew
i mercury wouid be fost along with wasie
sediment from a sucton dredge. Ciary, 2 mer
CUry TeCOVETY program that dispersec 2lemental
mercury back into 2 stream in substantial
amnunts would be uracceplable. The Tntspol
presented en opportunity 1o detsrming e mer-
cury recovery efficiency of a suction dredge

Studying the hotspot may alse ravesl bedrock -

eharacieristics and sedimant transper condi-
tions that cause hoispots, and the elfects that
concentrated merury nas o focg fish. This
repol documents the reseits of a suction dredge
fest that was completed in Seplerbes 2063 by
Stale Waler Board, USFS, and DFG st



HoTsPOT SETTING

The hatspol is localed mid-channe! in the
South Fork of the American River, 2 few miles
downstream from ihe Marshalf Goid Discov-
ey Stale Park at Coloma. Surface placers
and in-river grave! accounted for most goid
procuced from the asa during the gold rush
and in-river dredging recoversd morg goid
during the 1930s and 19405 (Bullefin 193).
These histeric mining operations are the likety

FECTTAITY SOMCE.

The hotspol is focated on the downsiream side
of 2 fow hedrock hump thal extends acroess the
eiver chanme: pemendicular o its Tlow. Because
the hnlspot remains underwater under aii
observed [low conddions. State Water Board
skir divars recorded how the mercury occurred
o bedrack and in fiver sediment visually,
The bedrock hume is shaped ke & low-pitched
roof. River sediment forins wedge-shaped
degosits on the up and downsirearn sides cf

the hump. Fasily visible, smalt {e.., Tmm]

FIGURE 4= “The hoispot is ipcated mid-channe! ini the
Sourth Fork of the American River, a few miles downstream
from the Marshalt Gold Discovery State Park at Coloma.™
{Photp by Rick Humplireys, DWE)

DOWN STREAM
SEDIMENT

FIGURE 5: Cross-seciional view of streamm: graphic Showing wiere mercury deposits o hedrock.

mercury draplels permeste the segiment at fhe
thin upstrean edge of the downstieam wedge
(seefin.2). Ha “anning” stirsup fine-grained
seciment, which is carried away by the river
current. Elementat marcury. huwever, ramains
ot hedrock, 2nd confinued fanning causes small
mercury dropigls fo fall info bedvosk depres-
sions and irachires. When mercury droplels
touch, they fuse into much large droplets
fup to 25 millimelers). Hand fanning the
upsiream sedimeni wenge also exposes
eiemental mercory in bedrock depres-
sions and fractures but in much smatler

amourts thian on the downsiream side.

Rivar flow at e hotspol 15 usnontralied dur-
ing winler and spring runot! but corirofied for
hydroelectric and recreationat rattiag purposes
tor the sest of the year. During contiotied tlow
pericds, flows typicaily rangs from 200 to
1 900 cubic teet per second (cfs) daly. High
runoft coincides with winter storms, and these
tiows nave ranged to 80,000 ofs as recently
as 1047 Post dredgs tast inspeclions show

that during low fiow pesiods (200 ofs), sedi-

mant does not travel over the bedrock haml
Rut post dredge test inspections aiso showed
that mercury had re-deposited on bedrock
ihat had been dredged clean Highier controtied

fiows may be moving sediment and mereury

over the hump but attermpts to observe sedi- B

ment mavement directly at higher Hows proved |

{00 cangerous.

Mercury may conicentrate at the hatspol because
afferii is carried over the bedrock hump during
high fiows, it encounfers a iow flow velocily
zore of the downstrzam side of the bedrock
hump. The river current on the downsiream
side facks the power to move MSICHIY anyimoe
sq il drops out on bedrock on the downsiream
side. Fthis seensrin is correct, periedic mer-
cury recavery from ihis location might
be praciical. A mercury 1emoval systems
cesign would depend on the site’s the physical
chmracteristics which ars unknown. A defailed
evatuation of mercury and sediment transpor
ang Rew velocity at the hotspot surface would
be necessary i perindic mercary removal from

this site 3 considerad.
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- SUCTION
" DREDGE TEST

The USFS volunteered their mineral svaluation
team, based in Redding (Rich Teixeira, Jim
DeMaagd, and Tera Curren), i0 perform ihe tesl.
 Accarding to Rich Teixeiria, the teamm’s dredge
_is a Keens Engineening [loating 4 inch dredge
powered by 2 Honda 5.5 fersepowes engine.
"It is similar to those used by recreational
dredgers 1o recover gald (see fig.2). A single
stuice box used carpet and riflles but Ao
“miners” moss (i e., woven riylon fabric placed
" between the riffies and carpef for enhanced
* gold recovery).

3 The team performed the dredge eficiengy fest
1 onSept.15,2003. The 63.5kg sediment sarmple
J used in the test had bean collected by Staie
1 Water Board siadt from the hotspot and charac-
§ tarized for grain siz2 and mercury content. Stale
Water Board stafi analyzed the sample’s grain
size at the Cat Trans Laboratory in Sacramento.
The sampie classifies s a “clean gravel with
sand” ynder Unified Soll Classification System.
Visuat inspection of size fractions showed that
almost ail the fiquid mercusy rested in the
fraction that oassed a 30-esh sieve {0.6mm}.
The mercury cornitent of this frachion served
35 a surrogate for the mercury content of the
entire satmple. Chris Foe of the Central Vatiey
Regional Water Quality Control Board had two
30-mesh passing fractions of the samwe ana-
tyzed for mercury by ALS Chemex Laboratory
inRenc, NV, Twe suspended sediment samples
of the bulk sample fie., samples of sedimeni
that sefffed out of water used for sieving after

FIGURE 6. Dredping the hetspol. {Phofo by Rick
Humphreys, DWQ)

an hour) were sent to ALS Chemex Laboralory
for mercury analysis. A second set of samples
from archivad material was senl to Frontier
Beosciences in Sealtls, WA after refiability
problems were discovered with analyses per
formed on standards by ALS Chemex. During
the tast, the USFS leam captured sediment iost
off the sluice i a catch basin for later nalysis.
Smali mercury droplets and fine, barely dis-
sernable droplets (ie., Poured mercury) were
characterisiic of these samples. After the tesf,
30 mesh and finer dredge concentrates and
“waste” sediment were sent to ALS Chemex
iaboraiory. ALS Chemax Laboratory used an
analvlical methad that could niot quantity the
high mersury concentration in tha mescusy-rich
samples. Sna second set of samples was sent
fa Frontier Gensciences for analyses.

The ieam {USFS and State Water Board siafl)
dredoed the hotspol the next dzy on Sept.
16, 2003, and DFG staft recorded the test
on video,

RESULTS -
LLABORATORY
DATA

ALS Chemex reporied that the mer-
cury conteni of the samples received
exceeded the upper delection Hmil of
the anatysis used and did not reanalyze
the samples  As a resull, the Frontier
Geosciences anafyses were used for
this ‘rep_ort ‘The bulk sample mercury
concentraiion was 1,170ppm: the mer-
cury cunceniration-ﬂf the sediment
captured by the dredge was 1,550ppm,
and the mercury concentration of the
sediment lost hy he dredge was 240ppm.
The suspended sediment sdmple mer
cury concentration was 298ppm.  Note
that these mercury conceptrations are
quitc high. MI@ICUTY concentra-
tions of the waste andf suspended
sediment are over an order of mag-
nitude highsr than the minimum
concentration necessary
for elassification as a Califomia
hazardous waste (20mg/ka).
The suspended sediment’s tigh mercury
gonient is probiematic becauss akter re-
suspension by dredging, it can be carried

long distances by stream current.




RESULTS -
SUCTION DREDGE EFFICIENCY

i necessary o know hiow siemertal mercury, Wi is @ serse fioud, behaves physically
wiren evalusling e aboralory resuits. During diecging, Targe mercury dronteis were broken
up inio smali droplels oy turnlence. Trg shengmencn is cailed “Ropitng” and it s deserieg
a6 a malor cause of mercury loss by historic hvdraulic qoid rining operiions. Cowcunding
raiers i mercany’s ebildy @ form arge eroplels from smail draplets. This causes meItury
enrichriant of sediment capiured on the sluice hecause small mercury croplets et 2re caughi

- ift the low velocily area behind the sluice
fitfes [1se info large droplets just as ey
do an the gownstream sids of the bediodk
R, Stuice sediment sampias had tasge
and smali merr.:ury'(%mp%eﬁ. Such sanpies
are subject lo anaiyiicat bias from eilfer &

single large mercury droplel, of the absence

FIGURE 7: Mercury panned from a smail ereek  OF &Ny rerGuey dropleis,
betow the Sailor Flat Hveraulic Mine, Nevada County.
{Phato by: Rick Humphizys, DW0)

Bias probably is affzcting the analytical
rasulls for the efficiericy lest. The Tosrsuiry concentration for the caplured sediment is 32
percent higher than et of the parent sample, and tha: may be becauss the captured sadi-
et samnle anaiyzed had one or b large mercury droplats. However, in ahsolie frms.
e mercury concentraiion of both samples agress fairly well. Mercury CORGRATTZEENS N
sediment 1ost by the dradge was averaged (30-nesh and firier and suspended sefimend).
The mercury concentration of the jost sedimen? fracfions is abeul 2 perent that of the et
sediment's mercory concaniation. Thus, he drecge removed about 98 percent of the marcasy
from fhe tas7 sample oased on concenalion. Unforunately, 2 mass hatence of sediment
capiuredt and log], a5 parl of the tost was NG performed Because we did not frave an accurate

intat mass o the lost frackon.

The test showad it 2 ypical suction dredies sat up o recover gold reooverad abod 98
perceni ol the mercury in the hinh-rmerowry, test sedimen! sampie. Howswer, thaloss was

in sediment taat had high marcury confent and is easily iransported away Dy fie rivar

RESULTS ~
IN-RIVER TEST

The team dradged about four yards o about
5900 kifngrams (6.5 tons) of sediment from
the fiotspot Team mesmbers used special care
te find and dredge large liguid ey dioplels
as well s mercury-laden sediment trom; the site
During cigan up after ihe fest, team members
noted large mercury droplets caplured on ihe
sigice. From the 30-mesh passing fraction.
SWRCE stalf separated about 0.5kg liguid
mercury (see fig. 4). The remaining 2 2kg of
sediment retained a substantial amount of figuid
mescury as smalt (e.g.. 1emj and fine dropiets
ot fioured mercury, whish #oated on waler used
fo immerse the sediment. Separafing residuat
mercury from the sediment by physical means
proved impossible. The raercury conlent of a

1.1kg sample was deterrmined directly healing g
ihe sample and recovering the mercury vapo! |

{i.6., relorting). The retored sample contained
20am of mercury of 1.8 percert. The diadge
concentrate contained 540gm of mercury (Rguid
mercury + retorted mercury/ 1.1kg x 2). which
accounted for ahout 20 percent of the sample
mrass (540gm mercury/2.7kg sieved sample
» 100).  Note that the mercuiry concentralion
of captured sadiment from the i rver lestis
ahoul ten fimes higher than that regorted for
the etficiancy lest. The diflerence likely refiects
the suceess of the dredge tear in finding and
dredging up mercury droplets during the in
river test.

HGURE &: Jim DeMaage and Rich Teixeina selting up
the dredae. (Phota by Rick Hemphreys, DWE)




FIGUFRF 9. Liguid mercury (about 0.5kg} sepaiziad
from sediment captured by the dredgs. {Phole by: Rick
Humpirevs, DWQ)

CONCLUSIONS AND RECOMMENDATIONS

.-I:’a.

A suchon dredge set up 1 Tecover gold recovered liguid mercury from ihe mercHry holspos.
The dredge recovered about 98 percent of the mercury in a lest sediment sampla enriched in
mercury. Merury soncentrations in b fine and suspended sediment Jost from e dredge
were mors than len fimes higher than that needed §o classiy i as a nazardous wasle.

Lot sediment with high mescury fevels is, in effect, mercuty recycied Lo the envitoament.
Floured mercury in fine sediment and mercury aliached to clay particles in suspended
sediment may be carriad by the river to envisonments where mercury rmethylation occurs
and where fish have high mercury concentrstions. The consequancas of Raving Hoursd
mearcury added to bislogically aclive areas whiere mercury methyiation already ocours
are currently unknown because the methylation polential of floured clemental mercliy is
unknown. But tests are underway at the DEG laboratory 21 Mess Landing to determine the
methylation poteatial of floured mercury in sediment sarpies from this hoispat.

{is unacceplable lo encourage suction dredgers to “clean up” in sream mercury hotspots
necause dredges release too much mercury in easily transportable forms. There may be
other reasons fo discourage suction dredging of mercury hotspots nnce the bigavaiiablity
of floured mercury becomes known. 1t would be advisable for Jand managesent agencies
0 nontact dredgers through their clubs and diseourage them from brving to dredge liquid
merciry from in-river hotspots o public lands. Removing mercury with hand-cperated
suction tubes, o belier vet reporting hotspot localions fo land managerent agencies 1s
3 befter siraiegy.

it might he possible o design a shore-based recovery system fof the Colorma hotspot and
recover mercury annually. Sucha system would neec to minimize meroury foss. Recovery
equipment would need to be held in sforage during notuse and operated by trained stall
Proger perrmits {e 4., in sirsam alteration. and, mercury tispesai or recyalingd woud be
needed. Such a project fs more complex and costly in Bme; manay, and commitment
than previously considerad projects. Devefoping such a system might result in fechrical
advances that could be applied o dredpes sed by gold dradgers.

The sediment (ranspori paramaers that cause mercury 1o concenirale should be characier
ized. Such a charactsrization ak Coloma mighthe usefti for predicling where othar holspols
are laczted is the Scuth Fork of the Americen River and ather watersheds. and i woud
pravide the daia for a recovery project described abowe.

The woispot’s eifect on fish and mvertebiates in this segment of South Fork of the American
River shoutd ba determined

I
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FIGURE 12+ Linder waler dhiver searches for Mercary, (Phote by: Rick Humphroys, DW0)
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FISHERIES HABITAT

Effects of Suction Dredging on Streams:
a Review and an Evaluation Strategy

By Bret C. Harvey and Thomas E. Lisle
ABSTRACT

Suction dredging for gold in river channels is a small-scale mining practice whereby streambed
material is sucked up a pipe, passed over a sluice box to sort out the gold, and discarded as tail-
ings over another area of bed. Natural resource managers should be concerned about suction
dredging because it is common in streams in western North America that contain populations of
sensitive aquatic species. It also is subject to both state and federal regulations, and has provided
the basis for litigation. The scientific literature contains few peer-reviewed studies of the effects of
dredging, but knowledge of dredging practices, and the biology and physics of streams suggests a
variety of mechanisms linking dredging to aquatic resources. Effects of dredging commonly
appear to be minor and local, but natural resource professionals should expect effects to vary
widely among stream systems and reaches within systems. Fishery managers should be especially
concerned when dredging coincides with the incubation of embryos in stream gravels or precedes
spawning runs soon followed by high flows. We recommend that managers carefully analyze each
watershed so regulations can be tailored to particular issues and effects. Such analyses are part of
a strategy to {1) evaluate interactions between suction dredging and other activities and resources;
(2) use this information to regulate dredging and other activities; (3) monitor implementation of
regulations and on- and off-site effects of dredging; and (4) adapt management strategies and reg-
ulations according to new information. Given the current level of uncertainty about the effecis of
dredging, where threatened or endangered aquatic species inhabit dredged areas, fisheries man-
agers would be prudent to suspect that dredging is harmful to aquatic resources.

uction dredging for gold is a small-scale min-
ing practice whereby streambed material is
excavated from a wetted portion of a river
channel and discarded elsewhere. Suction
dredges use high-pressure water pumps driven by gaso-
line-powered motors to create suction in a flexible intake
pipe [commonly 75-300 cm (3 in-12 in) in diameter]. The
intake pipe sucks sireambed material and water and pass-
es them over a sluice box that is usually mounted ona
floating barge. Dense particles (inclading gold) are trap-
ped in the sluice box. The remainder of the material is dis-
charged into the stream and ean form piles of tailings or
spoils. Large boulders, stamps, and rootwads may be
moved before excavating a site, and rocks too large to
enter the intake pipe are piled nearby. Dredging can vary
in area from a few small excavations to the entire wetted
area in a reach and can exceed several meters in depth.
- Material is commonly dredged from pools and cast over
downstream riffle crests.

Suction dredging is common during the summer in
many river systems in western North America. It can
affect aquatic and riparian organisms (Griffith and
Andrews 1981; Thomas 1985; Harvey 1986), channel stabil-
ity (T. E. Lisle and B. C. Harvey, personal observation),
and the use of river ecosystems for other human activities.

Bret C. Harvey is a fish ecologist and Thomas E. Lisle is a
geomorphologist for the U S. Forest Service, Pacific Southwest
Research Station, 1700 Bayview Drive, Arcata, CA 93521 USA;
707/825-2926; beh3i@axe humboldi.edi.

8 Fisheries

Suction dredging is regnlated by both state and federal
agencies, based in part on the U.S. General Mining Law of
1872, Organic Administration Act of 1897, and Clean
Water Act of 1972. Suction dredging is an important issue
to fisheries professionals because many dredged streams
contain threatened or endangered species, and the ade-
quacy of agency management of suction dredging has
been legally challenged. Surprisingly, the effects of suction
dredging on river ecosystems have not been studied
extensively. A literature search yielded only five journal
articles that specifically address the effects of suction
dredging (Griffith and Andrews 1981; Thomas 1985,
Harvey 1986; Hall 1988; Somer and Hassler 1992).
However, some impacts of dredging can be predicted

from general knowledge of physical and biological
Processes m streams.

Our goals in this paper are to summarize potential
effects of suction dredging on stream biota and physical
channel characteristics and to propose a basin-scale strate-
gy for evaluating the effects of suction dredging. We also

. identify several research areas critical to itnproving man-

agement of suction dredging in streams.
On-site effects of dredging

Entrainment of ovganisms by suction dredges

State regulations generally limit dredging to summer
months_ but dredging can still overlap with fish spawning
and incubation of embryos. In some streams salmonids do
not emerge from the substrate until summer, and many

Vol. 23, No. 8
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nonsalmonids have protracted spawning periods extend-
ing into summer (Moyle 1976).

Griffith and Andrews (1981) observed a range of mortali-
ty rates for aquatic organisms cnirained into a suction
dredge. Mortality among benthic invertebrates in four Idaho
streams was generally low (<1% of more than 3,600 individ-
uals) but was highest among an emerging mayfly specics. In
contrast, entraimment inereased mortality of the early life
history stages of trout. Mortality was 100% among un-eyed
eggs of cutthroat trout (Oncorhynchus clarki) from natural
redds but decreased to 29%-62% among eyed cggs. Similar
tests at a commercial hatchery with eyed eggs of rainbow
irout (0. mykiss) revealed littde difference in mortality after
10 d between a controt group {18% mortality) and a group
that passed through a dredge along with gravel (19% mor-
tality). Sac fry of hatchery rainbow trout suffered >80%0 mor-
tality following entrainment, compared to 9% mortality fora
control group. Enfrainment in a dredge also would likely

kil larvae of other fishes. Sculpins
{Cottidae), suckers {Catostomidae),
and minnows {Cyprinidac) all pro-
duce smatl larvae (commonly 5
mm-7 mm at hatching) easily dam-
aged by mechanical disturbance.
Eggs of nonsalmenid fishes, which
often adhere to rocks in the sub-
strate, also are unhikely to survive
entrainment. Fish eggs, larvae, and
fry removed from the streambed

by entrainment that survived pas-
sage through a dredge would probably suffer kigh mortal-
ity from subsequent predation and unfavorable physico-
chemical conditions.

Most juvenile and adult fishes are likely to avoid or
survive passage through a suction dredge. All 36 juvenile
and adult rainbow and brook trout (Salvelinus fontinalis)
entrained intentionally by Griffith and Andrews {1981)
survived. Adult sculpin also can survive entrainment
(B. Harvey, personal observation).

Effects of excavation on habitat

Direct disturbance of streambeds, including dredging,
tends to destabilize naturat processes that mold stream
channels. Channel topography, bed particle size, and
hydrautic forces in undisturbed natural channels mutually
adjust so variations in stream flow and sediment supply
usually create only modest changes from year to year
{Dietrich and Smith 1984; Nelson and Smith 1989). These
adjustments allow & channel to transport its load of sedi-
ment. Fxcavation by dredging directly causes significant
local changes in channel topography and subsirate condi-
tions, particularly in small streams. The resulting destabi-
lization may increase local scour or fill in parts of the
streambed that were not directly disturbed. Because
hydraulic forces and sediment transport rates vary widely
among and within chapnels from year to year, the persis-
tence of dredging-related alterations also can vary widely.
For example, dredged channels would be less likely io be
remolded annually if they were downstream of im-
poundments or diversions that decrease peak flows and
trap bedload.
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Dredging that excavates strcambanks may have long-
lasting effects because sireambanks are commonly slow to
rebuild naturally (Wolman and Gerson 1978). Exosion of
streambanks is likely to be greater where (1) streambanks
and riparian vegetation are directly disturbed by suction
dredging and related activities; (2) streambanks are com-
posed of erodibfe materials such as afluvium; (3) dredging
artificially deepens the channel along streambanks; and
(4) the roughness of streambanks and the adjacent bed is
reduced. Bank roughness in the form of large rocks, roots,
and bank projections tends to reduce hydraulic forces on
streambanks {Thome and Furbish 1995).

Dredging near riffle crests (the transition between pools
andd riffles) also can pose special problems for channel sta-
bility. If dredging causes riffle crests to erode, spawning
sites may be destabilized, and upstream pools may be-
come shallower. Disturbance of riffle crests also can desta-
bilize the reach immediately downstream. Rifle crests are
commonly flat, so any
imposed topography would
tend to deflect the flow to
one side of the channel
downstream, promoting

bank ercsion, and scour and
fill of the bed (Figure 2).
Dredge tailings placed in
different locations from year
to year would exacerbate
these impacts.

In some locations excava-
tions may temporarily improve fish habital. Pools can be
temporarily formed or deepened by dredging. Deep scour
may intersect subsurface flow and create pockets of cool
water during summer, which can provide important habi-
tat for fish (Nielsen et al. 1994). At low flows, increased
water depth can provide a refuge from predation by birds -
and mammals (Harvey and Stewart 1991). Harvey (1986)
observed that atl eight fish occupying a riffle during late
summer in Butte Creek, California, moved into a dredged
excavation ncarby. However, dredged excavations are usu-
ally short-lived beeanse they tend to be filled with sedi-
ment during high flows.

Piling of cobbles

Miners commonly pile rocks too large to pass through
their dredges. These piles can persist during high flows
and, as imposed topographic high points, may destabilize
channels during tigh flows, as previously described. Piles
of cobbles probably have only minor, local effects on the
abundance of aquatic organisms. Taxa that strongly select
large, unembedded substrate [e.g., speckied dace (Rhinich-
thyves osculus)] might become more abundant where cobbles
are piled.

Deposition o f tailings

Sediment mobility

Gravel and coarse sand cast downstream during dredg-
ing tend to remain as loose tailings because there is insuf-
ficient power to transport them downstream. Fine sedi-
ment (clay, silt, and fine sand) will be carried further
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Thomas (1985) and Harvey (1986) measured significant reduc-

downsiream in suspension, but minor ortions of this ¢ e
prop tions in some benthic invertebrate taxa within 10 m of

material are usually present in gravel sireambeds (Lisle 1989). ‘
Moreover, a single dredging operation cannot mobilize signif-  dredges that disturbed the substrate. Harvey (1986) found

jcant volumes of fine sediment compared with the volume that 1a_xge—bo«(.11eq insect taxa that avoid sand (€.8., hydro-
mobilized during high seasonal discharge, when erosional psychid caddisflies and pestid stoncflies) were most affected.
sources deliver fine sediment from the watershed and wide- These results arc consistent with reduced benthic invertebrate
spread areas of the streambed are entrained. abundance and species richness after complete embedding of

larger substrate by fine sediment (e.g., Brusven and Prather

1974; Bjomnn et al. 1977; MeClelland and Brusven 1980). Somer

Benthic invertebrates Al <8 inaalls
Exposute of new substrate and deposition of tailings local-  and Hassler (1992) measured colonization of artificial sub-
ly reduce the abundance of benthic invertebrates, Both strates upstream and downstream of active dredges and
found differences in assemblage composi-
tion bt not in overatt abundance.

However, their artificial substrates were
initiafly silt-free, while the surrounding
substrate was not.

In general, benthic invertebrates
(Mackay 1992), hyporheic invertebrates
(Boulion et al. 1951}, and periphyton (e.g..
Stevenson 1991; Stevenson and Peterson
1991) all rapidly recolonize smatt patches
of new or disturbed substrate in streams.
Abundance and general taxonomic com-
position of benthic invertcbrates can be
restored on dredge tailings four o six
weeks after dredging (Griffith and
Andrews 1981; Thomas 1985; Harvey
15986). In the three studies cited above,
dredging disturbed only a minor propor-
tion of available habitat for benthic inver-

3 {chrates. Recolonization on tailings would
probably be stower if dredging were more
B extensive because potential colonizers

) I - s . B would be less abundant and more remote.
A rruner warks upstrearm of thuse geedges @ Buite Crech, Califoenia, at 2 depth o grester However, recovery of benthic invericbrale
than 3 meters communities after even large-scale distur-

; bances (e.g., Minshall et al. 1983) suggests
that both the total mmmber of individuals
and species diversity could recover even
I in arcas of widespread dredging.

3 However, not altl benthic inver-tebrates
can be expected fo rapidly recolonize dis-
turbed areas. For example, many mollusks
have low dispersal rates {Gallardo et al.
1994} and limited distribitions in iver
systems (Green and Young 1993). Many
aquatic insects also have limited geograph-
ic ranges (e.g., Erman and Nagano 1992).
Populations of such species may be influ-
enced strongly by local events such as suc-
tion dredging. Unfortunately, only about
one-quarter of the freshwater mussels in the
United States and Canada have stable
abundances (Williams et al. 1993), and lit-
fle is known about mussels in states where
suction dredging is common (Califormia,
¥ Idabo, Oregon, Washington). The chal-
£ lenge of evaluating the effects of dredging
on aquatic invertebrates is often exacerbat-
ed by a lack of taxonomic information.

= S

This is the same site in spring of the following year. The log at water's edge in the upper,
center-right of this photograph is visible in the upper center of the photo above.

16 Fisheries Vol. 23 No.3




FISHERIES HABITAT

Stability of spawning gravels
Deposition of dredge tailings also

may affect fish reproduction by induc-
ing fish to spawn on unstable matenal
(T. E. Lisle and B. C. Harvey, personal
observation). Substrate stability is eriti-
cal to spawning suceess of fall-spawn-
ing species because the weeks or
months of embryo development in the

BEFORE DREDGING

gravel commonty coincide with the
season of high flows that mobilize
streambeds (Holtby and Healey 1936;
Lisle and Lewis 1992). The coarseness
of natural armor layers indicates the
power of flows to move bed material
(Parker and Klingeman 1982; Dietrich
et al. 1989), so dredge tailings of fine
gravel and sand that are cast over
much coarser bed material (cobbles
and boulders) have a high potential
for scouring. State regulations in Idzho
and Washington require dredge opera-
tors to backfiil holes and level tailings,
thereby increasing their stability.
Dredge tailings may be atiractive
to salmonids as sites for redd (nest)
consiruction because tailings are often
located near riffle crests where fish
frequently spawn, and they provide
relatively loose, appropriately sized
substrate. However, dredge tailings

AFTER DREDGING

RIFFLE
CREST

may reduce embryo survival because
they tend to be less stable than natural
spawning gravels. Embryos in taitings
may suffer high mortality if high
flows scour the tailings, thereby de-
stroying the redds.

The risk depends in part on the
timing of spawning and high flows.
Tailings are tikely to be remolded or
removed by high flows, providing
greater stability afterwards. For exam-
ple, fall spawners [chinocok salmon

-

Figure 1. A concepioal
diversinn

planimetnc viow: of & channet before and after dredging shows that
won of fiow asound tallings on the rifle crest toncertrates flow afong the ief bank and
causes the bank to crode.

{Oncorhynchus tshawyischa) and coho salmon (0. Kisutch)] in
northwestern California spawned on fresh tailings that were
later completely scoured by seasonal high flows (T. Lisle and
B. Harvey, personal observation). In contrast, unstable tailings
are likely to be gone or remolded before reproduction by later-
spawning species such as steclhead (0. mykiss).

Little information exists on the selection of tailings by
spawning fish. Hassler et al. (1986) noted that chinook salmon,
coho salmon, and steelhead all spawned on dredge tailings in
Canyon Creek in northwestern California. Three of eight
spring chinook salmon redds, one of one coho redd, and one
of eleven steclhead redds were located on dredge tailings.
Selection of dredge tailings for spawning cannot be evaluated
without knowing the overall availability of spawning gravels.
However, spawning gravel was not in short supply in Camyon
Creek, suggesting that tailings were not avoided by spawning
fish (Hassler et al. 1986).

August 1998

Tailings may significantly increase the availability of
spawning sites for salmonids in channels lacking spawning
gravel such as those that are armored with cobbles and boul-
ders too large to be moved by spawning fish (Kondolf et al.
1991). However if such tailings are unstable, the population-
level consequences of dredging could be negative. Consider-
ing the decline of populations Chinook salmon and coho
salmon in western North America (Nehlsen et al. 1991), we
think information on the relative stability of tailings and their
use for spawning by these species is necded.

The relationship between suction dredging and spawning
may require special consideration in regulated rivers. Im-
poundments commonly reduce sediment supply and peak
flows downstream. Dredging may loosen and locaily flush
fine sediment from static sireambeds, with little danger of
redds being disturbed during egg incubation. However, we
suspeet that long-term improvement of spawning habitat by
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dredging downstream of dams is rare. Annual dredge mining
{(and renewal of spawning gravels) may not be sustainable
beeause gold-bearing pockets would tend to be mined out
without replenishment by new sediments. At the same time,
dredge holes and tailings may be more persistent below
impoundments, perhaps leaving these areas less suitable for
recreation.

Fish habitat

Tailings also may influence juvenile and adult fishes, pat-
ticularly if habitat depih and volume are altered substantially.
Habitat depth is positively refated to the abundance and/or
size of salmonids (Everest and Chapman 1972) and other
stream fishes (Harvey and Stewart 1991). The number of rain-
bow trout in a small pool in Butte Creek, California, declined
by 50% after dredging upstream filled 25% of the pool vol-
ume (Harvey 1936). Clearly, smali channels are more vulnera-
ble to dredging impacts than large channels. For example, the
entire width of small channels may be spanned by dredge
tailings, creating shallow riffles that inhibit the longitudinal
movement of aguatic organisms.

Some stream fishes can be affected by changes in subsirale
composition alone. Juveniles and adults of some benthic fish
species (e.g.. sculpin and dace) often occopy microhabitats
beneath unembedded cobbies and boulders (Baltz et al. 1982,
Harvey 1986). Harvey (1986) obscrved significantly reduced
densities of juvenile and adult riffle sculpin (Cottus gulosus)
downstream of a dredge on the North Fork of the American
River, California, and attributed the decline in part to burial of
cobbles by dredge tailings.

Movement of large roughness elements

Tiredge operators may remove coarse woody debris
(CWD) and large boulders from stream channels or reduce
the stability of these elements by removing surrounding
material, (Removing these elements from the stream is pro-
hibited in some states.) Many pools are formed by scour
around large reughness elements (Keller and Swanson 1979,
Lisle 1986a; Montgomery et al. 1993). Large pieces and con-
glomerations of CWD are especially important because they
cause scour of larger pools and can be more stable than small-
er picces (Bilby 1984). Furthermore, large roughness elemenis
such as CWD can govern the lecation of scour and deposition
at the scale of pools and riffles (Lisle 1986b; Montgomery et
al. 1995).

Many studies provide evidence that CWD and other large
clements affect various ecological processes and conditions in
streams, including the microbial uptake and transfer of or-
ganic mafter (Tank and Winterbourn 1996), the species com-
position and productivity of benthic invertebrates (Benke ct
al. 1984), and the density of fish (¢.g., Fausch and Northcote
1992; Crispin et al. 1993). While fish may not always be asso-
ciated with large substrate elements, these features may be
limiting during critical events such as concealment by sal-
menids in winter (Heggenes et al. 1993; Smith and Griffith
1994) or reproduction by sculpins (Mason and Machidor
1976, Moyie 1976).

Suction dredging is likely to affect large roughness ele-
menis only locally, but because CWD has been depleted in
many western streams by other human activities (Bilby and
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Ward 1991; Ralph et al. 1994), resource managers may still
need to consider this issue.

Behavioral responses to dredging

Behavioral responses of stream biota (o noises and vibra-
tions generated by dredging have not been quantified. This
issue appears insignificant for many taxa. Sculpin close to
active dredges appear to behave normatly (B. Harvey, person-
al observation), and juvenile salmonids have been observed
feeding on entrained organisms at dredge outfalls (Thomas
1985; Hassler et al. 1986). However, Roelofs (1983) expressed
conoarn that dredging could frighten adult summer-run steel-
head, based on their response to divers. Spring-run chinook
and summer-run steeihead adults held within 50 m of active
dredges in Canyon Creek, California, (Hassler et al. 1986) but
dredging may have inhibited upstream movement by the fish.
Even minor disturbances during the summer may harm adult
anadromous salmonids because their energy supply is Limit-
ed, and the streams they occupy can be near lethal tempera-
tures (Niclsen etal. 1994).

Off-site effects of fine sediment mobilized
by dredging

Suspended sediment

High concentrations of suspended sediment can alter sur-
vival, growth, and behavior of siream biota (Newcombe and
MacDonald 1991), Impacts of suspended sediment can increase
with (1) longer exposure time (Newcombe and MacDonald
1991), (2) smaller sediment particle size (Servizi and Martens
1987), (3) extremes in temperature (Servizi and Martens 19913,
and (4) higher organic content of the sediment (McLeay et al.
1987). Extremely high levels of suspended sediment (e.g.,
=9 000 mg/L) can be lethal to aquatic biota, and Jethal thresh-
olds may be lower under natural conditions (Bozek and Young
1994) than in the laboratory (Redding et al. 1987).

Even slightly elevated suspended sediment may reduce
reactive distance of salmonids to drifting prey {Barrett et al.
1992) and prey capture success (Berg and Northeote 1985).
Growth rates of steethead and coho salmon in laboratory
channels were higher and their emigration rates lower in
clear water than in turbid water (22-286 NTU) after 11-214d
(Sigler et al. 1984). In contrast, feeding by sculpin in laborato-
ry channels was not detectably affected by suspended sedi-
ment levels of 1,250 mg/L (Brusven and Rose 1981).

Any reduction in feeding efficiency of fish may be offset
by reduced risk of predation at moderate levels of suspended
sediment. Juvenile chinook salmon spend more time foraging
in water of moderate turbidity (20-25 NTU) than in clearer
water {Gregory 1993). Similarly, brook trout are more active
ard spend less time near cover in moderately turbid water
than in clear water (Gradall and Swenson 1982). Juvenile
estoarine fishes in laboratory channels actively seek moderate
turbidity (Cynss and Blaber 1987). Coho salmon do not avoid
turbidities as high as 70 NTU but move into turbid water
when frightened (Bisson and Bilby 1982).

One of the most obvious off-site effects of dredging is
increased suspended sediment because background concen-
trations where and when dredging ocours are usually fow,
However, lethal concenirations of suspended sediment are
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probably rarely produced by suction dredging. Field mea-
surements of changes in turbidity and suspended sediment
below suction dredges indicate minor, localized effects. For
example, turbidity was 0.5 NTU upstream, 20.5 NTU 4 m
downsiream, and 3.4 NTU 49 m downsiream of an active
dredge on Canyon Creek (Hassler et al. 1986). Suspended
sediment concentrations at the same three locations were 0,
244 mg/L, and 11.5 mg/L, respeetively. On Butte Creck and
the North Fork of the American River where ambient turbidi-
ties were <1 NTU, maximum turbidity 5 m downstream of
active dredges reached 50 NTU but averaged only 5 NTU
(Harvey 1986). Tn Gold Creck, Montana, suspended sediment
was 340 mg/L at the dredge outflow and 1 8 mg/L 31 m
downstream of an active dredge (Thomas 1985). Extrapolat-
ing results from studies exposing biota to chronic suspended
sediments may overestimate the impacts of dredging because
dredgers commenly operate for <5 h/d.

Unfortunately, the results cited here do not eliminate the
possibility that dredging can affect stream biota via mcrcased
suspended sediments. Mobilization
of suspended sediment by dredging
and resulting effects on biota are site-
specific. Production of sus-
pended sediment is no doubt
linked to the size and frequency of
dredging operations, but such
cumulative effects have not been
evaluated. Dredging in streambeds
in which sand is the dominant
interstitial fine sediment is untikely
to yield high suspended sediment
concentrations, but excavation of streambanks anywhere is
likely to substantially increase suspended sediment because
banks commonly contain abundant fincr sediments.

Deposition of fine bedload
. Neither the extent of off-site deposition and transport of
dredging-generated fine sediment {(clay, silt, and sand} nor the
responses of aquatic biota have been investigated in a variety
of streams. These issues deserve consideration because fine
sediment can alter a vaniety of stream processes and condi-
tions, including primary production (e.g., Power 1990), density
of aquatic insects (e.g., Hogg and Norris 1991), and fish repro-
duction (c.g., Phillips et al. 1975; Fudge and Bodaly 1984).
While sitt and clay entrained by dredging may remain sus-
pended and travel tong distances before being deposited,
sand and gravel are nsually deposited immediately down-
stream, At low flows pools tend to accumulate sediment
transported as bedload (Keiler 1971). Thus, poels can be filled
by sediments mobilized by upstream dredging (Thomas 1985;
Harvey 1986). While deposition of bedload would be most
severe close io dredging sites, disruption of the continuiiy of
bedload transport can have unpredictable consequences
downstream, inclading both erosion and deposition (Womack
and Schumm 1977). However, unless significant bank erosion
oceurs, increased sediment transport is limited by the fact
that the sediment load delivered to the channel remains the
same, and overall effects downstream are probably minor.
Furthermore, lower channel stability by itself may not be
important to some aguatic ecosystems.
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Deposition of fine sediment downstream of active dredges
is unlikely to substantially decrease water depth, but it may
increase the embeddedness of cobble and boulder substrates
used by many erganisms. Complete embedding of substrates
(particularly by silt and clay) generally will severely harm
assemblages of benthic invertebrate (Hogg and Norris 1991).
Slight increases are unlikely to significantly reduce the densi-
iy of benthic inveriebrates. In fact, partially embedded sub-
strate may support a more-dense, diverse invertebrate fauna
than unembedded substrate (Bjorna ef al. 1977). Neither
Thomas {1985) nor Harvey (1986) detected differences in the
abundances of invertebrates 10 m or more downstream of
dredged arcas versus abundances at upstream controt sites.
However, these studies had low probabilitics of detecting dif-
ferences for several reasons: (1) High spatial variability
oceurred in the abundances of benthic invertebrates (even
under natural conditions), (2) slow-water habitats where silt
and clay may have been deposited were not sampled in either
study, (3) sand dominated the fine sediments of the streams
sampled in both studies; and (4)
Harvey (1986) could not sample in
the deepest parts of the channel
where dredging-generated bed-
load was concentrated because of
limitations of the sampling device.

Downstream transport and
deposition of fine sediment also
can reduce availability of micro-
habitats used by benthic fish.
Dengity of sculpin was lower
downstream of dredge tailings on

the North Fork of the American River, in part because of
increased deposition of sand (Harvey 1986). Similar to benthic
fishes, amphibian larvae and adults might be harmed by
reduced habitat beneath cobbles and boulders. For example,
Parker (1991) measured a strong positive response by Pacific
giamt sslamader larvae (Dicampfodon tenebrosus) to the addi-
tion of cobbles to a stream dominated by smaller substrate.

Deposition and transport of fine sediment by dredging is
less likely to affect fish that occupy the water column during
surmer. Repeated visual censuses and observations of
tagged fish revealed no short-term response to dredging by
rainbow trout in pools in Butte Creck where substrate embed-
dedness and the percentage of fine sediment were increased,
but habitat depth and volume were not changed substantially
(Harvey 1986). Similarly, Bjornn et al. (1977} observed only
minor differences in salmonid density in: artificial channels
with unembedded versus haif-embedded gravel, cobble, and
boulder subsirates. However, if extensive dredging reduced
invertebrate production, then salmonids could be affected.

For example, Crouse et al. {1981) found a negative relation-
ship between cobo salmon production and the amount of fine
sediment in the substrate of laboratory streams that lacked
allochthonous inparts of invertebrates.

Bedload transport per se also may need o be considered when
examining off-site effects of dredging on benthic invertebrates
and fish. Culp et al. (1986) observed short-term reductions in
invertebrate abundance from increased transport of fine bedload
in a natural riffie where the composition of the substrate was not
altered greatly. In addition, dredging-caused increase in transport
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of fine sediment may have harmed sculpin at the North Fork of
the American River (Harvey 1986): relatively few sculpin oe-
cupied microhahitats beneath cobbles and boulders that remained
unembedded downsiream of the dredge.

Reproduction by spring-spawning animals will not be affect-
ed by the deposition of fine bedload where high winter dis-
charge entrains these sediments. However, temporal overlap of
dredging and reproduction by species of concern may produce
significant off-site effects of dredging. For example, fine sedi-
ment deposition over more than 4 km below 4 suction dredges
in Piru Creek, California, apparently reduced survival of eggs
and larvae of the endangered Arroyo toad (Bufo microscaphuus
ealifornicus) throughout a significant proportion of the known
range of the species (Sweet 1992).

Effects of multiple dredges

Off-site effects of individual dredges may be minor, but
downstream impacts may be of concern where dredges are
closely spaced, and other human activilies and natural con-
ditions increase the potential for cumulative effects. A moder-
ate density of dredges in Butte Creek generated minor increase-
s in sedimentation, and cumulative effects on benthic
invertebrates or rainbow trout were not detected (Harvey
1986). However, no research has been dedicated to measuring
the cummiative physical or biclogical effects of many closcly
spaced dredges. Cumulative effects of dredging and other
human activities deserve attention, particularly where reaches
are dredged year after vear. Experiments will be difficult to
conduct because of the length of stream reach that would com-
prise a reasonable unit of observation and variability among
reaches (Carpenter et al. 1995). An experimental approach to
management (MeAllister and Peterman 1992) that included
measurements on streams varying strongly in dredging in-
tensity would help answer questions about cumulative effects.

Activities associated with dredging

Examination of dredging impacts also should include activ-
ities commonly associated with dredging such as camping and
{ishing. Dredge operators often camp in riparian zones that
are cntical to birds, amphibians, and aquatic insects. Miners'
campsites are seldom maintained by resource agencies, so
wasie disposal and control of site damage is usually left to the
miners. Sites are usually occupied for long periods. Some
mining claims are used by a series of dredge operators in one
season, leading to intense activity in one area. Also, fishing by
miners may intensify pressure on local populations.

Analyzing suction dredging in a watershed
context

Effects of suction dredging must be analyzed in the context
of individual stream systems. The potential for a variety of
dredging cffects is great, and the distribution of physical and
biological atiributes and human activities in each stream basin is
unique. In many systems, dredging effects may be minor when
considered in 1solation, yet they may contribute to significant
cumulative effects on important resources. A methodology to
accurately identify general thresholds of dredging activity lead-
ing to unaccepiable cumulative effects is not available. A useful
strategy is to adapt a watershed-scale approach to identify and
evaluate important conflicts between dredging and aquaiic
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organisms. A general strategy for analyzing dredging impacts
parailels those outlined in existing management guidclines that
include ecosystem analyses at the watershed scale (e.g., FEMAT
1993; Washington Forest Practices Board 1993; Regional Ecosys-
tem Office 1995). Ideatly, analysis of suction dredging would be
part of a comprehensive examination that addresses all impor-
tant issues for a particular watershed. The following steps might
be included in either a specific analysis of dredging or an over-
all watershed analysis:

(1) Evaluate interactions between suction dredging and
other activities and resources by

A identifying and prioritizing issues (other activities and
resources) that could be affected by dredging and asso-
ciated activities.

B. identifying and evaluating probable on- and off-site
effects of dredging on conditions and processes impor-
tant 1o these issues. How strong are these effects? How
and when do they occur? How far do they extend?

How long do they last? How do they interact with
other human disturbances?

C. analyzing how patterns of dredging and disturbances
overlay patterns of potentially affected activities and
TES0UTCES.

(2) Use this information to develop guidetines for dredg-

ing and other activities. Even an exhaustive analysis is unlike-
Iy to reveal an indisputable, definite threshold of acceptzble
dredging activity. Instead, limits and regulations for each
stream system will need to be decided openly in a scienfifical-
ly informed, politicat process.

(3) Monitor impiementation of regulations, en-siic effects
of dredging on key physical and biological parameters, and
off-site effects of dredging on downstream conditions and
processes. Take an experimental approach to monitoring that
includes contrasts among different management strategics
(McAllister and Peterman 1992).

{4) Alter management strategics and regulations in re-
sponse to moniforing results, new issues, and changing phys-
ical and biological conditions in the watershed.

Examples of the analysis strategy

A. Fish populations

In many western sireams where dredging ocours, man-
agers will identify the population viability of one or more
fishes as an issue of concern (Step 1.A.). In this case, the fol-
fowing questions might arise (Step 1.B.):

(1) Are fish in early life stages (e.g., eggs, larvae, alevins)
present during dredging?

(2) Does dredging increase suspended sediment to levels
that could affect fish, and are the likely effects negative or
positive?

(3) Do environmental conditions (e.g., high water tempera-
ture or fine sediment with lgh organic content) raise the risk to
fish populations of increased suspended sediment?

{4) What is the probability that fish will spawn before
dredge spoils are reworked by high flows?

(5) If eggs are deposited in dredge tailings, what is the
probability that flows capable of trapsporting bed material
will oceur during the incubation period?

{6) What is the stability of dredge speils relative o natumal
spawning areas?
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{73 To what extent does dredging significantly change the
volume of channel geomorphic units or the loss of large sub-
strate elemenis?

And in analyzing pafterns (Step 1.C.)%:

(1) Does dredging oceur in stream reaches that are hot-
spots of spawning activity?

(2) Are natural spawning gravels in such short supply that
a large percentage of spawners might use dredge tailings?

(3) What is the probability that dredging-related mortatity
will significantly affect fish populations? (IDoes the area
affected comprise a significant or key proportion of a popula-
tion's range?)

(4) How does the overall impact of dredging on fish popu-
lations compare to, or interact with, other possible impacts
such as fishing?

Answers to these questions may suggest changes in dred-
ging technigues (Step 2). For example, if dredging oceurs
. where existing fall-spawning chinook salmon are himited by
recruitment, then requiring that tailing piles be obliterated
could reduce the threat to reproductive success from spawn-
ing on unstable tailings.

Issues and impact mechanisms identified in the analysis
(Step 1) would logically focus monitoring (Step 3) of the ef-
fectiveness of new regulations (Step 2). For example, if desta-
bilization of fall spawning gravels is a problem, managers
would want to survey the proportion of redds locaied on tail-
ings and measure the relative stability of redds on spawning
gravels that have and have not undergone post-dredging
restoration. This could be done with repeated topographic
surveys or scour monitoring devices (Nawa and Frissell
1993).

B. Charmel stability

Where channel stabitity is identificd as an issue of concern,
a geomorphologist might be enlisted to help answer the fol-
lowing questions (Step 1.B.):

(1) How much will the original bed topography, inciuding
the particle size and morphology of pools and 1iffle crests, be
altered by dredging?

(2) Will streambanks be subjected to increased hydraulic
forces?

(3) Is the channel likely to reconstruet its original form
given typical peak flows?

(4) Will coarse woody debris and other large roughness
elements that influence channel morphotogy be disturbed?

Step 1.C.:

(1) What is the extent of channel morphological effects,
and how are dredging sites distributed relative to other dis-
turbances (e.g., fires and roads) and inherently unstable
reaches (e.g., those with alluvial streambaoks, low gradients,
or multiple channels)?

(2) What other factors such as large floods, impoundments,
and large sediment inputs affect channe! stability, and how
does the impact of dredging interact with these factors?

Scoping the problem of channel stability in Step I should
indicate reaches to monitor becanse of their inherent instabili-
ty and proximity to dredging operations. On- and off-site
channel changes could be monitored with repeated topo-
graphic surveys or aerial photography. At the same time,
flood stages and other disturbances (e.g., grazing, landslides,
and fires) also would be monitored.

August 1898

FISHERIES HABITAT

Conclusions

Suciion dredging and asscciated activities have various
effects on siream ecosysterns, and most are not well unde-
stood. In some situations, the effects of dredging may be local
and minor, particularly when compared with the effects of
other human activities. In others, dredging may harm the
population viability of threatened species. Dredging should
be of special concern where it is frequent, persistent, and adds
to similar effects caused by other human activities. Fishery
managers should be especially concerned when dredging
coincides with the incubation of young fish in stream gravels
or precedes spawning runs {¢.g., fail-run chinook salmon)
soon followed by high flows. They also should be concerned
about increased finc-sediment deposition in channels that nat-
urafly contain abundant fine sediment or receive inputs from
other disturbances.

‘We recommend that basin-scale analyses of dredging and
other activities be performed so regulations can be tailored to
particular issues and effects in each stream system. Quantita-
tive, uniform guidelines and regulations that are truly applic-
abie and scientifically supportable for a variety of basins
probably will never be found. Instead, basin-specific regula-
tions will need to be created in a political but scientifically
informed process using information from a basin-scale analy-
sis. Considering the uncertainty surrounding dredging effects,
dechines in many aquatic animal populations, and Increasing
public serutiny of management decisions, the cost of assum-
ing that homan activities such as dredging cause no harm
deserves strong consideration by decision makers (Mapstone
1995). Where threatened or endangered species exist, man-
agers would be prudent to assume activities such as dredging
are harmful unless proven otherwise (Dayton 1998). )
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Scour of Chineok Salmon Redds on Suction Dredge Tailings
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Abstract.-We measured scour of the redds of chinook
salmon Oncorhynchus  tshawvischa on dredge tailings
and natural substrates in three tributaries of the Klamath
River, California. We measured maximum scour with
scour chains and net scour by surveying before and after
high winter flows. Scour of chinook salmon redds lo-
cated on dredge tailings e¢xceeded scour of redds on
naiural substrates, although the difference varied ameng
streams. Our results show that fisheries managers should
consider the potential negative effects of dredge tailings
on the spawning success of fall-spawning fishes such as
chineok satmon and coho salmon O. kisutch.

Suction dredging for gold is common in many
streams angd rivers in western North America and
in gold-bearing lotic habitats worldwide (Hall
1988). Studies of the effects of dredging on fishes
have focused on survival following entrainment
(Griffith and Andrews 1981) or the immediate re-
sponses of fishes to changes in habitat caused by
dredging (Harvey 1986). The effect of suction gold
dredging on fish spawning has mot been studied,
in part because dredging rarely overlaps in time
with spawning by species of special concern to
fisheries managers. Also, I many unregulated
streamns, most fishes spawn in spring after dredge
tailings from the previons summer and fall are re-
distributed by high winter flows {Thomas 1985;
Harvey 1986).

However, dredging during summer may affect
the reproductive smecess of fall-spawning fishes
such as chinook salmon Oncorfiynchus tshawyts-
cha. Because of low strcamflow during late sum-
mer and ecarly fall, dredge tailings may retain their
original form during the spawning period of these
species. Tailings often confain substrate appropri-
ate for redd construction and may be used by fall-
spawning salmonids. The significance of dredge
tailings to fish populations depends in part on the
extent dredge tailings are used for spawning,
which is itself probably affected by the availability
of suitable upaltered substrates and the relative
quality of dredge tailings as spawning sites. Be-
cause dredge tailings may be more umstable than
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patural substrates, redds on tailings may be subject
to greater scour than thosc on unaltered substrates.
Greater scour of tailings would significantly de-
crease their quality as spawning sites becamse mor-
tality of preemergent salmonids can be sensitive
to small increases in scour depth (Holtby and Heal-
ev 1986; Montgomery ct al. 1996). Our objective
in this study was to test the null hypothesis that
chinook salmon redds on dredge tailings and those
on natural sahstrates are scoured equally.

Methods

Study sites-We made scour measurements in
three tributaries of the Klamath River in Siskiyou
County, northwestern California: Elk Creek, the
South Fork Salmon River, and the Scott River {Ta-
ble 1). Regicnal streamflow is highly seasonal;
most peak flows result from rainfall or rain-on-
snow events during wet winters. Suction dredging
occurs from June to September. Spawning by chi-
nook salmon occurs most often in October and
November, and storm flows capable of mobilizing
streambed material typically occur from December
to March. All stady reaches are single-thread,
slightly sinmous alluvial channels with Imited
floodplains bounded by valley walls. Bed surfaces
are predominated by cobbles and boulders. Scomr
and fill of the streambeds can be expected to vary
annually because, although these channels have
high sediment supplies ftypical of the Klamath
Mountains, winter streamflow is highly variable.
Sconr and fill also can be expected to vary spatially
because patches of gravel are transported amnually
whereas boulders move less frequently.

Measurement of scour-We measured maxi-
mum and net scour of redds on dredge failings and
on natoral sobstrate. We directly measured maxi-
mum scour at each redd with two scows chains
nositioned on either side of the redd where bed
elevation approximately equaled the surrounding
substrate, abomt midway along the longitudinal
axis of the tailspill. We chosc these chain locations
to avoid damaging embryos and to measare local
scour depths presumably equal to those zt the
bracketed redds. We imserfed scour chains in Oc-
tober and November, before large increases in
stream discharge obscured the locations of redds -
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Tame 1.-Characteristics of the three study sites, including estimated recamence intervals for peak flows during the
study based on nearby gauging stations at Scott River near Ft. Jones, South Fork Salmon River near Somes Bar, and
Indian Creek near Happy Camp for Elk Creek (peak flows in Indian Creek from 1955 o 1964 predicted peak flows in

Flk Creck with ~* = 0.81).

Peak-flow
Tecurrence
Drainage  Width Gradiest interval
Stream Years of stady  area(km®)  {m) ) (years)
Elk 1993-1994 234 19 14 03
1994-1995 20
Scott 1995-1996 2,855 29 X 11
South Fork Salmen 1995-1996 712 22 10 11

and returned to measure scour in Jume or July of
the following year, Scour chains measure the max-
inmm scour depth that may be followed by seme
thickness of fill during the measurement period
{Leopold et al. 1964; Nawa and Frissell 1993). Net
scour is the difference in streambed clevation be-
tween the stait and end of the measurement period
{assuming elevation decreases). We measured net
scour by first surveying longitudinal profiles and
monumented cross sections over the redds when
scour chains were installed in the fall and then
resurveying them the following summer when
chains were recovercd.

Replication ranged from three to seven within
a particular combination of stream, year, and sub-
strate (tailings versus natural substrate). In gen-
eral, replication was limited by the number of
redds on tailings. We readily detected redds on
natural substrates because less periphytor covered
redd materials compared with the surrounding sub-
strate. This difference was less apparcnt for redds
on recently created dredge tailings, and low sta-
bility of material in tailings oflen yielded redds
with less strongly monnded tailspills compared
with those on natural snbsirates. For these reasoms,
redds on failings were often difficult to identify in
the absence of direct observations of spawning
fish. After locating as many redds on tailings as
possible, we haphazardly selected an equal number
of redds on natoral subsivates by making mea-
surements at the first redds we cmcoumtered either
upstream or downstream of the redds on dredge
tailings.

Analysis-We analyzed net scour using a two
way analysis of variance (ANOVA} with site and

substrate (failings versus namral substrates} as
main effects. Our four sets of observations for par-
ticular streams in a specific year constituted the
sites. Although the site factor contains indistin-
guishable variation due to ammual variation and
geographic location, we think analysis of data from
three streams collected over 3 years provides a
reasonable first asscssment of scour on dredge tail-
ings versus nataral substrates.

We analyzed the scour-chain data using the same
two-way ANOVA approach. However, the data set
was reduced for this analysis becanse scowr chains
were not recovered at all the redds surveyed. Be-
cause we suspected that some unrecovered scou
chains were removed by people rather than by
sconr in cxcess of the depth of the chains, only
redds where at least one scour chain was recovered
were included. For 3 of the 26 observations in-
cluded in this analysis, only ome scour chain was
recovered. For these observations we avemaged the
depth of scour at the chain recovered with the bui-
al depth of the lost chain to produce a conservative
estimate of maxiwwm scour. Overall, this analysis
provides a conservative estimate of differences in
scowr on dredge tailings versus npatural substrates
becanse sites with extreme scour, where scour
chains were lost because they were coroplefely ex-
humed, were excluded from the data set.

Results
Topographic changes at redds following high
winter flows ranged from extensive scowr and fill
to nearly ondetectable differences (Figure 1). Net
and maximum scour of chinook salmon redds on
dredge tailings were significantly greater than

-

Ficure 1.-Examples of changes in cross sections and longitndinal profiles at two redd sites. Scomr and fiil were
deep at the Elk Creck site, and the two scour chains {not shown) were lost. Net sconr was less at the Scott River
site, and scour chains recorded a maximum scour approxinately 19 cm below the final bed elevation. Elevations

were surveyed relative to an arbitrary data point.
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Foure 2-Elevation change over wimter at Chinook
salmon redds located on dredge tailings and on natural
subsirates (control} in tributaries of the Klamath River,
1993-1996. Net scoar data reflect the elevation change
at the middle of the tailspill, whereas maximum scour
data indicate the average scour estimated at two scour
chains positioned on either side of the longitudinal mid-
point of the tailspill at about the elevation of the sur-
rounding natural substrate. Estimates of net scour can
exceed maximum scour because scour chains were not
recovered at all redds. Emor bats = +SE; munbers below
the bars indicate sample size-

scour of redds on natmral substrates (for sarvey
data: F = 788 df = 1, 30, P < 0.01; for scour-
chain data: F = 8.85, df = 1, 17, P < 0.01), but
differences varied among sites {substmate X site
interaction for survey data: F = 2.60, df = 3, 30,
P = 0.07; for scour-chain data: F = 3.27, d&f = 3,
17, P < 0.05; Figure 2). Varation among our four
sets of observations can be attributed, in part, fo
annual variation in discharge. For example, in Elk
Creek, low winter streamflow in 1993-1994 (Table
1) cansed little scour compared with 1994-1995
(Figure 2).

Net and maximum scour were strongly cotre-
lated ¢r = 0.75, P < 0.01) for the 25 vedds where
we recovered one or more scour chains. Fill fol-
lowing maximum scour will weaken the comela-
tion between these two measurements; ouniliers in
our data occurred where maximmm scour greatly
exceeded net scour. Im most cases, net and maxi-
mum Scour were approximately equal, indicating
that filling did net ocenr after scour. This suggests
that meaningful measmrements of scour of redds
in mobile material can be made by surveying osly.

Discussion

Previous observations suggest that the greater
scour we observed at redds on dredge tailings than
on natural substrates had significant copsequences
for the survival of chinook salmon eggs and em-
bryos. For example, Holthy and Healey (1986} ob-
served a stong correlation between moraiity of
young-of-the-year coho salmon O. kismich and
peak discharge during the incubation period
Montgomery ct al. {1996} measured both sconr and
egg pocket burial depths of chum salmon (. keta
in a Washington stream and determined that a
small increase in scowr would affect the integrity
of a large proportion of redds. Based on previous
studies, DeVries (1997) snggested that loss of eggs
from chinook salmon redds will begin when scour
reaches 15 cm below the original streambed ele-
vation and scour of 50 cm will cause total loss of
egps. These estimates and the differences in scomr
we observed suggest that many more preemergent
chinook salmon were lost from redds om dredge
tailings compared with redds on patural substrates.
However, our results alse revealed that vamability
in scour between dredge tailings and patural sub-
strates should be expected among streams and
years.

The significance of dredge tailings to salmon
populations may vary even among streams with
similar patterns of scour. The proportion of Chi-
nook salmon that spawn on dredge tailings would
influence the population level effect of tailings and
depend, in part, on the availability of spawning
sites on natural substrates. If natural spawning
sites were rclatively abundant and tailings wesc
not strongly selected, a small fraction of redds
would be located on tailings. For example, in the
lower 11 km of the Scott River in 1995, only 12
of 372 redds were located on tailings {J. Kiigore,
.S, Forest Service, unpublished data) becamse (1)
much more natural suhstrate than dredge tailings
provided spawning habitat (an estimated 3,800 m’
versus 121 m?), and (2} the fish exhibited no strong
preference for cither substrate (0.09 redds/m® for
natural svbstrate versus 0.10 redds/m® for dredge
tailings). However, where natural spawning sub-
strate is in short sapply, a large proporticn of redds
may be located on dredge tailings.

Both the timing of spawning and the body size
of spawners will also affect the significance of
dredpe tailings on spawning success. Becamse peak
seasonal discharge in the streams we studied com-
monly occurs in December and Janmary, the period of
maximum scour nsuaily overiaps with the em-
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bryo incubation period of chinook salmon and
coho salmon. Steelhead Orcorhynchus mykiss are
probably less affected by scomr becamse they
spawn later, after tailings are likely to be redis-
tributed by high flows and when high flows during
incubation are less likely. Fish able to deeply bury
eggs should be favored where scour js significant
(Hoitby and Healey 1986). Both within and among
species, larger females usmally bury eggs deeper
{van den Berghe and Gross 1984; Crisp and Car-
ling 1989).

Applying typical values for depth of scour and
ege burial in nndisturbed substrates to the dredging
sitnation can be misleading, Miners commonly de-
posit gravelly material over much coarser ammor
layers of cobbles and boulders; these areas are of-
ten hydranlically switable for spawning, but do not
have approprate substrate. Thus, unlike redds on
undisturbed substrates, redds on dredge tailings
are constructed on an anomalously fine bed sor-
face, and fish may be impeded from digging and
depositing eggs into the original armor layer be-
cause of its coarseness. Therefore, fish may deposit
their eggs in the overlying finer gravel that is vul-
nerable to strong scouring forces. Im smch cases,
scour dorng a common peak flow would often
extend down fo the depth of the original armor
layer and would inclede the layer containing in-
cubating embryos.

Our results show that fisheries managers shounld
consider the potential negative effects of dredge
tailings on the spawning success of fall-spawning
fish, snch as chinook salmon and coho salmon.
Streams with a shorfage of natoral substrate ap-
propriate for spawning, a high potential for scour,
and a low number of spawners deserve special
attention. Where managers determine that unstabie
dredge tailings may lead to unacceptzble effects
on spawning success, these effects could be re-
duced or eliminated through regulations that re-
quire that tailings piles be redistributed to restore
the original bed topography and particle size dis-
tribution.
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