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February 22, 2017

The Honorable

Governor Bill Walker

Alaska State Capital, 3rd Floor
P.O. Box 110001

Juneau, Alaska 99801

RE: Request for ecological protection of water quality
Dear Governor Walker,

Governor Walker, in the absence of a state process for designating the Chilkat River as an
“Outstanding National Resource Water’s” (ONRW)/ Tier 3 river, we ask you (o use your
executive power as our Governor to make the designation. The Constantine North Inc.’s (AKA:
Palmer Mine) has been in the exploration stage for many years and their ongoing progress to
establishing the mine is a clear environmental threat to the Chilkat River. The Tier 3 statute has
been federal law for 20 years. The interim guidelines were approved 10 years ago but the Alaska
Department of Environmental Conservation (DEC) refuses to make any Tier 3 designations. We
cannot wait another year or 10 — 20 years for DEC’s decision, we need your help now. Please
use your authority to either designate the Chilkat River as a Tier 3 or consider protecting the
Chilkat River as if it is a Tier 3 until DEC can establish a process.

Our Tribe nominated the Chilkat River as a “Tier 3 Outstanding National Resource Waters” for
our children’s, children. It has been established that the Chilkat Tlingit’s did not merely subsist
but actually thrived in the Chilkat Valley because of the abundance of salmon in the Chilkat
River. The variety of fish in the Chilkat River continue to feed our people through the
subsistence process as it has for centuries. The Chilkat River is a tremendously valuable
resource. Our ancestors named the River “Jilkaat Heeni” - Translated means “Storage container
for Salmon” because all five species of wild Pacific Salmon, as well as Steel Head, and Dolly
Varden Trout inhabit the Chilkat River. The Chilkat River wild stock salmon also supports a
robust commercial fishing industry that is central to the economies of the Upper Lynn Canal
communities as well as the other communities in South East Alaska. Further, the abundant, late
run of Chum Salmon in the Chilkat River attracts the American Bald Eagle by the thousands and
led to the establishment of the Alaska Chilkat Bald Eagle Preserve. “The preserve was
established to protect and perpetuate the world’s largest concentration of Bald Eagles and their
critical habitat. It also sustains and protects the natural salmon runs and allows for traditional
uses; provided such uses do not adversely affect the preserve resources.”
http://dnr.alaska.gov/parks/units/eaglepry.htm. The abundance of eagles has given the
communities of Haines and Klukwan opportunity o extend the visitor season well into late fall
and early winter and the impact of contaminated water from mining operations would




undoubtedly impact the eagle population and, in turn, the visitor industry which we have worked
so hard to develop in the communities of the upper Lynn Canal.

Suffice it to say, Governor Walker, there is a lot at stake here and time is of the essence. The
Palmer/Constantine mine is moving towards full scale operation and we have no other recourse
to protect the waters of the Chilkat River from their mining operation runoff. I appreciated, in
your State of the State Address you mentioned “Environmental Stewardship”, and we are now
asking you to consider the Tier 3 status as part of our environmental stewardship responsibility.
You also mentioned in your State Address the “Transboundary Working Group” and the
progress they have made in protecting our state’s rich water resources that are connected to
Canadian boundaries. The fish that swim up the Chilkat also swim upstream to Canada’s rivers
establishing it as transboundary water that needs our state’s protection.

The continued delays by the DEC to implement a Tier 3 process is detrimental to our survival.
Governor with no other option available to us, we ask again, please use your Executive Authority
as Governor to designate Tier 3 status to the Chilkat River.

Thank you for your consideration to our request and we look forward to your response.

Sincerely,

Kimberley Strong
President
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Michelle Hale
Alaska Dept. of Environmental Conservation
Division of Water
410 Willoughby Ave., Ste. 303
Juneau, AK 99811-1800

Dear Michelle,

We, the Venetie Village Council, request the designation of the Chandlar River to
be an Outstanding National Resource Water (Tier 3), as it fulfills state regulatory
requirements: it is located within the Yukon Flats Wildlife Refuge and the village
lies below the confluence of the Chandlar and East Fork River. This place holds
the spawning bed for the chum salmon and thus, provides a great ecological
significance for the whole area.

Venetie has had a long-time concern about the Chandlar Mine and its possible
impacts to the Chandlar River and the land, especially the chum salmon, but also,
grayling, King Salmon, and the whole area is a gateway for waterfowl, which we
rely heavily upon to survive.

Therefore, after a discussion of the matter in a village council meeting, it was
determined by the Venetie village council to request the designation of the
Chandlar River to be an Qutstanding Natural Resource (Tier 3).

1% Chief of Venetie
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YuxonN RVER INTER-TRIBAL WATERSHED COUNCIL

November 30, 2017

Andrew Sayers-Fay, Director

Division of Water

Alaska Dept. of Environmental Conservation
410 Willoughby Ave., Ste. 303

P.O. Box 111800

Juneau, AK 99811-1800

Dear Director Sayers-Fay,

On behalf of the Yukon River Inter-Tribal Watershed Council (YRITWC), | am writing in support of the
nomination by the Gwichyaa Zhee Gwich'in Tribal Government and Chalkyitsik Village Council of the
Draanjik River (Black River) for Tier 3 Outstanding National Resource Waters under the terms of the
Clean Water Act, 40 CFR 131.12 and Alaska regulation 18 AAC 70.015. The 255 miles of the Draanjik
River are the home to species of aguatic life unique to the area, particularly several species of salmon
which spawn there, and is one of the few spawning areas in the Yukon Basin for sheefish. The river to
date has been protected from the impacts of human-caused pollution due to its remote location; this
designation would ensure that it remains in its pristine condition.

Beyond its role as essential fish habitat, the Draanjik River is an important buffering waterway for
aquatic and terrestrial species stressed by climate change, an increasing threat to the Yukon River Basin.
Warming temperatures have led to permafrost degradation, causing wetlands and ponds to be
displaced by scrub and grasses. Protecting the Draanjik River from human-caused degradation supports
a resilient landscape able to host robust levels of biodiversity. The acceleration of climate change makes
the rale of the Draanijik in resiliency critical.

In addition to threats posed by climate change, the nomination identifies several other pending or
possible human-caused threats to the Draanjik River. We are deeply concerned that the current state
fiscal climate may open lands to mining and development which would destroy this unique and
unspoiled area. Tier 3 protections would allow the Draanjik to maintain its natural integrity free of
human-caused contamination.

The nominating tribes, Gwichyaa Zhee Gwich'in Tribal Government and Chalkyitsik Village Council, are
signatory members of The Accord, which is the treaty agreement between the Council’s 73 Tribes and
First Nations. The organizing principle of the Accord is an agreement that each sovereign indigenous
government does what it can to protect the Yukon River, its tributaries, and lands, which all support
indigenous ways of life. The tribes nominating the Draanjik River for Tier 3 status are taking an action
consistent with the Accord and we are happy to support that effort.

GUIDING PRINCIPLES
Be Good Listeners ~*~ Be Respectful =*~ Be Flexible ~*~ Have Integrity ~*~ Be Honest ~*~ Be Timely =*~ Be Non judgmental
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The Yukon River Inter Tribo! Watershed Council is on equol opportunity provider ond employer.
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During the YRITWC Executive Committee meeting on October 11, 2017, a resolution supporting this
nomination was passed unanimously. Protecting waterways and lands central to indigenous ways of life
is a key part of the YRITWC mission, and Tier 3 designation for the Draanjik River provides the necessary
regulatory protections to allow it to continue to support a vibrant and diverse landscape.

We understand the gravity of this designation and appreciate the weight of the State’s decision, If there
is any other informaticn that the YRITWC can provide to assist in your determination, please let me
know. We look forward to your decision.

Respec ly,

Kelly Don%

AK Executive Director

GUIDING PRINCIPLES
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Share Wisdom ~*~ Be Consensual ~*~ Be Unifylng ~*~ Be Falr & Equat ~*~ Be Tenaclous ~*~ 8e Trustworthy ~*~ Be Patient
Be Bold ~*~ Be Inclusive
The Yukon River Inter-Tribal Watershed Council is an equof opportunily provider and employer.
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GWICHYAA ZHEE GWICH'IN TRIBAL GOVERNMENT and CHALKYITSIK VILLAGE COUNCIL

November 7, 2017

Via U.S. Mail and Email to:

Michelle Hale, Director, Division of Water

Alaska Department of Environmental Conservation
410 Willoughby Ave , Suite 303

Juneau, Alaska 99801

Dear Ms. Hale,

The Gwichyaa Zhee Gwich'in Tribal Government and the Chalkyitsik Village Council {hereinafter
referred to as “Tribes”) welcome this opportunity to nominate the Draanjik River and all of its
tributaries for designation as Tier 3 Outstanding National Resource Waters under the terms of
the Clean Water Act, 40 CFR 131.12 and Alaska regulation 18 AAC 70.015.

The federally recognized® Tribes serve the Gwich’in people of Fort Yukon and Chalkyitsik. They
exercise sovereign governmental authority to protect the health and welfare of tribal citizens
and their homelands. The Draanjik River system constitutes the landscape upon which depend
their health, identity, food security, municipal water source (for Chalkyitsik), and cultural
continuity. The water is pristine, has exceptional and sensitive ecological value, offers
remarkable recreational uses, and sustains rich resources that support a traditional indigenous
culture.

LOCATION AND DESCRIPTION

The Draanjik River, located in northeastern Alaska, is a tributary of the Porcupine River and is
approximately 300 miles long.2 It heads on land administered by the Bureau of Land
Management (BLM) 35 miles southeast of Fanny Mountain at 65°33'33”N, 141°51°19”W, then
flows north-northwest into the Yukon Flats National Wildlife Refuge (YFNWRY), where it turns
west to join the Black River Slough (an anabranch of the Porcupine River) 16 miles northeast of
the community of Fort Yukon. Its two major tributaries are the Salmon Fork and the Grayling
Fork. The headwaters of the Salmon Fork are in the Ogilvie Mountains in Yukon Territory,
Canada, at 66° 53' 4"N, 139° 57' 2"W. It flows southwest to the international border, then
another 74 miles in a general westerly direction until it enters the Draanjik River. The entire
Canadian portion of the Salmon Fork is designated the Salmon Fork Chincok Salmon
Conservation Unit, CK 77. In Alaska the Salmon Fork watershed is either managed as the
Salmon Fork Area of Critical Environmental Concern (ACEC) by the BLM, or is part of the

! Federal Register, Volume 74, Number 183 dated August 11, 2009 {74 FR 40218} "Indian Entities Recognized and
Eligible to Receive Services from the United States Bureau of Indian Affairs” {August 11, 2009).

? For an overview of the Draanjik River’s physical character, see C. M. Brown to Chief, Division of Resources, March
28, 1980, file FF-09320, Alaska State Office, BLM.
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YFNWR. The Grayling Fork also heads in the Ogilvie Mountains in Canada at 65° 52' 22"N, 140°
27' 35"W. The Alaskan portion is almost entirely within lands administered by the BLM. The
village of Chalkyitsik is the only community located within the drainage of Draanjik River, and is
the home of the Draanjik Gwich’in tribe. The name of the river is of Gwich'in Athabascan origin
and translates to “caches along the river.” Formerly, the name “Black River” was used, but in
2014 the U.S. Board on Geographic Names officially restored the original name.>

Coordinates (One point per USGS topographic map containing the feature, NAD83)

Sequence Latitude{DEC) Longitude{DEC) Latitude{DMS) Longitude{DMS)

1 66.6641667
2 66.6797222
3 66.6917194
4 66.6817912
5 66.5138234
6 66.4510659
7 66.2578806
8 66.0065647
9 65.9994444
10 65.7374787
11 65.5591667

Source: USGS Geographic Names Information System (GNIS): ID 1399160

-144.7277778
-144.4991667
-143.5259638
-143.4417730
-142.6286085
-142.5596339
-142.4031690
-142.1491608
-142.1366667
-142.0487081
-141.8552778

P |
e

663951N
664047N
664130N
664054N
663050N
662704N
661528N
660024N
655958N
654415N
653333N

1444340W
1442957W
1433133wW
1432630W
1423743W
1423335W
1422411W
1420857wW
1420812w
1420255wW
1415119w

Map Name
Fort Yukon C-2
Fort Yukon C-1
Black River C-6
Black River C-5
Black River C-4
Black River B-4
Black River B-3
Black River A-3

Chariey River D-3
Charley River C-3
Charley River C-2

3'htt|25:l{[geonarnﬁ&s.usgs.F,'mi/al:\ex.ff?p=138:3:(:!::1'~JO::P3 FID.P3 TITLE:1399160 Draanjik%20River
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In 1991 the BLM performed a reconnaissance level aquatic resource investigation on the Salmon
Fork from the international boundary to Kiiveenjik Creek, which included some preliminary
hydrologic data.* More complete streamflow data is available from the US Fish and Wildlife
Service, which operated three continuous recording discharge gages from 1993 to 1998, on the
Draanijik River near Tommy Lake, on the Salmon Fork and on Kiiveenjik Creek:®
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Figure 2 - Anmual and average ydrographs for the Black Ryver (1993-1998). Yukon Flats Nanonal Wildlfe Refuge, Alaska

‘ Kostohrys, J., Lubinski, B., and Collin, N. 1991, Aquatic Resources of the Salmon Fork Black River, Alaska. Bureau
of Land Management Open File Report No. 51

% john Trawicki, “Water Resources Inventory and Assessment, Yukon Flats National Wildlife Refuge (Water Years
1993-1998): Final Report,” WRB 00-04 (Water Resources Branch, U.S. Fish and Wildlife Service, April 2000}, 7
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From the mouth of Wood River, the Draanjik River flows through 32 townships before emptying
into the Porcupine River. The upper river and its headwaters tributaries flow broadly across
BLM lands before entering the YFNWR. The remainder of the river is located in the Refuge. Of
that portion, land in nearly eight townships has been conveyed to the Chalkyitsik Native
Corporation and Doyon, Ltd. Some parcels are selected but not yet conveyed under the
provisions of the Alaska Native Claims Settlement Act. The river and stream bed below mean
high water mark were not include in the conveyances.® The Grayling Fork flows mostly across
BLM lands. It crosses Doyon, Ltd, lands in two townships, which were conveyed by Interim
Conveyance Nos. 331 and 432. In both townships, the Grayling Fork itself was excluded from
the conveyances as a navigable waterway. Grayling Fork then flows through three townships in
the YFNWR before it empties into the Draanjik River. The Salmon Fork and its tributaries are
located on land managed by the BLM or by the YENWR.

® Robert W. Faithful to Assistant Deputy State Director for Conveyance Management, July 22, 1983, file F-14846-
A, Alaska Native Claims Settlement Act files, Northern Field Office, Bureau of Land Management, Fairbanks
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On February 14, 2003, the State of Alaska applied to the BLM for a Recordable Disclaimer of
Interest {RDI) to provide finality on the navigability on Draanjik River and its tributaries. On
October 24, 2003, the BLM issued an RDI determining that the Draanijik River as far upriver as
the mouth of Grayling Fork, Salmon Fork to the international border, Grayling Fork for the first
54 river miles, and Bull Creek for 16 miles are navigable, and the underlying lands therefore are
the property of the State.” Alaska owns the lands underlying navigable waters by virtue of the
equal footing doctrine, under which new states are admitted to the Union with ali of the
powers of sovereignty and jurisdiction that pertained to the original states, and ownership of
lands underlying navigable waters is an essential attribute of state sovereignty. When Alaska
became a state, title to lands underlying navigable waters within its boundaries passed to it
automatically. The bed of most of Draanjik River up to mean high water mark therefore is State
property.

PROTECTED AREAS

c

;ﬁ'mi Pt

” Recordable Disclaimer of Interest, Serial Number F-93920. BLM, Anchorage.
http://www.dnr.state.ak.us/miw/nav/rdi/blackgroup/blackgroup rdi.pdf
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In 2008, Chalkyitsik Village Council recommended the portion of the Draanjik River watershed
within BLM managed lands for designation as an ACEC. The 1991 BLM study, Aquatic Resources
of the Salmon Fork Black River, Alaska,® stated that;
Given the high quality and diversity of this ecosystem, the areas of critical spawning and
rearing habitat for anadromous and resident fish populations, and the high potential for
future recreational and subsistence use, we should consider giving parts or all of the
area a special land designation, such as naming it an Area of Critical Environmental
Concern...
In 2016, the BLM designated approximately 623,000 acres within the Salmon Fork watershed as
the Salmon Fork ACEC, to protect relevant and important values including bald eagle nesting
habitat, priority fish habitat, and rare flora.” The goals of the ACEC include the maintenance of
stream channel integrity, ensuring the proper functioning of riparian habitat, and preserving
water quality for fish and aquatic resources. The ACEC is a right-of-way avoidance area, limiting
winter use to snowmobiles weighing 1,000 pounds and less, and prohibiting summer use of off-
highway vehicles Along with 28 Riparian Conservation Units and the upper Draanjik River
headwaters area, the ACEC is closed to locatable mineral entry and leasable minerals.

The Porcupine Plateau Wilderness Study Area (WSA) in the Arctic National Wildlife Refuge
extends along the northern boundary of the Draanjik River watershed. Its 4.4 million acres are
exemplary in the degree to which they meet the criteria of the Wilderness Act. Comprising
about 23 percent of the Refuge, the Porcupine Plateau WSA is sufficiently large, protected, and
distant from substantial threats to enable it to be managed as wilderness. This WSA was
determined to be highly suitable for wilderness designation and was recommended as such in
the 2015 Arctic National Wildlife Refuge Comprehensive Conservation Plan.’® President Obama
proposed wilderness designation to Congress in 1915.

To the east, the entire watershed of the Salmon Fork on the Canadian side of the international
boundary is designated Chinook Salmon Conservation Unit, CK-77. The Canadian Department
of Fisheries and Oceans establishes Conservation Units in order to delineate important units of
salmon diversity, to provide the basis of current and future salmon production, and to protect
stocks that have unique adaptations that are genetically encoded and are geographically
isolated. Additionally, the Canadian Government and the Vuntut Gwich’in First Nation have
established the Ni'iinlii Njik Habitat Protection Area, the Ni'iinlii Njik Ecological Reserve, and the
Niiinlii Njik Wilderness Preserve. The purposes of this combined Wilderness Preserve and
Habitat Protection Area are to protect in its natural state a representative example of the North
Ogilvie Mountains from development, to protect numerous streams including the headwaters
of the Salmon Fork of Draanjik River, and to provide a buffer to mitigate human activities that
could adversely affect the wilderness characteristics of the area.

8 Kostohrys, 1., Lubinski, B., and Collin, N. 1991. Aquatic Resources of the Salmon Fork Black River, Alaska. Bureau
of Land Management Open File Report No. 51

® Eostern Interior, Draanjik Record of Decision and Approved Resource Management Plan, 2016, BLM, Fairbanks.
' Arctic National Wildlife Refuge Comprehensive Conservation Plan and Final Environmental Impact Statement
{CCP/FEIS). 2015,
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40 CFR 131.12(a)(3): “Where high quality waters constitute an outstanding National resource,
such as waters of the National and State parks and wildlife refuges and waters of exceptional
recreational or ecological significance, that water quality shall be maintained and protected.”

By far most of Draanjik River flows within the Yukon Flats National Wildlife Refuge. According to
Trawicki, “The chemical water quality of surface water on and adjacent to the Refuge is
considered good. Dissolved solids average less than 200 milligrams per liter.”™ The Refuge
comprises approximately 10.9 million acres and is bisected by the Yukon River. The purposes
for which Congress established the Refuge in 1980 include ensuring water quality in a manner
consistent with conserving fish and wildlife populations and habitats in their natural diversity.
The Refuge is particularly rich in waterfowl. The number of breeding ducks averages between 1
and 2 million, the highest density in the state. More canvasbacks nest on the Refuge than in the
rest of Alaska combined. With some 20,000 wetlands, the Refuge provides thousands of miles
of shoreline and cover for nesting. Water quality in the Yukon Flats is of national interest, as
waterfowl banded on the Yukon Flats have been recovered in 11 foreign countries, eight
Canadian Provinces, and 45 of the 50 United States. Numerous other water birds and
shorebirds, including some 15,000 common, Pacific and red-throated loons, spend summers
among the lakes, rivers and wetlands on the Refuge. Discharge into the Yukon Flats from
Draanjik River is crucial to maintaining the pristine water quality necessary to achieve the
purposes of the Refuge.

Draanjik River is of exceptional ecological significance, with more than just local importance.
Three species of salmon spawn in its waters, providing subsistence opportunity to Alaskans
living along 800 miles of the Yukon River, The uniqueness of Draanijik River salmon stocks is part
of nature’s strategy of genetic diversity. The upper reaches of different river systems, like
Draanjik River and Porcupine River, can be in the same ecological zone, but the salmon in them
are geographically isolated from each other and are genetically distinct. Groups of wild salmon
living in an area sufficiently isolated from other groups, if extirpated, are very unlikely to be
recolonized naturally within an acceptable time frame (e.g. a human life time). Maintenance of
genetic diversity lends a species a degree of adaptivity and resilience, and is very important to
the future of salmon because of the impacts that climate change is expected to have in the
north.

The Yukon River Chinook salmon stocks are currently classified as a yield concern. Draanjik
River supports a valuable spawning population of Chinock salmon. Redds and spawning activity
have been documented in the main stem of the Salmon Fork from its mouth to about 10 miles
into Canada.'? Since 2015 the Alaska Department of Fish and Game and Tanana Chiefs
Conference have been collecting tissue samples of spawning Chinook in Salmon Fork for genetic
analysis.

1 John Trawicki, “Water Resources Inventory and Assessment, Yukon Flats National Wildlife Refuge {Water Years
1993-1998); Final Report,” WRB 00-04 (Water Resources Branch, U.S. Fish and Wildlife Service, April 2000), 7
2 McKenna, Brian, 2017. Personal communication.
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2015 Chinook Salmon Tissue Sample Collections

: salmon tissue samples collected in the
iy f i ' Salmon Fork in 2015. Fifty samples were
- collected during 2015. Another forty
E | ! eight were collected in 2017. Adding to
5 .r-le% - a9 and improving the Yukon River salmon
vl genetic baselines database is an ongoing
_ process which will ultimately result in
L i more accurate and timely management

‘ Map illustrating the location of Chinook

K

. - decisions.

Source: McKenna, Brian and Nick DeCovich,
2015. Chinook Salmon Tissue Sample Collections
for the Analysis of Yukon River DNA Baseline
Samples in Alaska. Yukon River Panel Project

* CRE-78-14B. Tanana Chiefs Conference,
Fairbanks, Alaska
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Draanjik River supports significant runs of fall chum and coho salmon. The watershed'’s
spawning and rearing habitat and water quality are important contributors to the success of the
Yukon River's commercial, sport and subsistence fisheries. Spawning mostly occurs in the
mainstem of Salmon Fork and in tributaries, especially at locations where water wells up
through the eroded limestone karst substrate and maintains constant water temperatures.
Karst ecosystems are rare and are more productive than ecosystems based on other substrates.
Karst is formed by the dissolving action of water on bedrock {usually carbonates). This
geological process occurs over thousands of years and results in unusual surface and subsurface
features including sinkholes, vertical shafts, disappearing streams, springs, complex
underground drainage systems and caves. The numerous areas of upwelling water make
Kiiveenjik and Teetthaanjik Creeks prime spawning habitat for fall chum and coho salmon. The
most significant such location, both biologically and culturally for the Draanjik Gwich’in, is
Nee'inljj, located on a side tributary of Kiiveenjik Creek. Nee'inljj translates literally as “fish
swim there repeatedly,” and has the more general meaning of “salmon spawning place.”
Although on the Arctic Circle, upwelling groundwater keeps the stream open throughout the
year. This phenomenon creates its own microclimate which affects vegetation, opportunities
for habitat use and consequent biological diversity and abundance. Every year thousands of
salmon travel from the Bering Sea to spawn and die in this “salmon hole.” The resulting
nutrient [oad, and warm upwelling water of this system, sustains an unusually diverse
ecosystem for this latitude and location. Grizzly bears congregate around Nee'inljj and along




the river each fall to feed on the spawning salmon. The integrity of the watershed is critical to
the maintenance of these natural processes and biological relationships — including the salmon
spawning areas and the grizzly bear-salmon interaction.

The Draanjik River also supports a resident spawning population of sheefish.?® Brown describes
this population as a smaller-maturing, upper drainage stock with little or no anadromy which
restricts its migrations to freshwater habitats.'® This is significant because Draanjik River is one
of only six sheefish spawning areas which have been identified or verified in the Yukon River
drainage.” Arctic grayling are found in good numbers throughout the Draanjik River and were
the most abundant of all fish species sampled during a fisheries inventory conducted in 1991.%

Nee'inljj, located on a small tributary of Draanjik River. {(Photo credit: Brian McKenna, TCC)

13 Alt, K. T. 1978. A life history and study of sheefish and whitefish in Alaska. Alaska Department of Fish and Game,
Division of Sport Fish, Annual Performance Report, 1977-1978, Federal Aid in Fish Restoration, Project F-9-10, Vol.
19:1-22, R-ll, Juneau.

14 Brown, R.J., C. Brown, N, M, Braem, W. K. Carter lll, N. Legere, and L. Slayton. 2012. Whitefish biology,
distribution, and fisheries in the Yukon and Kuskokwim River drainages in Alaska: a synthesis of available
information. U.S. Fish and Wildlife Service, Alaska Fisheries Data Series 2012-4, Fairbanks, Alaska.

15 Brown, R.L., and J.M. Burr. 2012, A radiotelemetry investigation of the spawning origins of Innoko River inconnu
(sheefish). Alaska Department of Fish and Game. Fishery Data Series No. 12-54,

16 Kostohrys, )., Lubinski, B., and Collin, N. 1991, Aquatic Resources of the Salmon Fork Black River, Alaska. Bureau
of Land Management Open File Report No. 51
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Nee'inljj. The light blue areas are redds. Numerous individual chum salmon are visible.
{Photo credit: Brian McKenna, TCC)

WATER CHEMISTRY

In the mid-1970's, the U.S. Geological Survey'’ conducted a water geochemical survey in the
Draanjik River hydrologic unit. A total of 627 water samples were collected from locations in the
Biack River quadrangle. Not all samples from this quadrangle come from the Draanijik River
drainage, as small portions of other streams (e.g. Little Black River and Porcupine River) are
included. Samples were collected during September of 1978. Draanjik River also lies on the
Charley River quadrangle. Altogether, the USGS obtained water sample geochemistry for 1,148
sample locations within the Draanjik River hydrologic unit.

7us. Geological Survey, 1997, Geochemistry of Alaska--National Uranium Resource Evaluation,
Hydrogeochemical and Stream Sediment Reconnaissance Program: U.S. Geological Survey Open-File Report 97-
492,
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Summary of Black River quadrangle sample types.
Sediment Sample Type Number of Samples Water Sample Type Number of Samples

Wet Streams 142 Streams 137

Dry Streams 7 Lakes 490
Wet Lakes 489

Total Sediments 638  Total Waters 627

The 627 water samples from the Black River quadrangle were sent to the Oak Ridge Gaseous
Diffusion Plant {ORGDP) for analysis. These samples were analyzed for uranium and up to 27
additional elements and the results were released by ORGDP in the GJBX-339(81) report. Maps
and data for the Black River quadrangle are available online at:
https://mrdata.usgs.gov/nure/water/select.php?place=q67144 &div=quad&map=on

All 1,148 records from the Draanjik River watershed can be found at:
https://mrdata.usgs.gov/nure/water/select.php?place=h19040204&div=fips

The highest anomaly is for naturally occurring zinc in Bull Creek, about three miles west of
Midnight Mountain. Water at that sample site contains up to 1,584 ppb zinc, along with
elevated barium, caobalt, chromium, iron, magnesium, manganese, and vanadium. The area
which Bull Creek drains includes Midnight Mountain, the summit of which is about one mile
east of a mineral prospect containing deposits of zinc, and lesser amounts of silver, copper and
lead. These prospects are located on land conveyed to Doyon, Ltd. 28

CoNTINUING THREATS To WATER QuUALITY

Midnight Hill; North Midnight

Doyon, Ltd, selected and received conveyance for land which contains deposits of zinc, along
with smaller concentrations of lead, silver and copper, located about one mile west of the top
of Midnight Hill, in the Bull Creek drainage. The prospects occur along an east-west trending
gossan, about 250 feet wide, that extends for about 900 feet. Another, smaller, gossan is
located approximately 1000 feet to the northeast.'**°! Commercial development of this
prospect, with associated transportation infrastructure, could pose serious threats to water
quality in Draanjik River.

'8 Alaska Resource Data File, Open-File Report 03-53. Black River Quadrangle.

¥ Doyon Limited, 1987, Mines, prospects, and geochemical anomalies on Doyon, Ltd. regional overselection lands,
Alaska, Blocks 1-8: Fairbanks, Alaska, WGM, Inc., Doyon Limited Report 86-01A, 150 p. {(volume 1 of

2).

w0 Bright, M.i., 1989, Mineral potential of Doyon, Ltd. overselection block VI, east-central Alaska: Fairbanks,
Alaska, WGM Inc., Doyon Limited Report 90-35, 29 p.

a Jirik, D, Rishel, 1., Yinger, M., and Ruzicka, 1., 1979, 1978 Annual progress report, Midnight Hill area report:
Fairbanks, Alaska, WGM Inc., Doyon Limited Report 79-09,
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Existing mineral claims at Rusty Springs property

The Rusty Springs Property is located in the Salmon Fork drainage in Yukon Territory, Canada,
29 km east of the Alaska border. It was first staked in 1975 after investigation of the deep red-
orange colored springs and seeps in the valley of Carrol Creek, a tributary of Salmon Fork. Over
a 40 year period Rusty Springs has had nearly $5 million in exploration, including 123 drill holes,
targeting high-grade silver, lead, copper and zinc mineralization. An all-weather, 600 meter
airstrip was completed in 1996 and a 193 kilometer winter road accesses the property from the
Dempster Highway. The claims are 100 % owned by Eagle Plains Resources Ltd, which has made
Rusty Springs available for option to joint-venture partners.”? Economic development of this
prospect poses complex problems concerning environmental controls, because the effects of
mining in Canada could have profound ecological repercussions in Alaska.

Climate change
Changes in habitat within and beyond the Draanjik River system are predicted to stress all of
the wildlife, waterfowl and fish popuiations that serve as subsistence resources. Some
populations may increase in abundance while others may alter their migration and become
unavailable. The State of Alaska’s Department of Commerce stated in its letter to the Alaska
Impact Assessment Commission that:
‘Continued thawing of permafrost, and the retreat and thinning of sea ice is likely to
cause widespread alterations to the lifecycles, habitats and health of ecosystems of
subsistence resources. As habitats change, these populations are likely to undergo
dramatic shifts in range and abundance, which in turn will affect communities that are
dependent upon subsistence resources.’
‘Anticipated rural community impacts include:
» Impaired dietary and economic well-being of subsistence based way of life.
= Loss of traditional meat ice cellars in several northern villages to thaw, making
them useless.
= Reduced quality of life.’
As sovereign governments with the duty to ensure the future wellbeing of their citizens, the
Tribes strive to mitigate these impacts, and recognize not only challenges from climate change
but consider the compounding of impacts when reviewing potential development that could
promote damage to subsistence resources. The Tribes consider the maintenance of water
quality to be key to the environmental health of the watershed as a whole, and an indicator of
inchoate changes that may have negative and wide ranging impacts. The governing councils of
the Tribes have concluded that Tier 3 designation of the Draanjik River is required in order to
maintain the watershed’s high water quality in the face of these changes.

Changes to the BLM Eastern Interior Resource Management Plan
In early January of 2017, the BLM approved the Draanjik Resource Management Plan (RMP)®
for the BLM-managed portion of the Draanjik watershed after eight years of effort. The Plan

22 . . .
http://www.eapleplains.com/projects/rusty-springs
= https://eplanning.blm.gov/epl-front-office/eplanning/docset _view.do?projectld=1100& currentPageld=101518documentld=94622
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closes 77 percent of the lands in its planning area to both mineral leasing and mineral entry,
including the Salmon Fork ACEC and the upper Draanjik watershed.

The Tribes and the State of Alaska were Cooperating Agencies during the development of the
Plan. The BLM also engaged in extensive government-to-government consultation with the
= = = —~ Tribes, who acknowledge that the planis a
e T et Ia" compromise that strikes an appropriate
* : T P balance between the protection of important
e 0 PR - i areas of traditional use and development in
: conformity with the BLM's muitiple use

g mandate. The approved RMP recognizes the

ey

S ¢

important cultural link between the Tribes and
g o K3 the Draanjik Planning Area, and seeks to

o {] protect values important to the Tribes such as
"a‘l__‘i ‘m\ ‘ water quality. It is designed to protect and

maintain the natural chemical, physical, and
== biological quality of surface and ground waters,
wetlands, and floodplains, as well as the
natural flow regime, water levels and integrity
‘t‘ of surface and ground waters.

The mechanism which the RMP employs to
achieve these protections is to recommend to
- ' the Secretary of the Interior that existing
g : 7, i ANCSA 17(d){1) withdrawals (public land order
: -'+' | VTS | 5173 and others as applicable) be maintained
— T = until the establishment of new withdrawals
:‘:‘.‘2..‘“..""‘_7.""' E“"_':‘.‘.‘."..'..".‘. ===z | under the authority of the Federal Land Policy
—— e o - and Management Act (FLPMA). The new

EZ] et et sremn ) s o o P

o~ C TN Bl i ———————-1  withdrawals would be established on
v Lnstoble & Lucstle Miowraby Uppor Bach Rive Bt M0 € | SRR TS ==o ! 1,813,000 acres in the following areas for the
purposes of protecting sensitive resources, and would withdraw lands from locatable mineral
entry and location:

e Approximately 623,000 acres in the Salmon Fork ACEC.

e Approximately 491,000 acres in Riparian Conservation Areas.

e Approximately 699,000 acres in the upper Draanjik River watershed.

ES . =

The Secretary of the Interior, however, can revoke the current ANCSA 17(d)(1) withdrawals at
any time without new FLPMA withdrawals in place, and indeed such revocation has been
proposed and is under consideration by the Department of the Interior. If this were to occur it
would allow development of placer and hardrock mining in the Draanjik watershed with
profound negative impacts on water quality. Therefore, in addition to the protections for water
quality written into the current version of the RMP, Tier 3 designation is required to mitigate
anticipated risks to the exceptional characteristics of the water.
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Karst aquifers require increased protection
Ground-water flow in karst aquifers is very different from flow in granular or fractured
aquifers. Karst ground-water flow is often turbulent within discrete conduits that are
convergent in their upper reaches and may be divergent in their very lower reaches,
simulating the flow pattern of surface water streams that are dendritic or trellised but
with discharge to one or more springs. Significant precipitation events tend to flood
karst aquifers quickly, causing a rapid rise in the potentiometric surface that may flood
older, higher levels which discharge to a different set of springs. The epikarstic zone in
karst terranes stores and directs infiltrating water down discrete percolation points.
Chemical contamination may be fed directly to a karst aquifer via overland flow to a
sinkhole with little or no attenuation and may contaminate downgradient wells, springs,
and sinkholes within a few hours or a few days. Contaminants may also become
temporarily stored in the epikarstic zone for eventual release to the aquifer. Flood
pulses may flush the contaminants to cause transiently higher levels of contamination in
the aquifer and discharge points. The convergent nature of flow in karst aquifers may
result in contaminants becoming concentrated in conduits. Once contaminants have
reached the subsurface conduits, they are likely to be rapidly transported to spring
outlets. Traditional aquifer remediation techniques for contaminated aquifers are less
applicable to karst aquifers.?*
The exceptional productivity of Draanjik River as a salmon spawning stream is due in large part
to the fact that it is a karst aquifer type. The biological richness comes with a price: high
sensitivity to contamination. Disturbing the hydrogeography through mining activities or
petroleum extraction can have wide ranging and unpredictable consequences for critical
spawning sites such as Nee'inljj. When oil is spilled it can have an immediate, acute, negative
effect on fish and other aquatic organisms, killing or impairing them through direct contact that
may block oxygen uptake, or ingestion, which may compromise other physiological functions.?®
Oil contamination has a much greater impact on the survival and fitness of eggs, larvae, and
juvenile fish than on adult fish. When developing salmon embryos are exposed to very low
levels of dissolved hydrocarbon (5.4 ppb) they experience reduced growth and survival
compared to control groups of unexposed fish.?® Many studies clearly indicate that oil in the
environment is never a positive ecological attribute. The headwaters and uppermost tributaries
of Draanjik River extend into a potential gas and oil bearing formation known as the Kandik
Basin. With an eye to future oil and gas development in the Kandik Basin, large tracts of upper
Draanjik land have been conveyed to Doyon, Ltd, which feels optimistic about the commercial
potential of hydrocarbon extraction there.?” Should development occur, Tier 3 designation will
be necessary to ensure stringent controls for the protection of ground and surface water.

# Field, M. KARST HYDROLOGY AND CHEMICAL CONTAMINATION. U.5. Environmental Protection Agency,
Washington, D.C., EPA/600/)-93/510 [NTIS PB94135134).

% Law, R. 1., and J. Hellou. 1999. Contamination of fish and shellfish following oil spill incidents. Environmental
Geosciences 6(2):90-98,

® Heintz, R. A., 8. D. Rice, A. C. Wertheimer, R. F. Bradshaw, F. P. Thrower, I. E. joyce, and J. W. Short. 2000.

Delayed effects on growth and marine survival of pink salmon Oncorhvnchus gorbuscha afier exposure to crude oil
during embryonic development. Marine Ecology Progress Series 208:205-216.

7 Hite, David. A Native Corporation Evaluates Potential of Alaska’s Kandik Area. Oil and Gas Journal, Nov. 17, 1997.



15 |

SUMMARY

The water of Draanjik River is exceptional. It is in pristine condition, largely absent of human
sources of degradation. Because of its outstanding biological significance, it is valuable to the
State of Alaska as a key component to the productivity and ecology of the Yukon River system.
Salmon spawning and rearing in Draanjik River provide subsistence opportunity to Alaskans
living in 30 communities. It is also a route of migration for Chinook salmon which spawn in
Canada.

Draanjik River occupies a karst landscape, atypical in Alaska, and has significant portions
characterized by a karst aquifer type. These aquifers include valuable freshwater resources of
exceptional quality, but are almost always vulnerable to contamination, due to their specific
hydrogeologic properties.?® Contaminants can easily enter karst aquifers through thin soils or
via swallow holes (sinks). Inside the aquifer, contaminants can quickly spread over large
distances, due to rapid and turbulent flow in the conduit network. Natural attenuation
processes, such as filtration and retardation, are often less effective than in other aquifers.?
Therefore, karst aquifers require increased protection.

In addition to having exceptional characteristics relative to other State of Alaska water, Draanjik
River is a major component of a National Wildlife Refuge, which in itself qualifies the water for
designation as Qutstanding National Resource Water.

The Draanjik River basin is in one of the most remote corners of Alaska. Many of its headwater
tributaries originate in the North Ogilvie Mountains Ecoregion, in protected wilderness areas in
Canada. After traversing the Porcupine Plateau, the river ends up as a major contributor to the
hydrologic regime of the Yukon Flats. This is a part of North America remarkable for its
untrammeled, natural wilderness. It is not, however, uninhabited. For millennia it has been the
homeland of the Draanjik Gwich’in, which means “people who dwell along Draanjik River.” The
river is so central to their identity that they name themselves after it. Under their stewardship
the watershed has remained an intact ecosystem which continues today to support a vibrant,
productive subsistence economy. The river provides food security, municipal water supply, and
transportation to important subsistence resources. Many families in Fort Yukon are of Draanijik
Gwich’in origin. They have a favorite story they like to tell about loading up the boat for a
return to Draanjik, to visit or to go hunting. Leaving Fort Yukon, the route goes up Porcupine
River about 20 miles to the mouth of Draanjik River. Once in the mouth, the boat stops, and
everyone pulls out a cup to dip into river for a good drink of delicious, pure Draanjik River
water,

% Drew D, Hétzl H (1999} Karst Hydrogeology and Human Activities. iImpacts, Consequences and Implications.
Balkema, Rotterdam.
¥ Ford D, Williams P {2007) Karst Hydrogeology and Geomorphology. Wiley
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Respectfully Submitted,

Mo He o

Woodie Salmon
First Chief, Chalkyitsik Village Council and Chairman, Council of Athabascan Tribal Governments

chyaa Zhee Gwich'in Tribal Government; Vice Chair, Council of Athabascan
ents



Y ?—F

akutat Llingit lribe
606 Forest Hwy. 10 # P.O. Box 418 * Yokutat, Alaska 99689
Phone (907) 784-3238 # Fax (907) 784-3595 # www.ythribe.org

December 9, 2010

Lynn Kent, Director

Division of Water

Alaska Department of Environmental Conservation
410 Willoughby Ave., Ste. 303

P.O.Box 111800

Juneau, AK 99811-1800

Re: Nomination for Tier 3 Outstanding Natural Resource Water (ONRW) Designation
Ms. Kent,
As a representative’s of the Yakutat Tlingit Tribe we nominate the Yakutat Forelands for
ONRW status and protection under 18 AAC 70.015(a)(3). Under these criteria, the Yakutat
Forelands qualify as both an exceptional recreational area and as having special ecological
significance. Additionally, these lands contain many historic, traditional, sacred and cultural
sites vital to the Tlingit Tribe.

Furthermore, we find that the entire area is comprised of an interconnected wetland that
functionally serves as one watershed. The entirety of this wetland is critical anadromous fish
habitat. The surrounding riparian vegetation plays a crucial role in fish habitat and channel
stability: shade, cover, food, stream energy dissipation, and habitat complexity, are critical to
the maintaining the functions of anadromous wetlands. Wetlands are described as part of
essential fish habitat in the Pacific Coast Salmon Plan (1999). Tier 3 designation will uphold
the public interest as described in the Alaska Wetlands Initiative (EPA, May 1994).

Area Boundaries

The area nominated is comprised of the Land Use Development (LUD) Il area and Semi-remote
Recreation LUD named as the Yakutat Forelands in the Tongass Land and Resource
Management Plan (TLMP), 2008. A map is available in the published Forest Plan. The goal of
this LUD as stated in TLMP is to “maintain the wild land characteristics of these
congressionally designated unroaded areas, permit fish and wildlife improvements and
primitive recreational facilities.” The protections afforded under a Tier 3 designation are
consistent with this goal.. The area is already under congressionally mandated protection.

To preserve, maintain and protect the unique culture. lond & resources of Yakutat Tiingtt people;
to maximize our social. health & well being while creating economic development benefils to all tribal members




Area Characteristics

The Yakutat Forelands comprise a diverse array of wetlands that possess a variety of functions
and values that contribute substantially to the States and Nation’s economy and well-being.
These estuarine vegetated wetlands are considered to be among Alaska’s most valuable. The
area includes moist and wet marshes, kettle ponds, palustrine emergent marshes, sitka spruce/
hemlock forested wetlands, riparian shrub communities, littoral wetlands, and temperate
rainforest wetlands. This area serves as valuable habitat to wildlife and fisheries. All of the
activities, either natural or by man on the Forelands are dependent on the natural quality and
abundance of the water. The interconnectedness between hydrology, fisheries, wildlife and
people in this area demands the highest level of protection by the State of Alaska.

Reasons Tier 3 Protections

Fish Habitat

These coastal and riverine wetlands are important to commercial, sport and subsistence fishing

economies. The Yakutat Forelands are an interconnected wetland/estuarine complex that serve

as critical spawning and rearing areas for all five salmon species, cutthroat, dolly varden trout

and significant runs of eulachon. Included in this area are the Italito, Akwe and Alsek Rivers.

According to the West Foreland Hydrologic Condition Assessment (2005);
“These streams collectively have the highest values for both spawning and rearing
habitats. They are also among the most sensitive to both natural and human-caused
disturbances. Some have developed complex life cycles uniquely adapted to their
watersheds. The Situk River alone is considered one of the most productive rivers in
Southeast Alaska due to its high fish species diversity and population density (Thedinga
et al 1993).”

These world-class recreational fishing rivers attract thousands of sport fishermen per year from

throughout the world. The revenue generated by sport fishing is vital to the economy of Yakutat

and Southeast Alaska.

The Yakutat Forelands have been a vital subsistence fishery for over a millenium. These
wetlands support subsistence fisheries for Native and rural non-Native Alaskans, as well as big
game hunting. Resident households in Yakutat consume over 1000 pounds of wild foods,
annually, from the forelands alleviating the high cost of grocery bills (Alaska Dept. of Fish and
Game Subsistence Division Report, 1999).

Wildlife Habitat

The Yakutat Forelands comprise a valuable habitat for black and brown bear, moose, waterfowl,
trumpeter swans, sandhill cranes, shorebirds, wolves, marbled murrelets, and various
neotroppical migrants for reproduction ,winter habitat and migration resting areas. Over 500,000
shorebirds utilize the foreland estuaries during migration (Alaska’s Key Costal Wetlands, U.S.
Forest Service Report)
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Importance to Tlingit Culture

The area contains numerous archeologically sensitive areas sacred to the Tlingit peoples. Much
of their culture and identity are dependent on the continued health of the Forelands. Large
sections of the area are currently being assessed for eligibility for the National Historic Register.

Local Economy

Tlingit people are known as people of the Salmon, the majority of the monetary economy of
Yakutat is derived from the Forelands in the form of commercial fishing, guided hunting and
fishing, tourism, and remote recreation. All of these activities depend on the pristine quality of
the wetland resource.

Therefore we ask the Alaska State Department of Environmental Conservation to acknowledge
the exceptional ecological significance and outstanding recreational opportunities of the Yakutat
Forelands and protect the dependent relationship between the surface and subsurface water
quality, soils, fish and wildlife, economy and culture and designate this area a Tier 3
Outstanding Natural Resource Water afforded the highest level of protection.

Thank you for your assistance in helping us to attain this.

Yakutat Tlingit Tribe Council

Name: Title:_Tribal President
Victoria L. Demmert

Signature: Date:
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Executive Summary

On behalf of Trout Unlimited, Inc. — Alaska Program, the Nushagak-Mulchatna Wood-
Tikchik Land Trust, Alaska Alpine Adventures, LLC (Dan Oberlatz), SnoPac Products, Inc.,
Alaska Independent Fishermen's Marketing Association, Renewable Resources Coalition, and
Nunamta Aulukestai (collectively “Petitioners™), we submit the following nomination to
designate the Koktuli River as Alaska’s first Outstanding National Resource Water
(ONRW).

The Koktuli River is legendary even by Alaska standards. Its meandering route across
the rolling tundra of Southwest Alaska beckons to anglers and backcountry recreationists from
around the globe - drawing outdoor enthusiasts of all kinds to the its clean sparkling water,
world-class wildlife viewing and hunting opportunities, and trophy trout and salmon.

The Koktuli River system, an ecological powerhouse located in the heart of the Bristol
Bay watershed, is the headwaters to the most productive sockeye salmon fishery in the world.
It is one of Alaska’s highest valued waters — a source of pristine water sustaining critical fish
and wildlife habitat in one of the most intact watersheds lefi on the planet. The Koktuli River
drainage supports over a dozen species of fish, including all five Pacific salmon species, and
serves as prime spawning, rearing, and migration habitat. The Koktuli’s remote nature and
pristine water quality are crucial factors that sustain the millions of salmon that are born, grow,
migrate and return to spawn its gravels every year — upholding a large part of the world
renowned Bristol Bay salimon population.

In addition to its outstanding
ecological capacity the Koktuli River is well
known across the state, the nation, and the
world, for the exceptional recreation
opportunities that exist because of its
pristine water quality, and bountiful wildlife
and fishery resources. Anglers from all over
the world travel to the Koktuli River each
year to experience some of the best
backcountry fishing opportunities Alaska
has to offer. In addition, the Koktuli River
system and the larger Bristol Bay watershed
is a critical component to the local lifestyle —
it supports the world’s largest sustainable commercial sockeye salmon fishery and generations
of subsistence users.

-

Photo by:'Ben Knight. =
Angler on the Koktulfi River

While the Bristol Bay region is remarkable by all standards and has many exceptional
waters, the Koktuli River is truly outstanding. Protecting the Koktuli River system’s pristine

Page 4



water quality for its recreational, commercial and subsistence values is an important part of
maintaining the integrity of this unique world-class watershed. This nomination reflects a
widespread desire to protect its outstanding qualities and 1o recognize an important class of

streams ol which the Koktuli River so exemplifies through the designation of Alaska’s first
ONRW.

. BACKGROUND

A. Nominated Waterbody: The Koktuli River (North Fork,
South Fork, Mainstem)

The waterbody nominated for Outstanding National Resource Water designation
comprises all of the tributaries of the Koktuli River, its associated sloughs and floodplains, as
well as the North and South Forks from their sources, to where the mainstem Koktuli meets the
Mulchatna River, '

The three maps (Figures 1-3) and two appendices (Appendix | and I1) detail the
location of the waterbody, as well as current land status.

" The system nominated as Alaska's Qutstanding National Resource Water includes Mainstem, North and South
Forks of the Kokuli River, from the North Fork headwaters near Latitude 59.95 N and Longitude -155.323 W and
the South Fork headwaters near Latitude 59.896 N and Longitude -155.278 W, to where the mainstem discharges
into the Mulchatna River at Latitude 59.933 N and Longitude -156.428 W
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The map also provides land status information of surrounding area.

l
Figure 1: Overview map showmg general Iocatlon of the Koktuli River.
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Figure 2. Map of Koktuli River Drainage (Mainstem, North and South Forks)
delineated in blue outline. The system nominated as Outstanding National Resource Waters
includes Mainstem, North and South Forks, from the North Fork headwaters near Latitude
59.95 N and Longitude -155.323 W and the South Fork headwaters near Latitude 59.896 N and
Longitude -155.278 W, to where the mainstem discharges into the Mulchatna River at Latitude
59.933 N and Longitude -156.428 W. Boxes illustrate precise location of river system by
Meridian, Township, Range, and Section. (See Appendix I and Il for full listing of Meridian,
Township, Range and Section information)
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B. Legal Background

This rule-making petition is filed under Alaska Statute (AS) 44.62.220, which allows
any interested person or group 1o petition an agency for the adoption or repeal of a regulation.
Under AS 44.62.230, within thirty days after receipt of the petition the Alaska Department of
Environmental Conservation (ADEC) must either deny the petition in writing or schedule the
matter for a public hearing under AS 44.62.190 - 44.62.215. In this instance, should ADEC
need additional time to consider the petition, under appropriate circumstances the petitioners
would be willing to waive the thirty day deadline.

The Clean Water Act (“CWA?”) is the nation’s most important water quality protection
statute, and one of its primary goals is to restore and maintain “the chemical, physical, and
biological integrity of the Nation’s waters.” 33 U.S.C. § 1251(a). The Act seeks to achieve
this goal in several ways, one of which is the promulgation of water quality standards. Under
section 303(c), 33 U.S.C. § 1313(c), the state promulgates water quality standards (“WQS™)
not only to establish water quality goals for the nation’s waters, but also to provide a regulatory
mechanism when technology-based standards prove inadequate. See Water Quality Standards
Handbook: Second Edition (“Handbook™), EPA-823-B94-005a, p. INT-1 (1994). Generally,
WQS define the water quality goals for a waterbody by designating the permissible uses of the
waterbody, setting criteria to protect the designated uses, and using antidegradation
requirements to prevent any worsening of water quality. 40 C.F.R. § 131.6. As a result, WQS
are a critical and necessary part of the CWA’s mandate to enhance and maintain water quality
in order to protect public health and welfare, especially when technology-based standards
under the National Pollutant Discharge Elimination System (“NPDES™) permit system do not
achieve established water quality protections.

Antidegradation is a WQS requirement found in section 303(d) of the CWA and further
detailed in federal regulations. The goals of antidegradation are to: (1) ensure that no activity
will degrade water quality so as not to support existing uses; and (2) maintain and protect high
quality waters. 33 U.S.C. § 1313(d); 40 C.F.R. § 131.12. The federal antidegradation policy
requires states to develop rules and implementation procedures to protect existing uses and to
prevent clean waters from being unnecessarily degraded, while giving very stringent protection
to the highest quality waters in the state. Federal regulations specify that each state must adopt
an antidegradation policy “consistent with the following™:

(1) Existing instream water uses and the level of water quality necessary to
protect the existing uses shall be maintained and protected.

(2) Where the quality of the waters exceed levels necessary to support
propagation of fish, shellfish, and wildlife and recreation in and on the
water, that quality shall be maintained and protected unless the State finds,
after full satisfaction of the intergovernmental coordination and public
participation provisions of the State’s continuing planning process, that
allowing lower water quality is necessary to accommodate important
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economic or social development in the area in which the waters are located.
In allowing such degradation or lower water quality, the State shall assure
water quality adequate 1o protect existing uses fully. Further, the State shall
assure that there shall be achieved the highest statutory and regulatory
requirements for all new and existing point sources and all cost-effective
and reasonable best management practices for nonpoint source control,

{3} Where high quality waters constitute an outstanding National resource, such
as waters of National and State parks and wildlife refuges and waters of
exceptional recreational or ecological significance, that water quality shall
be maintained and protected.

40 C.F.R. § 131.12.% In 1997, Alaska adopted this three “tier” approach almost word for word,
although the state’s policy specifies, under (2), that the state may allow “the reduction of water
quality for a short-term variance under 18 AAC 70.200, a zone of deposit under 18 AAC
70.210, a mixing zone under 18 AAC 70.240, or another purpose as authorized in a department
permit, certification, or approval.” 18 AAC 70.015(a). This exemption can be granied only
afier an applicant submits an application and the department finds that the exemption is
necessary for social or economic reasons, that certain water quality criteria will not be violated,
and that certain methods of pollution control will be implemented. 18 AAC 70.015(a)(2).

EPA’s antidegradation regulation also requires the State to “identify the methods for
implementing such policy. ...” 40 C.F.R. § 131.12(a). For enforcement purposes, this is the
most important part of the antidegradation requirement. The procedures developed to
implement the antidegradation policy must be designed to: (1) prohibit any degradation in
some waters; (2) minimize the impacts of degrading activities in others; and (3) assure that in
every case, existing uses are protected. See Handbook, pp. 4-1 — 4-2.

To date, the Alaska Department of Environmental Conservation (“DEC™) has not
established implementation procedures for its antidegradation policy, as required by EPA.
Those procedures would specify the process and criteria used to determine when waters are
degraded by discharges or nonpoint sources of pollution, and what social and economic benefit
to the state would be necessary to justify any degradation. They would also establish a process
for nomination and designation of ONRWs.

! See also Handbook, p. 4-10:

» Tier 1: Protect Existing Uses. Permit no activity that would eliminate, interfere with or lower water quality
necessary to support existing uses,

= Tier 2: Maintain “High Quality™ Waters. Avoid - or at least hold to an absolute minimum - any lowering of
the water quality of waters that meet or exceed standards. In order to allow additional pollution loading,
it must be shown that the increase is necessary, there are no alternatives 1o increasing the pollution, and
the activity generating the pollution provides important economic or social development to the
community (i.e. jobs, sanitary services, ete.).

* Tier 3: Protect “Outstanding™ Waters. Give the most ecologically significant and sensitive, the cleancest, and
the most recreationally popular waters the strict protection they need and deserve (i.e., no degradation
allowed).

Page 10



Even though the State has no antidegradation policy implementation procedures, the
federal antidegradation policy provides guidance for Petitioners. Guidance for developing
Implemenlallon methods for antidegradation policies is 10 be provided through EPA’s Regional
Offices.” While there is no published antidegradation guidance from Region X, Region VIII
provides the following guidance on factors to consider when designating ONRWs:

The factors to be considered in determining whether to assign an ONRW
designation may include the following: (a) location (e.g., on federal lands such
as national parks, national wilderness areas, or national wildlife refuges), (b)
previous special designations {e.g., wild and scenic river), (c) existing water
quality (e.g., pristine or naturally-occurring), (d) ecological value (e.g., presence
of threatened or endangered species during one or more life stages), (e)
recreational or aesthetic value (e.g., presence of an outstanding recreational
fishery), and () other factors that indicate outstanding ecological or recreational
resource value (e.g., rare or valuable wildlife habitat).”

Other guidance is also helpful in identifying relevant criteria for designating ONRWs.
For example, the Great Lakes Initiative (“GLI") identifies the following criteria:

Waters that may be considered for designation as Outstanding National
Resource Waters include, but are not limited to, water bodies that are
recognized as: Important because of protection through official action, such as
Federal or State law, Presidential or secretarial action, international treaty, or
interstate compact; Having exceptional recreational significance; Having
exceptional ecological significance; Having other special environmental,
recreational, or ecological attributes; or waters whose designation as
Outstanding National Resource Walers is reasonably necessary for the
protection of other waters so designated.’

Other states, such as New Mexico, provide a detailed list of the materials that must be
submitted to nominate surface waters for ONRW designation. Any person may nominate a
surface water of the state for designation as an ONRW by filing a petition with the New
Mexico water quality control commission pursuant to petition guidelines.® A petition to
classify a surface walter of the state as an ONRW must include: (1) a map of the proposed
surface walter area; (2) a written statement based on scientific principles to support the
nomination; {3) supporting scientific evidence demonstrating that one or more of ONRW
criteria has been met; (4) water quality data to establish a baseline for the proposed ONRW; (5)
a discussion of activities that might contribute to the reduction of water quality in the proposed
ONRW; (6) any additional evidence to substantiate the designation, including an analysis of’

* Water Quality Standards Regulation, 63 Fed. Reg. at 36,781.

*U.S. Envtl. Prot. Agency, Region VIII, EPA Region VI Guidance: Antidegradation Implementation 9 (1993),
Imn ww 2oy ernetw orhorg eleany ater Regjon8_ch2 poes-20.pdi

* Final Water Quality Guidance for the Great Lakes System, 60 Fed. Reg. 15,366, 15,413 (1995).

°*N.M. Code R. § 20.6.4.8 (2000).
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the economic impact of the designation; and (7) an affidavit of publication of notice for the
petition.” However, no specific ONRW criteria are included in the New Mexico petition
requirements.

Similarly, Virginia adopted a nomination process that requires petitioners to justify an
ONRW designation based on specified factors.” In Virginia, the State may classify unique and
special surface waters of the state as an ONRW upon (inding that such waters have (1)
exceptional environmental settings and (2) either exceptional recreational or aquatic
community significance. The factors are further broken down to include the following:

1) Exceptional Environmental Settings: This category lists those features that singly or
in combination make a water body physically attractive. To meet this mandatory
requirement, one or more of the following factors must apply:

a) The water possesses outstanding scenic beauty resulting from the natural features
of the basin such as its topography, geology, ecology or physiography; or

b) The water has already received designation as a national wild and scenic river; or

¢) The water represents an important component of a state or national park, forest,
or wildlife refuge; or

d) The water includes remote, primitive or relatively undeveloped areas with public
access by motorized vehicle restricted or unavailable.

2) Exceptional Recreational Significance: In order to demonstraie the nominated water
body exhibits exceptional recreational opportunities, the water must support
recreational activities which do not require modification of the existing natural setting
such as fishing, canoeing, rafting, kayaking, tubing, birding, hiking, backpacking with
primitive camping, or the like.

3) Exceptional Aquatic Community Significance: To demonstrate that a water body
nominated for ONRW status contains an “exceptional aquatic community,” one or
more of the following factors must apply:

a) The water supports an exceptional wild or natural fishery, or

b) The water contains an exceptional high diversity ol aquatic species (fish or
benthic macroinvertebrate) as categorized by the appropriate protocol for that
water body type and species, such as the 95" percentile of the EPA’s Rapid
Bioassessment Protocol 11 method for measuring macroinvertebrate diversity in
streams’ or the 95" percentile of biological metrics provided in more recent EPA

id,

* Memorandum from Ellen Gilinsky, Director, Virginia Department of Environmental Quality. on Guidance for
Exceptional State Waters Designations in Antidegradation Pelicy Section of Virginia Water Quality Standards
Regulation to Regional Directors (November 13, 2004),

hitp: www degustateeus ‘export sites detaultw aersindance pdi 04202 1. pdl.

? Plafkin, James L., Michael T. Barbour, Kimberly D. Porter, Sharon K. Gross and Robert M. Hughes, Rapid
Bioassessment Protocols For Use in Streams and Rivers: Benthic Macroimertebrates and Fish, United States
Environmental Protection Agency; Office of Water: Washington, D.C. (1989).
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bioassessment technical support guidance documents for wadeable streams and
. 1i] . : . 2
rivers, " lakes and reservoirs'' and estuarine and coastal marine waters.'

Because DEC has yet to develop antidegradation policy implementation procedures,
this Petition follows the established criteria from Region VIII and other states as a basis to
petition DEC for a rulemaking to designate ONRWs in the Bristol Bay region, namely the
Koktuli River, North and South Forks and Mainstem. Based upon the following detailed

infermation provided in this Petition, DEC should classify Koktuli River, its associated
sloughs and floodplains, the tributaries of the Koktuli River, as well as the North and

South Forks from their sources to where the mainstem discharges into the Mulchatna

River, as Alaska’s first Qutstanding National Resource Water.

'* Barbour, M.T.. I. Gerritsen, B.D. Snyder, and J.B. Stribling, Rapid Bioussessment Protocols for Use in
Wadeabie Streams and Rivers: Periphyton, Benthic Macroinvertebrates, and Fish, Second Edition, U.S.
Environmental Protection Agency (1999), hup: waww . cpa.coy ovow monitoring rhp.

" Gerritsen, Jeroen, Robert E. Catlson, Donald L. Dycus, Chnis Faulkner, George R. Gibson, John Harcum, and S.
Abby Markowitz, Lake and Reservoir Bioassessment and Biocriteria. Technical Guidance Document, United
S_!alcs Environmental Protection Agency (1998), hiip: www epu.ooy ovow momtoring tech lakes. himt.

2 Bowman, Michael L., George R. Gibson, Jr., Jeroen Gerritsen, and Blaine Synder, Estuarine and Coastal
Marine Waters: Bioassessment and Biocriteria Technical Guidance, United States Environmental Protection
Agency, 2000, hup://www.cpa.gov/ost/biocriteria/States/cstuaries/estuariesi.himl.
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Il. RATIONALE FOR THE NOMINATION OF THE KOKTULI
RIVER

The Koktuli River is part of the larger Bristol Bay watershed - an intricate system of’
rivers, lakes, and streams, 250 miles southwest of Anchorage, Alaska. Five major rivers (the
Nushagak, Kvichak, Naknek, Egegik, and Ugashik rivers) draining into Bristol Bay produce:
(1) one third of the world’s sockeye salmon (the most important commercial stock), (2) the
world’s most famous indigenous trout fisheries, (3) tremendous commercial, subsistence and
sport fishing economic value (contributing over $440 million to Alaska’s economy each year),
and (4) because of the fish, one third of the U.S. grizzly bear population. The Koktuli River
system slands as a crucial component of this intricate web of habitat sustaining the
biocomplexity of fisheries, especially salmon, populations within the watershed.

The headwaters of the Koktuli River are located approximately 120 miles northeast of
the community of Dillingham, Alaska. The Koktuli flows approximately 75 miles from its
headwaters to the confluence of the mainstem with the Mulchatna River, which then flows into
the Nushagak River and into Bristol Bay. The Nushagak River (including the Koktuli) hosts
the largest king salmon run in Alaska; in 2006 ADF&G counted 125,000 into the system. In
2008, the Alaska Department of Fish and Game documented an inshore run of over 10 million
sockeye salmon in the Nushagak system (ADF & G, 2008).

Though it is clear under federal regulations that in designating ONRWs “water quality
shall be maintained and protected”, neither the federal regulations nor the State of Alaska DEC
spells out definitive criteria for ONRW designation beyond the suggestion that candidate
waterbodies should be “waters of exceptional recreational or ecological standards” or ones
already recognized under a park, refuge or Wild and Scenic Designation. But in the words of
past member of the Alaska Board of Fisheries Rupe Andrews, who spoke to the value of the
Koktuli River, and its nearby Upper and Lower Talarik Creeks, we believe that “Extraordinary
places deserve extraordinary protections.” (Board of Fish Meeting — December 2006)

Petitioners nominate the Koktuli River system as Alaska’s first ONRW for several
reasons. First, it has already been recognized by stakeholders (ranging from back country
recreationists to commercial fisherman and local businesses to the Alaska state legislature) as
an important area through existing “special designations.” Second, the Koktuli River holds
extraordinary ecological significance both because of its own unique ecosystem and as a major
support system for the larger region . Third, the recreation opportunities are outstanding,
setting the gold-standard for Alaska backcountry floating and fishing opportunities.
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A. Previous/Existing Special Designations

The Kokuli watershed is already recognized as having exceptional ecologic, historic, and
recreational value to the state of Alaska and beyond. As world salmon resources decline the
value of Bristol Bay’s salmon resources continues to grow. As early as the 1970’s the state
recognized the importance of the fishery and the watershed that supports it and determined it
was in the best interest of the state 1o provide heightened protection for the Bristol Bay area, its
wild salmon and the superb existing recreational, subsistence, commercial and ecological
values within and connected to the area. 1n 1972 the Bristol Bay Fisheries Reserve was created
- the Koktuli River lies in the heart of this Reserve Area.. * These reasons for protection
continue to be relevant and support the need for additional protective measures in the Bristol
Bay region, especially in the Koktuli watershed.

There is wide-ranging support from a diverse stake-holder group that the Koktuli River
system is extremely important to Alaskans and special recognition and protection of the
Koktuli river system re-emerged as a priority amongst fisheries stakeholders over two years
ago, when the Board of Fisheries (BOF) reviewed Proposal 121 which would provide
additional protections for the watersheds in the region. The proposal received the most public
testimony recorded in the history of the BOF in favor of a proposal. As a result of the
meetings, the Board of Fisheries acknowledged the Koktuli River and the larger Bristol Bay
watershed as outstanding fisheries resources by establishing a Habitat Committee to further
address the potential need for additional protective measures. Testimonies of support for these
waters to be protected as a Fisheries Refuge came from local Natives, commercial and sport
fisherman, as well as attorneys and scientists. (See Section on Community Support and
Testimony on pg. 48)

During the following legislative session, two bills, Senate Bill 67 and House Bill 134,
were introduced to offer higher standards of protection for the Koktuli River and other key
syslems in Bristol Bay. Senate Bill 134, the Wild Salmon Protection Act, aimed for protection
of water used by salmon or for human consumption.” The Bill passed out of the Fisheries
Committee of the 25" legislature. As introduced, it provided that subject to exceptions for
most current uses of walter, a person would not be able to “withdraw, obstruct, divert, inject,
pollute or pump” surface or ground water or “alter, destroy, displace, relocate, channel, damn
[or] convert to dry land” any water body in the Nushagak River drainage and other rivers
which flow into Bristol Bay."” The Bill received the most hearings held in one committee in

'* This determination prohibited the issuance of a surface entry permit or an exploration license to develop an oil
and gas lease until the legislature found that the entry would not constitute a danger 1o the fishery. However, this
provision did not include provision on mining, which now stands at the greatest potential risk 1o these waters.
(See Section on Potential Risks to the Reduction of Water Quality and Existing Values at pg. 35)

" 11.B. 134, 25th Leg. (Feb. 2007), available ar hip://www legis.state.ak.us/PDF/25/Bills/HBO134A.PDF (last
checked Mar. 24, 2008). While $.B. 67 primarily sceks to protect fish, game, habitat, and public uses of these
resources, and would be implemented by ADF&G and DNR, H.B. 134 would add a new scction to the Alaska
Code, Alaska Stat. § 16.10.015, and would be implemented by the Alaska Department of Environmental
Conservation (DEC).

¥ See H.B. 134, 2007 Leg., 25" Sess. § (Alaska 2007).
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Alaskan history and had an astounding level of public support, however it didn’t get passed
into law. In essence, the Bill would have offered many of the same antidegradation policies
that the designation of as an Outstanding National Resource Water would enact. Recognizing
the time required and the political process of passing a such a Bill in the State legislature, the
immediate threats to the Koktuli River, the mission of the Water Department of Alaska’s
Department of Environmental Conservation Lo improve and protect the State’s water resources,
and the intent of the federal law governing Outstanding National Resource Waters, the
petitioners believe ONRW designation best ensures continuation of the pristine water quality
of the Koktuli River system.

B. Exceptional Ecological Value

The Koktuli River watershed is one of the most intact watersheds left on the planet.
Characterized by healthy meandering rivers, clean clear cold water and a haven for fish and
wildlife alike — it deserves special protection for its pristine, intact ecological conditions.

As previously discussed, the federal Clean Water Act and accompanying federal
regulations require States to develop water quality standards'®, which must include an
antidegradation policy.!” Ultimately, the state must develop policy consistent with the federal
antidegradation policy. Clearly under federal antidegradation regulations, “exceptional
recreational or ecological significance” is a central criterion for designating ONRWs, as well
as formal recognition that the water body is of high quality, in this case, recognition previously
granted by the Alaska State Legislature {as discussed in above Previous/Existing Special
Designations Section).

Supporting Scientific Evidence Demonstrating ONRW Criteria

1. Healthy fish populations

The pristine water, intact river beds, and relatively untouched uplands of the Koktuli
River sustain one of the most productive trout and salmon fisheries in the world. These fish
support other aquatic life in the system as well as many terrestrial species.

The rivers and streams of the Koktuli watershed provide some of the best coldwater fish habitat
in the region. The Koktuli salmon are of particular importance because they significantly
contribute to the genetic diversity of Bristol Bay’s salmon fisheries. Escapemenl'8 into the
Koktuli’s North and South forks is historically strong for coho, sockeye, and Chinook salmon.
Historic aerial escapement index counts of Chinook salmon, conducted by the Department of
Fish and Game between 1967 to 1999, show the Koktuli River to have the highest mean of

"33 US.C. 5. 1313(a); 40 C.F.R. 5.131

'"40 C.F.R. s.131.12

" It must be noted that any measure of escapement is probably an underestimate of the actual and that escapement
estimates are made afier harvests: and, therefore, are a very poor representation of the preduction.
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streams selected by saimon (out of the Stuyahok River, Nushagak River, Mulchatna River,
King Salmon River, Klutuspak River, Kokwok River, lowithla River, and Koktuli River, ali
within the Nushagak and Mulchatna drainages)."® The South Fork is particularly important for
Chinook salmon. An estimated 13,900 Chinook salmon escaped into the South Fork Koktuli in
2005 State biologists estimate that on average, nearly % of the king salmon that return to
the Nushagak drainage each year spawn within the Koktuli river system (Dye and Schwanke,
In Prep). Despite the limitation that escapement numbers give when compared 10 actual
production numbers, the Koktuli River system remains comparatively high, emphasizing the
exceptional importance of this system to fisheries production within the larger Bristol Bay
watershed.

In addition to the many salmon that use the drainage, the Koktuli River system lies within
an area specially managed for its exceptional rainbow trout fishery resources. Designed to
protect the biological integrity of the region’s world lamous wild rainbow trout stocks as well
as to ensure recreational benefit to all users, the regulations for the Southwest Alaska Rainbow
Trout Management Plan (SWARTMP) were adopted by the Alaska BOF in 1990, The BOF
established eight catch and release areas, six fly-fishing catch and release only areas, and
eleven single-bait artificial lure areas (including the Koktuli River system) to protect rainbow
trout stocks.”'

The outstanding qualities of the rainbow trout fisheries of the Koktuli River system are
further emphasized by field research conducted by the Department of Fish and Game during
the 1970’s. Demonstrating the remarkable size of many of the fish found within the Koktuli
river system, the length frequencies documented for rainbow trout were highest for the Koktuli
with a mean™ of 399 millimeters (rivers surveyed include the Koktuli, Chilikildrotna,
Chilchitna, and Stuyahok).” In addition to rainbow trout, researchers captured grayling, dolly
varden, northern pike, as well as round whitefish during their surveys. The mean length for
grayling within the Koktuli River system was also higher than in the Stuyahok, Chilchitna, and
Chilikadrotna Rivers.

" Dunaway, Dan and Sonnichsen, Sandra, Area Management Report for the Recreational Fisheries of Southwest
Alaska Sport Fish Management Area, Fishery Management Report No. 01-06, 1999,

hup:/Aavww stadlu state.ak.us/sPubsComplete/Fmr 1 -06.pdt.

* Northern Dynasty Mines, Inc. 2006d. Pebble Project. Baseline Environmental Team Agency Meetings.
November 28 10 December 1, 2006. Anchorage, Alaska.

*' Alaska Dept. of Fish & Game, Division of Sport Fish, Southwest Alaska Alaska Rainbow Tront Management
Plan, Alaska Board of Fisheries, Feb, 1990, al pages 1, 5, 8-9,

http:www st adis.state.ak us region Lireut'wildirout rbimaet 1990bof. pdi

= Range of fork length for rainbow trout was between 262-519 mm; 203-436mm for grayling; 37-495 for dolly
varden; 339- for Northern Pike; and 113- for round whitefish.

* Russell, Richard, and Gwartney, Louis A.. Annual Report for lnventory and Catologing of Spert Fish and Sport
Fish Waters of the Bristol Bay Area, Alaska Department of Fish and Game, 1978. Available online at

htp: i www sfadlg state.ak.us Fed AidPDEs redF-9-10019¥G-1- L .pdf.
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Although there is a lot of evidence supports the outstanding ecological significance of
the Koktuli river, there is a lot left 10 be learned. Stream surveys conducted by The Nature
Conservancy in 2008, indicated that data regarding presence and absence of anadromous fish
in the Koktuli River system still remains understudied. Working in partnership with the
Department of Fish and Game, 27 streams were studied to determine the presence or absence
of anadromous fish - anadromous rearing Chinook and/or coho salmon were documented in 20
streams, 13 of which were tributaries to the Koktuli totaling over 17 miles 2 Recent research
conducted by the Alaska Department of Fish and Game further updates historic studies and
documents fish distribution, resident fish size composition, as well as water quality in the
Koktuli River. The report Koktuli River Fish Distribution Assessment is included in full in
Appendix I1I. However, excerpts from the discussion are selected below to further detail the
outstanding fishery resources and water quality in this section of the nomination.

The float trips provided documentation ol the size distribution, presence, and distribution
fish species in the lower 32 miles of the river. Size distributions of fish captured with
hook and line can be used for future comparisons of samples collected in a similar
manner. The similarity of rainbow trout length distributions during the 3 months of the
project provides evidence that there may be a resident population in the river during the
summer... The length distributions of Arctic grayling were significantly different duc to
slightly larger fish captured in June. With Arctic grayling present upstream of the float
survey area, the difTerence in length distributions may be explained by the larger grayling
being located father upriver later in the summer. ..

Although not an index of abundance, the CPUE of resident species does provide a means
of documenting fish distribution in the survey area. Rainbow trout were most common in
the lower half of the survey area and Arctic grayling were more common in the upper
half of the survey arca and are common above the survey arca...The distribution of
rainbow trout throughout the river did not appear to be change significantly over the
course of the three float wrips. Dolly Varden appeared in the lower half of the river
between June and July and exhibited an upstream movement between July and August,
This is likely an anadromous population, similar to those observed in the Togiak River
drainage west of the Nushagak River, that enter the sysiem to feed on salmon spawn
during late summer and to spawn in the fall. Although spawning locations are unknown,
some of the Dolly Varden sampled in August were developing sexual characteristics such
as spawning colors. ..

Adult salmon were present throughout the survey area scasonally and appeared abundant.
Spawning was observed by Chinook, chum, and sockeye salmon beginning in the upper
section of the float, and aerial surveys indicate that spawning occurs above this location
as well. Juvenile and Chinook and coho salmon were capturced at three of the four water
quality sampling sites and salmon fry were commonly observed throughout the area.”

S
** Johnson, J . and Klein, Kimberly, Special Publication No. 09-05 Catalog of Waters Important for Spawning,
Rearing. or Migration of Anadromous Fishes — Southwestern Region, Effective June 1, 2009Available online at
hap: wwa sladle state.ab.us SARR AW Cinden.cfm FA data AWC Data

** Craig ). Schwanke, Kokndi River Fish Distribution Assessment, Alaska Department of Fish and Game, Fishery
Data Series No. 07-78, December 2007, 14 at hup: wwa shadlastate.ab.us Fed AdPDES (ds07-78.pdl,
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Each year more data is collected and more is learned about the importance of the
Koktuli river to healthy trout and salmon populations.

2. Koktuli River salmon support regional populations.

The Koktuli River system makes significant contributions to the sustainability of
salmon populations in the larger river systems within the Bristol Bay watershed by providing
critical spawning habitat and genetic diversity to our world’s salmon populations.

In 2004, estimates of more than 14,000 Chinook and 12,000 sockeye spawned in the
Koktuli drainage (McLarnon 2006). The Koktuli River drainage supports a variety of
important fish species and serves as a fish passage corridor between portions of the watershed
used for fish production. Chinook salmon (Oncoritvnchus tshawvtscha), chum salmon
(Oncorhvnchus keta), coho salmon (Oncorlivachus kisutch), sockeye salmon (Onchorhvnchus
nerka), round whitefish (Prosopium cviindraceum), Pygmy whitefish (Prosopium coulteri),
Arctic grayling (Thvmallus arcticus), Dolly Varden (Salvelinus malmay), Arctic char
(Salvelinus alpinus), rainbow trout (Osmerus mordax), slimy sculpin (Cottus cognatus), and
Alaskan brook lamprey rely on the Koktuli system for a portion of, or all of their spawning,
incubation, rearing, and passage life phases. These species contribute to sport, commercial, and
subsistence fishing in the area (Wiedmer, 2006) (Table 3). The calendar of when many of
these species use the Koktuli River system is available in the periodicity charts in Appendix
V.

In her written testimony to the Alaska Board of Fisheries in favor of Proposal 121, Dr.
Carol Ann Woody, fisheries biologist and regional expert, spoke on the importance of
preserving the Koktuli River system because of the critical role it plays in maintaining the
biodiversity which sustain the world-renowned fisheries of Bristol Bay. She explained the
complexity of one system in the context of the larger watershed and the global relevance for
salmon conservation and habitat management:

Throughoult the world, once productive commercial fishery stocks are no longer viable,
(e.g., Atlantic salmon and cod, Pacific sardine, Peruvian anchoveta etc.). In contrast, the
Bristol Bay salmon fishery is extraordinary because it is considered a rare example ol a
sustainable fishery. This is due primarily to unaltered habitat, good management, and
unparalleled stock biodiversity - several hundred smaller spawning populations, comprise
the whole, or the metapopulation (Hilborn et al. 2003). This salmon biodiversity tempers
eflects of unpredictable environmental change because different siocks perform better
under different environmental conditions. Because future environmental variation is
unpredictable, and because development can adversely aflect {ish production, it is
important to understand and conserve biodiversity... Bristol Bay provides the world with a
rare and valuable natural laboratory, annually revealing how salmon naturally colonize,
adapt and flourish in a refatively unaltered state. Because Bristol Bay contains the greatest
sockeye salmon genctic and habitat diversity documented to date (Habicht et al. 2004,
Ramstad et al. 2004, Ramstad et al. 2006), studies here provide a valuable template for
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rehabilitation of the more than 300 endangered salmonid stocks in the Pacific Northwest
(Nehlsen et al. 1991, Allendorf et al. 1997).7"

Dr. Woody’s assertions are further supported by the research of Dr. Daniel Schindler, H.
Mason Keeler Professor of Aquatic and Fishery Sciences at University of Washington and Dr.
Jack Stanford, Professor of Ecology, at the University of Montana. Their testimony on the
ecological significance of the Koktuli River system is included in Appendix V to provide
scientific support for this nomination. In addition Jack Williams, Trout Unlimited’s Senior
Scientist and leader in the fisheries ecology field, recently testified on behalf of salmon before
the House Subcommittee on Insular Affairs, Oceans, and Wildlife, in his testimony he
emphasized the importance of protecting salmon strongholds, such as those that exist in the
Koktuli river drainage:

Protecting the best remaining stronghold populations has long been recognized as the
First Principle of conservation biology. The concept of protecling salmon strongholds
has been promoted as a scientifically sound and cost effective approach to anchor wild
salmon populations (Rahr and Augerot 2006). Additionally, scientists have argued for a
large, watershed scale approach to fisheries conservation that would protect entire
healthy watersheds and the native fish communities contained therein {(Mayle and
Yoshiyama 1992). *’

The Koktuli river is a salmon stronghold not only for the Bristol Bay region but for the
entire West coast. By protecting the Koktuli spawning populations of salmon we can help
ensure that the Bristol Bay fishery continues as a world leader and can strengthen the existing
model of sustainable salmon management.

3. Koktuli salmon as a keystone species

The return of anadromous fish maintains stream productivity as decomposing carcasses
release nutrients to the food chain to provide food for rearing salmon, resident species,
terrestrial animals and vegetation. Salmon are considered a “keystone” species because of the
myrid of species that depend on them for survival. Salmon runs function as huge conveyor
belts that transport life-supporting marine nutrients into upstream habitats. As salmon move
upstream, spawn and die their decaying carcasses are the primary food source for aquatic
invertebrates and fish. They also are eaten by birds and terrestrial mammals which transfer
some of those nutrients to nearby marshes and upland plant communities. For example sockeye
salmon runs in southwest Alaska add up to 170 tons of phosphorous per year to Lake
Hliamna™, and the number of salmon carcasses carried by brown bears to within 100 meters of

** Dr. Carol Ann Woody, Written Testimony Submitted to the Alaska Board of Fisheries, December 2006.

7 Dr. Jack Williams, Written Testimony Submitted to the US House Subcommitice on Insular Affairs, Occans,
and Wildlife, June 2009

*Hartman and Burggner 1972 in Mary F. Willson, Scott M. Gende, and Brian 1. Marston. 1998, Fishes and the
Forest. Bioscienee, 48(6):455-462).
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streams adds phosphorous to terrestrial systems at a rate of 6.77 kg/ha -- the equivalent
4 30

application rate of commercial fertilizers for evergreen trees”™ ™.

Many terrestrial wildlife species found in the region use the Koktuli drainage and ofien
take advantage of the abundant salmon resources there. Marten may be present in low
numbers restricted to areas of extensive mature forest. Moose populate forested and riparian
areas of the drainage. Caribou of the Mulchatna Caribou Herd frequently travel through the
Koktuli Drainage. Upper portions of the Koktuli river drainage are important Caribou calving
habitat and other areas see heavy use during the post-calving aggregation period in late June
and early July.”' Large numbers of caribou periodically winter throughout the drainage, but
population counts are highly variable. Brown bears, wolves, and coyotes roam throughout
the drainage. Beaver, mink, muskrat, and river otters use the wetland and riparian areas,
Waterfowl, water birds, and ptarmigan use the areas of the drainage that provide habitat needs
of specific species (Woolington, 2006).

* Mary F. Willson, Scott M. Gende, and Brian H. Marston. 1998. Fishes and the Forest, Bioscience. 48(6): 435-
462).

* hip://www.wildsalmoncenter.org/about/whySalmon.php

3 Alaska Depariment of Natural Resources, Division of Mining, Land and Water, Nushuagak & Mulchama Rivers
Recreation Management Plan (2003 Revision), Adopted April 2005,
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4. Water quality throughout the watershed is consistently pristine®* >

The Koktuli River watershed, including the mainstem, the North and South forks and
their respective watershed areas, are currently roadless, which further protects the system from
eroded sediment and damaging hydrograph changes that roads ofien contribute. Access in the
upper areas of the Koktuli drainage is limited to a few small lakes suitable for the landing of
small float planes. Most travel is by raft or on foot. Although there have been mineral
exploration activities within the headwater drainages of the Koktuli River in recent years,
consisting of drilling activity and temporary water use, which the Department of Natural
Resources asserts to be “negligible,” we can assume that the riparian ecology and stream
habitat is currently largely intact.

Conductivity is exceedingly low, indicating low concentrations of dissolved minerals
and ions. It qualifies under the most stringent water quality criteria supporting drinking water
and aquatic life uses, and supports the healthy diversity of fish species and genetic diversity of
salmon stocks.

The chemical and physical water quality of natural riverine systems is affected by
changes in seasonal discharge (Doyle et al., 2005). Thus it will change when break-up arrives.
Dirt and dust entrain in snow and ice. As snow and ice melt, metals bound within dirt particles
are released in drips and freshets. As the new fresh water sinks into the ground, it replenishes

" This section was compiled by Kendra Zanzow of the Center for Science in Public Participation.
33 . . . . . . 0
Summary of data collection. Data from a current study of discharge and water quality on the mainstem Koktuli River has
been ongoing since 2003, conducied by hydrologist Cathy Flanagan with support from the Bristol Bay Native Association
(BBNA). Daia on stream water and sediment have also been collected by the Environmental Natural Resouvrces Institute
(ENRD of the University of Alaska, Anchorage on the mainstem and North and South Fork Kokiuli Rivers (2008) and by the
Nature Conservancy along the North and South Forks and its tributaries (2009).  Additionally the Pebble Limited Partnership
has released preliminary data on surface water quality from the main stem, north fork and south fork of the Koktwli River and
associated tributaries (2004-2008), This baseline data is supplemented by research conducted by Craig Schwanke under the
Department of Fish and Game and data collected by Dr. Carol Ann Woody, cataloging many new miles of stream in the
Anadromous Waters Catalog. [t is believed that these data provide an adequate bascline for the proposed Koktuli River
ONRW, however many studies are currently in progress and we hope that new scientific info that becomes available can
further supplement existing data.

Cathy Flanagan's data details water quality (temperature, specific conductivity, dissolved oxygen, pH. turbidity, water color),
and water chemistry (nutrients, major elements, and trace clements) at a station on the Koktuli River below the confluence
with the Swan River. These are included on Page 13 of the Kokinli River Fish Distribution Assessmeny, 2007 in the Appendix
VI. Data from ENRI and The Nature Conservancy ol water quality sampling on the North and South Fork Koktuli's and
associated tributaries have not been released to the public. Both field data (pH. specific conductivity, dissolved oxygen,
tempetature) and analytical data (nutrients, major metals, trace metals, anions, cations) were collecied. Preliminary data from
the Pebble Limited Parinership's , with one station on the main stem of the Koktuli River and several on the North and South
Forks and associated tributaries, is available at website hiip. v pebblepariership.com pases enysronment eny ironmeni-
pre-peemitting. php?Report Series |, Analytical data (nutrients, major and trace elements, cations and anions) is available but
ficld parameter data is not. Cathy Flanagan's water quality data collection protocols are available in Appendix . and Quality
Assurance Project Plans (QAPPs) and ficld siudy plans from the Pebble Limited Partnership are available at

htp. www.pebbleparinership.com pages enviromuent em jronmental-documents. php,




groundwater. Groundwater travels under streams and pushes up through the streambed
sediments, flushing out metals that have sequestered in sediment pore water and sorbed to
sediment surfaces, Between snow melt releasing dust particles and pushing dirt and rock along
with it, and the groundwater pulsing from beneath streams, the metals entering the stream
water column increase in a sharp pulse. This starts as melting begins, and continues until
discharge — the volume of fresh water rushing into the streams — dilutes the incoming metals.
As melting slows and trickles to a stop, the concentration of minerals dissolved in the water
column stabilizes, with only occasional, localized spikes as rainstorms erode rock and push
sediment into streams, increasing the concentrations of metals commonly found in surface
geology, such as iron, aluminum, and manganese. Conversely, cations such as calcium,
magnesium, and sodium are transported by groundwater to streams, and are in highest
concentration when discharges are very low and groundwater makes up a significant part of the
stream base flow. A large body of researclt has shown that a range of flow levels is important
for different ecological processes (Poff, 1997) and that certain discharges are more important
for the maintenance of nutrient transport rates, nutrient retention levels, and temperature
regime maintenance {Doyle et al., 2005, Doyle, 2005, Emmett et al., 2001).

Therefore, we can expect the median water quality to be consistent, but with occasional
spikes in erosional material and cations consistent with seasonal events such as melting, rains,
and fluctuating stream discharge volumes. When the full data is graphed as a box plot,
occasional unusually high concentrations observed are shown as outliers.

Based on the available data, all trace and major elements, as well as ammonia, pH, and
other parameters set out in the State of Alaska Water Quality Criteria Manual for Toxic and
Other Deleterious Organic and [norganic Substances™ meet or exceed State of Alaska water
quality criteria for drinking water or aquatic life criteria, whichever is the most stringent for the
parameter, when based on the median of surface water chemistry to date.

Tributaries of the South Fork Koktuli located near the headwaters generally have the
highest mineral content. The range of concentrations observed for erosional material
(aluminum, iron, manganese, copper, lead) exceeds the most stringent State water quality
standards, but the medians all meet these standards; that is, the range reflects short-term
increases in minerals due to rain or melt events while the median defines the pristine water
chemistry of the streams. Graphs representing examples of ranges and medians for common
minerals are found in Appendix VII,

The streams of the Koktuli watershed are generally below the state-recommended
alkalinity standard and therefore have little buffering capacity, and are susceptible to changes
in pH - these streams will find it harder to recover from introduction of acid in the water than
streams that have higher alkalinity and higher buffering capacity. The median alkalinity
reaches the State of Alaska recommendation on the main stem of the Koktuli River.

* Draft, as amended December 12 2008
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The maintenance of the nutrients, water chemistry, and temperature regimes of a
system become extremely important when we begin to consider the effects that changes in
these parameters could have on the health of the resident and anadromous fish species that use
Koktuli River system and the outstanding habitat that ultimately supports outstanding
commercial, recreational, and subsistence benefits. By preventing degradation to the Koktuli’s
pristine water quality, ONRW designation would preserve and protect fish habitat and the
recreational and ecosystem function dependent on them. Altering the functions of a natural
riverine system so that the optimal conditions are not attained or do not coincide with the needs
of different periods of species life cycles, may cause adverse effect on aquatic species.”

C. Exceptional Recreational and Social Values

The pristine, free flowing waters of the Koktuli drainage contribute to the extraordinary
sport, and subsistence fishing opportunities in the region and also play a significant role in the
success and sustainability ol the regional commercial fishing industry, the primary source of
employment and income in the region.

1. Recreation: Value of current use and potential impacts

The Koktuli River is well known across the state, the nation, and the world, for the
outstanding recreational capacity of its water quality, ecology, and perhaps above all, fishery
resources. The very fact that this river system resides in such a remote region, with very little
public access and infrastructure development, makes recreation on the Koktuli River an
unparalleled experience. Recreation and tourism spending in Bristol Bay brings $90 million to
the state in the form of taxes and licenses each year. In addition, it is estimated that anglers
that come to the Bristol Bay area spend about $117 million within the local economy.

The Koktuli River offers world-renowned sport-fishing opportunities for anglers
visiting from around the globe. While other areas in the Bristol Bay watershed may receive
more pressure due to easier access, the remoteness and pristine nature of this system offers an
unparalleled fishing experience within the Bristol Bay Fisheries Reserve. For example, the
South Fork flowing into the mainstem of the Koktuli River is a popular float for anglers
seeking a multi-day, remote wilderness experience in the larger Bristol Bay watershed. As

3 Example of natural riverine system functions that might cause adverse effects on aquatic species il altered:
altering optimal water temperature, pli, dissolved oxygen, and chemical composition;

altering optimal water velocity and depth;

altering optimal stream morphology;

increasing suspended organic or mineral material;

altering chemical/physical character ol bottom sediments;

increasing sedimentation and reduction in permeability of substrate;

reducing food supply; and

reducing protective cover (e.g., overhanging stream banks or vegetation).
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part of the Economics of Wild Salmon Watersheds: Bristol Bay, Alaska report, anglers coming
10 the Bristol Bay region were surveyed and 70% of those surveyed said the most important
attribute of the recreational experience was “[f]ishing in a remote, off-the-road locations.” It
was also noted in the survey that if a road were built that provided easier access to the area,
45.5% of non-residents and 30.4% of residents felt that they would stop fishing in this area and
potentially stop coming to Alaska to fish entirely.”*® (Duffield et al, 2006, p. 45-63).

Angler on the Kokeuli River. Photograph by Ben Knight.

Although specific economic studies haven’t been done for the Koktuli River, by taking
a look at the the role recreation plays in the regional economy we can see that salmon and the
waters that support them are critical to maintaining this exemplary recreation area. Sport
fishermen spend some $60 million a year to experience the Bristol Bay watershed. Over
65,000 people visit the Bristol Bay region each year to fish and recreate. Near the major
communities, local roads provide sport fishermen with limited access. Clients of remote
lodges pay up to $8000/week to fish in the pristine waters of the Bristol Bay watershed.
Whether it is fishing for a giant 30 inch rainbow, Chinook or sockeye salmon, or grayling,
sport-fishing opportunities in Bristol Bay are currently endless. The Alaska Department of Fish
and Game recently published a study examining the impact and contributions of sport fishing
in Alaska, which also breaks down the regional significance of the Bristol Bay watershed.

3% )ohn Duffield and Chris Neher et al, Dufficld, The Economics of Wild Salmon Watersheds: Bristol Bay, Aluska,
2007 a1 45-63.
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Anglers fishing in Alaska spent nearly $1.4 billion on fishing trips, equipment, and
development and maintenance of land use primarily for the pursuit of sport fishing in Alaska.
Resident spending was $733 million and nonresident spending was $652 million. A total
number of 15,879 full and part-time jobs were supported by money spent on sport fishing in
2007 and accounted for $545 million in total wages and benefits paid to employees and
proprietors. South central Alaska, including Bristol Bay, was by far the most popular angling
region in Alaska.”” While the actual use of the Koktuli River contributes only a fraction to this
economy, its outstanding ecological significance sustaining the biocomplexity needed to
maintain the world renowned fisheries of the Bristol Bay watershed is a vital component to
Alaska’s sport fishing tourism industry.

John Duffield, one of the nation’s top natural resource economists, has studied the
region extensively. In a recent economic study, he concluded: “It is apparent that the private
sector basic employment [harvesting, processing, recreation, government and health] in this
economy is essentially 100% dependent on Bristol Bay’s wild salmon ecosystems. .. The only
other basic driver is government employment including hospitals, which are publicly funded.
As a share of basic employment, the salmon ecosystem dependent sectors account for 63.6 %
of all the basic employment that essential drives the Bristol Bay economy.”*® (Duffield et al,
2006, p. 16). Duffield’s research further documents concern for maintaining the Bristol Bay
sport fishing industry at its current level if there were larger infrastructure changes to the
region, such as road development. Survey results of non-resident and resident anglers fishing
in Bristol Bay show that 45.4% of non-residents and 30.5% of residents who had fished in the
watershed felt that increased road access would cause them to stop fishing in the region.”

Although the Department of Fish and Game asserts that the spori-fish log books
significantly underestimate actual use, the logs from 2005-2007 document usage patterns in the
Koktuli River System. Regional Sport-Fish Biologist Craig J. Schwanke details usage of the
system, as well as concerns of impacts from future mining development:

The Nushagak/Mulchatna River drainage is a popular drainage for sport fishing in the
BBMA [Bristol Bay Management Area] with 18,420 angler-days from 1999-2003 (Howe et
al. 2001; Jennings et al. 2004, 2006a, b; Walker et al. 2003). The average effort for the
Koktuli River during the same 5-year period was 519 angler-days (Howe et al. 2001;
Jennings et al. 2004, 2006a, b; Walker ct al. 2003). Potential mineral resource development
at the headwaters of the Koktuli River may increase access and angling pressure on the
river. Increased use and mineral development may also have the potential to negatively
afTect the river’s water quality to the detriment of fish populations.*

*7 Alaska Department of Fish and Game, Economic Impacts and Comtributions of Sportfishing in Alaska, 2009, at
hip:www st adle state ak us stalew ide cconomigs,

** John Duffield and Chris Neher et al, Dufficld, The Econontics of Wild Salmon Watersheds: Bristol Bay, Alaska,
2007 at 16.

* John Duffield, Supra note 52 at 38.

* Craig J. Schwanke, Kokauli River Fish Distribution Assessment, Alaska Department of Fish and Game, Fishery
Data Series No. 07-78. December 2007, 1 at hitp: www shadfo state.ah.us FedAadPDEs 1ds07-78.pdf,
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It is evident, through both data on the use of the Koktuli River, as well as testimony in support
of the fishing experience, that these waters support an exceptional fishery that greatly
contributes to the larger tourism industry in the Bristol Bay watershed.

2. Subsistence: Value of current use and potential impacts.

The Koktuli River’s renewable resources also contribute to the subsistence lifestyles of’
Alaska Natives in the area. Locals rely heavily upon these pristine waters and the fishery
resources they sustain, 1o feed their families throughout the year. The Koktuli River system
makes significant contributions to the sustainability of the salmon populations in the larger
river systems within Bristol Bay, by providing critical spawning habitat. In 2004, estimates of’
more than 14,000 Chinook and 12,000 sockeye spawned in the Koktuli drainage (McLarnon
2006).

Residents of native allotments along the Koktuli, as well as residents of Ekwok, New
Stuyahok, Dillingham, and adjacent inland areas of the Nushagak and Mulchatna River
drainages have relied on the Koktuli River area as a place of subsistence harvest. Residents of
these areas hunt for both moose and caribou and trap fur bearers from this area, the Koktuli
River provides riparian habitat zones for movement corridors, cover and forage. Salmon
harvest occurs more intensively near communities, although the Koktuli River and its
tributaries are known to be important spawning and rearing habitat for the species previously
listed in the periodicity tables (Appendix 1V).

While there is certainly individual value of the Koktuli watershed for subsistence use,
as previously discussed, the health of these waters directly contribute to the larger Bristol Bay
walershed and related subsistence use. There are 25 communities in the region with a resident
population of about 8000. Major communities located within the region include Naknek, King
Salmon, Dillingham, Togiak, Nondalton, Newhalen, and Iliamna. In addition, the smaller
communities of Ekwok, New Stuyahok and Koliganek are the primary users of the subsistence
resources in the Nushagak drainage. About 70% of the population is Alaska Native, relatively
high compared to the rest of the state which is estimated at about 16%. Alaska Natives likely
followed salmon runs after the last ice age ended (~10,000 — 15,000 years ago) and settled in
regions with abundant dependable food resources. In Bristol Bay more than 50% of the
subsistence resource is from salmon dependant upon clean water and healthy habitat.
Approximately one third of the subsistence harvest comes from land mammals (31%5); and
non-salmon fish comprise another 10% of the subsistence harvest. Alaskans in Bristol Bay
harvest some 2.4 million pounds of salmon (or ~315 lbs per person) for subsistence each year
from tributaries of Bristol Bay.”'

*! John DufTied, Supre note 532 at 11.
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Specific subsistence use of the Koktuli watershed was recently documented in a study
conducted by The Nature Conservancy. The primary product of the ecoregional assessment
was Lo term a portfolio of areas of biological significance as well as collect traditional
ecological knowledge of use patterns. Figures 4-6 show documented subsistence use of the
Koktuli watershed for harvesting moose, sockeye, Chinook, coho, chum, and pink salmon.
The study identifies the Nushagak drainage as one of the richest areas in the state in terms of
its abundance of natural resources.

Koktuli River

A. Wood River and Lakes F. Munachuak Drainage

B. Tikchik Lake and Nuyakuk River G. Lower Mulchatna

C. Middie Nushagak and the Kokwok H. Upper Mulchatna, Mosgquita
D. Nushagak below Chickitnok Creek and above

E. MNushagak, Chickitnok and abave I. Lake Clark/lliamna/Kvichak

J Lower Nushagak and lowithia

Figure 4: lllustrates 30% of Ekwok households which used the Koktuli
River watershed for Moose Hunting.
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Figure 5: The map illustrates traditional ecological use within the
Nushagak drainage. Daia shows subsistence use for harvesting coho, pink and chum
within the Koktuli River watershed (mainstem, North and South Forks.)
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Figure 6: The map illustrates traditional ecological use within the
Nushagak River drainage. Data shows subsistence use for harvesting sockeye and coho
within the Koktuli River (mainstem, North and South Forks.

3. Commercial Fishing: Value of current use and potential
impacts.

While no commercial fishing occurs directly within the Koktuli River system, the
scientific arguments presented in this report support the fact that Koktuli waters serve a vital
role in the health of the larger watershed and its associated commercial fishing industry. A
report recently completed by Northern Economics details the role of commercial fisheries in
Alaska’s economy. The report determined that if Alaska were a nation, it would place 9th
among seafood producing countries. Alaska’s seafood industry has played a major role in the
state’s history, and it remains a major part of the economy today, with more jobs that any other
private sector. The Bristol Bay fishery plays a large role in Alaska’s seafood industry and
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provides a substantial number of jobs year after year. In 2008, the salmon fishing industry in
Bristol Bay employed nearly 11,500 people.*

The Bristol Bay commercial fisheries management area includes eight major river
systems: Naknek, Kvichak, Egegig, Ugashik, Wood, Nushagak, lgushik, and Togiak, with the
Kvichak and Nushagak (of which the Koktuli is part of) as the largest producers. Bristol Bay’s
commercial salmon harvest accounts for nearly 33% of Alaska's total harvest earnings each
year. Harvest and processing of Bristol Bay fish generates nearly $320 million a year. Annual
commercial catches between 1984 and 2003 averaged nearly 24 million sockeye salmon,
69,000 Chinook, 971,000 chum, 133,000 coho, and 593,000 pink salmon.®

Bristol Bay accounted for a significant portion of Alaska’s seafood harvesting jobs due
to the large salmon fisheries occurring in the region. Bristol Bay has about 13 percent of
Alaska’s total seafood processing jobs, 26.1 percent of the state’s 1otal seafood harvesting jobs,
and about 13.9 percent of the state’s workforce in seafood harvesting and seafood processing
combined.

The Bristol Bay salmon fishery is considered well managed and categorized as one of
the only sustainable commercial fisheries in the world. The salmon that return to the Bristol
Bay region offer an invaluable renewable resource for Alaska if current, relatively pristine
habitat is maintained through the Koktuli River watershed, as well as the larger Bristol Bay
watershed. By designating the Koktuli River as an ONRW it will be protecting a large portion
of the headwaters of the largest sockeye salmon run on earth — a stronghold for the species and
a way of life.

Through these recreation, economic and social arguments, it is evident that nearly the
entire private economy of the Bristo]l Bay region is dependent on a healthy functioning
ecosysiem: local, Alaskan, and non-Alaskan commercial fishers, processors, sport anglers,
sport hunters and wildlife viewers sustain the private economy when fish and game are
available. However, the value of these renewable resources extends far beyond any year-by-
year economical analysis of jobs, industry income and subsistence harvest. Maintaining the
pristine habitat of the Koktuli River through designation as an ONRW will undoubtedly help
sustain the truly exceptional ecological value of this watershed, the way of life for many
Alaskans, and the outstanding recreational opportunities in perpetuity.

** Northern Economics, Inc. The Seafood Industry in Alaska's Economy. January, 2009, 9, at
hitp: fwww marineconsen anonalliance . org does SIAL_ Jant.pdi.

** John Duffield, Supra note 52 at 13.

* Northern Lconomics, Inc., Supra note 36 at 50.
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lll. Potential Risks* to the Reduction of Water Quantity,
Quality and Existing Values

The petitioners believe that avoiding certain activities that have historically proven high
risk to water quality and pristine fish habitat is necessary to protecting these outstanding
national resources for the best, long-term ecological and recreational public interest.

At the time of filing this application, the reasonably foreseeable threats to the water
quantity and quality of the Koktuli River are extractive water use as well as potential
conlamination from proposed hard-rock mining activities; mainly development of the Pebble
Mine and associated human-caused impacts. Metal mines throughout the world have degraded
water quality and require enormous volumes of water. According to the Environmental
Protection Agency (EPA), the hard-rock mining industry is the single largest source of toxic
releases in the US. This industry has already caused enormous damage to rivers and fisheries
around the world. More than 70% of mines in the United States have exceeded the water
quality standards which they promised to upkeep during their permitting process ( Kuipers and
Maest, 2006).

Under the proposed plans of the Pebble Partnership, the Pebbie project will create two
tailings dams, one at the headwaters of the South Fork of the Koktuli River.**Given the

** The petitioners interpret this section of the nomination packet to reler to reasonably foreseeable Inman
acrivities which could cause reduction in existing water quality or habitat — or cause increased pollution, above
the existing baseline, which the ONRW is intended to preveni,

46 Geoflrey Y. Parker and Frances M, Raskin, ¢t al, Pebble Mine: Fish, Minerals, and Testing the Linits of
Alaska’s "Large Mine Permitting Process. " Alaska Law Review Vol XXV, 17, (June 2008).

The Pebble Mine likely would include most of the following facilities:

1. Anopen pit mine at Pebble West that may be about 2000 feet deep and cover about two square miles and
an underground mine al Pebble LEast that may be of comparable size and 5000 feet deep.

2. Various stream diversion channels, welils and devices to; (a) prevent water from filling the open pit, (b)
extract water that would be used for processing the ore, (c¢) iransport ore concentrate in a slurry via
pipelines, and (d) transport wasltes in a slurry via pipelines.

3. A mill to crush, process, and concentrate the ore extracted from the open pit and underground mines.

4. Five dams or embankments composed of waste rock and carthen-fill material that together would span
about nine linear miles. The three largest dams would be 740 feet high and 3 miles long, 700 fect high
and 2.9 miles long, and 710 feet high and 1.3 miles long.70 These dams and embankments would create
and contain ponds that would cover at least 10 square miles and store chemically reactive, ore-processing
wastes known as "tailings."

5. A deep-waier port in marine waters on the west side of Cook Inlet (abow 200 miles southwest of

Anchorage) to load the ore concentrate on ocean freighters,

A 104-mile road to provide a transportation corridor {rom the mine facilities 10 the port,

Two 100-mile-long, fificen inch-diameter pipelines that would run parallel to the road. One pipeline

would be used o transport a slurry of copper ore concentrate {rom the mill 1o the port, where the slurry

would be de-watered. The other pipeline would return the slurry water to the mine area,

8.  Four 34-inch-diameter pipelines. Three of the pipelines, totaling 70,000 feet (13.25 miles), would
transport mine wastes {rom the mill to the waste storage lacilities. The fourth pipeline, totaling 17,000
feet (3.2 miles), would reclaim water from the waste facilities and transport it 1o the mill,

)
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immediate threats to the waters of the Koktuli River system, the main goals of protections
offered by ONRW designation would ensure that the development of any large-scale metallic
sulfide mine would not directly, indirectly, or cumulatively have any adverse elfect on: wild
salmon and other fish; wildlife; commercial, subsistence, and sport-fishing; and guiding and
tourism activities, within this watershed that is already part of the Bristol Bay Fisheries
Reserve.

The breadth of political leaders concerned about the future of the Koktuli river sysiem
in the face of mining development extends to the very memorable words of the late Jay
Hammond, the popular Republican governor of Alaska from 1976 1o 1982. He made his home
on the shores of Lake Clark in the Bristol Bay drainages, just 30 miles from the Koktuli River
and the Proposed Pebble Mine.*” On July 11, 2005, two weeks before his death, he expressed
his views:

When | was first asked about the Pebble Mine... 1 expressed this concern: that if I were
asked where in Alaska would [ least rather see the largest open-pit mine in the world, | can
think of no more less appropriate spot than the headwaters of the Talarik Creck and
Koktuli River, the drainages of two of the finest trout streams and salmon spawning in
Alaska. But | have since modified that to where if asked that question again, I’d say (here
is one place I'd even less rather see it, and that’s in my living room here at Lake Clark."™

The following sections explain how mining affects water quantity and quality as well as
critical fish habitat, and ways in which the Koktuli River system may be vulnerable should the
Pebble Mine, or any other large-scale metallic sulfide mine, be developed.

A. Water Quantity®

A key reason the Koktuli River supports such a robust population of fish and therefore
outstanding recreational opportunities is that the river’s natural hydrology remains largely
intact. Water flows are sufficient to maintain cool water temperatures, flush silt, and support
other ecological functions. They also allow for exceptional backcountry floating and fishing
opportunities.

Modern hard-rock metallic sulfide mining requires massive volumes of water, which
are typically diverted from fisheries, domestic, recreational, and agricultural uses, thus

9. A 300-megawatt power plant that would be located on the Kenai Peninsula, across Cook Inlet.
10. More than 100 miles of transmission lines and undersea cables to transmit electricity from the power
plant on the Kenai Peninsula to the mine site,

*" Jay S. Hammond, Tales of Alaska’s Bush Rat Governor: The Extraordinary Biography of Jay S. Hammond, 294
(1994).

* Inerview by Lance Holter with Jay 8. Hammond, former Governor of Alaska, in Port Alsworth, Alaska (July
11, 2005) available upon request by Geoflrey Y. Parker and Frances M. Raskin.

* Sections on water quality and quantity compiled by Robert Moran, hydrogeologist and intemational mining
consultant. (Moran, R. 2007. Pebble hydrogeology and geochemistry issues.)
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increasing competition for water .Water use in metals mining ranges between 100 and 8,000
liters of water per ton of ore extracted. In 2000, mines in the US alone withdrew about
518,000 m* per day.” The EPA and Hardrock Mining: A Source book for industry in the
Northwest and Alaska describes some of the effects from mining water withdrawal from a
watershed:

A proposed mining project can impact the quantity and velocity of surface water flow by

allering natural drainage patterns and the infiltration/runoff relationships in a watershed;
discharging storm waler and wastewater; impounding water; changing the character of gaining and
losing stream reaches through mine dewatering; mining through stream channels and flood plains;
and by diverting, re-routing, and channelizing streams. Importantly, many mining activities have
the potential to alter the equilibrium balance between flow and sediment transport in streams
(Johnson, 1997). Altering this equilibrium causes stream gradients, channel geometries, channel
patterns, and stream banks 1o adjust 1o new equilibrium conditions that reflect new erosion and
sediment transport characteristics (Johnson, 1997), Such changes can disrupt aquatic habitats both
upstream and downstream of a mine, The creation of waste dumps, tailings impoundments, minc
pits and other facilities that become permanent features of the post-mining landscape can cause
fundamental changes in the physical characteristics of a watershed (O"Heam, 1997)."

Developing and operating the Pebble Mine would require billions of gallons of water
each year of mine operation. Northern Dynasty Mines, Inc. (NDM) applied to the State of
Alaska in July of 2006 for water rights in the following amounts, in gallons per year (Table 1):

Location Surface Water (GPY) Groundwater (GPY)
South Fork Koktuli 12.03 billion 2.8 billion
North Fork Koktuli 8.02 billion 0.2 billion
Upper Talarik Creek 6.84 billion 1.7 billion

Table 1: Water requested by Northern Dynasty Mines, Inc. (NDM) in water

rights applications to the Department of Natural Resources, 6/2006. (Gry =
gallons per year)

This amount of proposed water use by the Pebble Mine developers is nearly 35 billion
gallons of water a year, more than annual water consumption rates in Anchorage.”

3 Global Equity Research, Watching water: A guide to evaluating corporate risks in a thirsty world. March 2008
at htip://'www.pebblescience.org/pdis/jpmorgan_watching_water.pdf

*I U.S. Environmental Protection Agency, Region 10. 2003, EP4 and Hardrock Mining: A Source book for
industry in the Nortlnvest and Alaska, Found at pg 46 at hitp: sy osemite.epa.con RIOWATIR.INSE

840a3de5d0a8d14188256500715a27/edbal 5715¢97¢2188256d2¢00783a8e/SFILE/Maintext.pdf
STUSGS. 2006. Anchorage Water Use. Fact Sheet 2006-3148. USGS Anchorage, AK
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1. Water quantity and impacts on fish

Water quantity is an extremely critical component of healthy salmon populations at all
portions of their life cycle. The chemical and physical water quality of natural riverine systems
is affected by changes in seasonal discharge (Doyle et al., 2005). Because the greatest natural
mortality of salmonids occurs during early life stages while they are still in fresh water, the
aquatic environment greatly influences rates of natural mortality. Sufficient water velocity and
depth are also needed to allow the movement of water over, within and through gravel that
transports dissolved oxygen to eggs and newly hatched salmon, and removes metabolic wastes.
Stream velocity is particularly important to distribute aquatic invertebrates — a primary food
source that juveniles depend upon for growth.

A large body of research has shown that a range of flow levels is important for different
ecological processes (PofT, 1997) and that certain discharges are more important for the
maintenance of nutrient transport rates, nutrient retention levels, and temperature regime
maintenance (Doyle et al., 2005, Doyle, 2005, Emmett et al., 2001). The maintenance of the
nutrients, water chemistry, and temperature regimes of a system becomes extremely important
when we begin to consider the effects that changes in these parameters could have on the
health of resident and anadromous fish species that use the system and provide commercial,
recreational, and subsistence benefits to the Bristol Bay Region. Altering the natural stream
flow patterns that could cause extended periods of low discharge can lead to the desiccation of
eggs, low oxygen levels, high temperatures during warm weather, freezing during low
temperatures, and high embryo mortality. Artificially low flows and shallow water depth can
ultimately block upstream migration of adults (ADF&G 1985a, Reiser and Bjornn 1979). Any
of these changes could have significant impacts on the salmon that depend on the Koktuli
River to complete their life cycle.

B. Water Quality

Hard rock mining has a poor track record when it comes to water contamination —
especially in areas where the mine site is close to ground or surface water. A study that
provided in-depth comparison of predictions of water pollution vs. actual water pollution found
that 85% of the mines near surface water with elevated potential for acid drainage or
contaminant leaching exceeded water quality standards; 93% of the mines near groundwater
with elevated potential for acid drainage or contaminant leaching exceeded water quality
standards, and of the sites that did develop acid drainage, 89% predicted that they would not.>
The 2007 EPA Toxins Release Inventory {TRI) showed that the hardrock mining industry was

33 Kuipers, 1.R., Maest, A.S., MacHardy, K.A., and Lawson, G. 2006. Comparison of Predicted and Actual Water
Quality at Hardrock Mines: The reliability of predictions in Environmental Impact Statements,
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again the leader in the release of toxins into the environment producing over 1.1 billion
pounds. The below graph is from the EPA TRI website:*

Electne Unhves 25%

Prnimary Metals  12%

Fa

F

Chemicals 12% 1

\

Metal Mining  28%
Hazardous Waste 5%

Paper 5%

All Others 10%
Food 4% oiher

Figure 7: TRI Total Disposal or Other Releases 4.09 billion pounds (Source:
http://www.epa.gov/tri/tridata/tri07/brochure/brochure.htm)

The EPA estimates in a 2004 report that the hardrock mining industry (including gold)
is responsible for polluting 3,400 miles of streams and 440,000 acres of land.” Similarly, the
U.S. Forest Service (USFS) estimates that approximately 10,000 miles of rivers and streams
may have been contaminated by acid mine drainage from the metal mining industry.S(’ The
National Academy of Science, in their review of hardrock mines on federal lands found that at
individual facilities, hardrock mining operations may disturb thousands of acres of land and
impact watersheds including, to varying degrees, effects on groundwater, surface water,
aquatic biota, aquatic and terrestrial vegetation, wetlands, wildlife, soils, air, cultural resources,
and humans that use these resources recreationally or for subsistence. 77

For example, like the proposed Pebble Mine, the Bingham Canyon Mine is a
copper/gold/molybdenum mine, currently the largest in North America with an ore body
roughly half the size of Pebble. Pollution from the mine has contaminated 60 square miles of
groundwater near Salt Lake City, making water unusable for at least 4,300 households.
Kennecott Utah Copper Corp., a subsidiary of Rio Tinto, built 2 multi-million dollar water
treatment facility, the largest of its kind in the United States, to treat an estimated 2.7 billion
gallons of polluted water annually for at least the next 40 years.

™ http://www.epa.gov/tri/tridata/tri0 7/brochure/brochure. htm

5 U.S. EPA. 2004. “Cleaning Up the Nation’s Wast Sites: Markets and Technology Trends.” EPA 542-R-04-015.
Accessed at hip.'www epa.goy to/pubisd. tm

' U.S. EPA 2004, “Nationwid Identification ol Hardrock Mining Sites.” Office of Inspector General. Report No.
2004-P-00005. Accessed at: hutp:/epa.gov/oig/reports/2004/2004033 1-2004-p-00005.pdf

*7 National Research Council. 1999. Hardrock Mining on Federal Lands. National Academies Press. Washinglon,
DC.
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Figure 8. Kennecott Bingham Canyon Mine in Utah. (Lefi) Tailings
impoundment (roughly 9,000 acres) with the Great Salt Lake at the top left. The pit is 0.75
miles deep, 2.5 miles wide, and covers 1,900 acres. (Right) Tailings are shown in the
foreground (grey) with Salt Lake City in the background. Operations produced a 60 square-
mile groundwater plume under valley 1o right, mostly from waste rock seepage. As of 2006,
Kennecott had spent $370 million on cleanup and source control, and will be required to pump
and treat aquifer water for at least the next 40 years. By 2009, 2.7 billion galions of water will
be treated annually 1o supply homes unable to use the aquifer.

Byproducts are created throughout the various stages of mining. Some of these can be
relatively non-toxic, others must be carefully taken care of to prevent damage to human health
or the ecosystem. Pollution at mine sites can primarily happen through the mishandling of site
operation chemicals, tailings creation and storage, acid mine drainage, and metals leaching all
of which could have downstream effects on the Koktuli River’s fish and ecosystem functions.
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Potential Mining Footprint on Bristol Bay’s|
Wild Salmon and Trout Waters

4

Proposed Peblile Mane Site

Exnting Mine Claimy
State Lang, open to muneral
develzprnent

BLM Lang, likely 1 be opened
1or runeral development in 2008

Figure 9: Existing mining claims and the proposed Pebble Mine shown in
relation to the Koktuli River system. The mine site lies directly in between the North
and South Fork of the Koktuli River, which feeds the Mainstem, all nominated as Alaska’s first
Outstanding National Resource Waters,

1.  Site operation chemicals

Mine operations use tremendous amounts of chemicals— explosives, fuels, oils, greases,
antifreeze, water treatment chemicals, herbicides, pesticides, and road de-icing compounds —
that may be released into local surface and groundwater and can be toxic to fish and wildlife. A
large part of the Pebble mining activities would take place within the Koktuli River watershed
using ground and surface water.

One of the most common chemicals used in mining to separate the gold from the other
minerals and rocks removed from the site is cyanide. About 1.4 million tons of hydrogen
cyanide is produced throughout the world, about 13% of this goes towards the production of
cyanide related chemicals used 1o process gold. Cyanide is typically transferred and stored at
mining sites in one of two ways: 1) in liquid form, transported by tanker truck or railcar and
then offloaded to an onsite storage tank; 2} in briquette or flake form, transported via truck or
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railcar in drums, plastic bags, bins, boxes or ISO-containers. The cyanide is then mixed with
the ore to remove the gold via leaching. When the recoverable gold is removed the cyanide
laced ore is either dewatered to recover the solution, treated to neutralize or recover cyanide, or
is sent to the tailing storage facility. ™*

Although cyanide in minute amounts occurs naturally and is produced by some plants,
a small amount can be highly toxic to humans and wildlife. A teaspoon full of two-percent
solution of cyanide can kill a human adult.”® Fish and aquatic invertebrates are extremely
sensitive to cyanide, just 5.0 to 7.2 micrograms per liter of free cyanide in aquatic systems can
effect a fish’s movement and prevent successful reproduction. Higher amounts can cause
additional physical effects and death.®

Cyanide is just one of the many chemicals that will be used at the proposed Pebble
Mine site that has a chance 1o contaminate the currently pristine, life-supporting waters of the
Koktuli River.

2. Tailings

During mining operations ore is removed from the ground and mixed with water and
chemicals separate copper, gold and other metals from the rock. More than 99 percent of
processed ore becomes a solid-water-chemical waste called tailings that are usually
permanently stored within large impoundments. Tailings contain process chemicals and
elements from natural rock that can harm humans and wildlife. For example, 2 parts per billion
concentrations of copper above background may negatively affect the ability of salmon to
locate their spawmng grounds.®' Other natural rock elements may include aluminum,
antimony, arsenic, barium, cadmium, chromium, cobalt, iron, lead, manganese, mercury,
molybdenum, nickel, selenium, silver, thallium, zinc, sulfides, and natural radicactive
constituents (uranium, thorium, potassium-40).

Process chemicals in tailings may include lime, sodium isopropyl xanthate (e.g. SF-
113), dithiophosphate and thionocarbamate (e.g. Aeropromotor AC 6682), methyl
isobutylcarbinol (MIBC), and polypropylene glycol methyl ether (Dowfroth 250). Some of
these chemicals are recycled but most are discharged with the tailings.

Copper mines frequently operate for 50 years or more. Tailings impoundments must
hold the waste forever and are vulnerable to natural forces such as erosion, landslides and
earthquakes. Seepage is collected and returned to the impoundment during operations, but this

** From the International Cyamde Management Institute website: htip:/www.cyanidecode.org/cyanide_use.php
* http://montanakids.com/ agriculture_and_business/mining/Future_of Mining.htm

From the Intemational Cyanide Man.l;__cmcnl Institute website:
hup://www.cyanidecode.org/cyanide_environmental.php

*' Hecht, S.A. and 5 coauthors. 2007. An overview of sensory effects on juvenile salmonids exposed 1o dissolved
copper. Technical White Paper. NMFS, Seattle, WA.

ol
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process usually stops when mining ceases. Inevitably, some of the “chemical soup” seeps out
into the surrounding ground and surface waters.

Il developed the proposed Pebble Mine would be the largest open pit mine in North
America. The pit would stretch to 2 miles wide, and be dug as much as 2,000 feet deep. The 8
billion tons of waste rock removed from the mine would require two giant tailings ponds
enclosed by four earthen dams, the largest measuring 4.3 miles long and 740 feet high (far
bigger than Grand Coulee Dam). The other dams would be 700, 400 and 175 feet tall. Each of
these dams would put two valleys under water, one of which is in the Koktuli river watershed.
The area is also an active earthquake zone which leads to an elevated risk of structure damage
and pollution.®

3.  Risk of Acid Mine Drainage and Metals Leaching %

The reasonably foreseeable human activities of mining development in the Kokuuli
River watershed, makes Acid Mine Drainage (AMD) another potential risk that would degrade
water quality. Acid drainage and metal leaching occur because the metals developers want
from mines commonly exist as complex chemical compounds in the rock. The entire mineral
makeup of the rock, not just the copper or gold, determines how excavating and storing rock
alfects the environment.

Three processes can lead to contamination. First, rain and snow falling on crushed or
broken rock can turn the water acidic (low pH) or alkaline (high pH). Second, rain or snow on
rock may leach metal salts (readily dissolved compounds) into water. Third, processing
chemicals can leak or spill.

Iron sulfide is a major contributor to AMD. Iron sulfide often occurs with gold and
other valuable minerals. Rain, snowmelt, or water moving over iron sulfide forms sulfuric acid.
The acid dissolves metals in the rock like copper, zinc, nickel, and lead. Acid and metals are
washed downstream into clean watersheds where aquatic plants and animals are exposed. It
can occur in tunnels, open pits, waste rock piles, and mill waste (tailings) (Figure 10).

*2 hutp://ourbristolbay.com/the-risk-factsheet.html
3 This section compiled by Dr, Kendra Zamzow of CSP2, hup: www csp2.ore. References are included at the
bottom of: hup://ourbristolbay.com/acid-rock-drainage.himl
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Figure 10: Acid Drainage photo. Acid drainage is red or orange because of
the iron in it. Dissolved oxidized iron gives acid drainage its distinctive red color.
These processes occur naturally, but are more extreme when rock is crushed and
more rock surface is exposed. Acid on tunnel walls at Kensington gold mine
(Southeast Alaska). Photo - D. Chambers.

While sulfide makes acid, carbonate in rock buffers acid. The ratio of sulfides to neutralizing
rock like carbonate influences the overall acidity of mine drainage. With enough buffering
minerals, drainage may not be acid; however, neutralizing minerals often break down more
quickly than sulfides, so even if there is plenty of neutralization initially, acid drainage may
develop in the future. Acid mine drainage may take decades to develop.

Acid mine drainage may contain copper, zinc, cadmium and other minerals to which salmon
are very sensitive. As little as a 2-8 parts per billion increases in copper above natural stream
levels damages the ability of salmon to smell and it becomes harder to avoid predators, find
mates, and return to spawning grounds.

When acid drainage enters clean streams, the acid is diluted, but “yellowboy” forms as red

dissolved iron becomes solid. Yellowboy is a classic orange color (Figure 11) and acts like
cement, smothering species that live on stream bottoms.
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Figure 11: Red dissolved iron and yellowboy. The red iron (top) and yellowboy
{(bottom) near the closed Leviathan copper mine in California. Top photo G. Miller. Bottom
photo Lahontan Regional Water Quality Board.

Dissolved aluminum also becomes solid in natural waters, forming mucus-like streamers that
clog fish gills and cause fish to suffocate.

Acid drainage is irreversible. Placing sulfide rock underwaler or burying it can slow acid
formation by removing oxygen, but it won’t stop completely if ceriain forms of iron are
present. Since it cannot be stopped, the contaminated water must be treated in perpetuity, for
hundreds or thousands of years. ™

Preliminary geochemical data indicates significant acid mine drainage potential at the Pebble
Mine site. If water treatment is required, expensive lime treatment may be necessary, possibly

* Mining companics post bonds 1o pay for water treatment, but regulators ofien underestimate the cost, leaving
taxpayers to pay. For example, when Montana and the US Environmental Protection Agency (EPA) requested
Pegasus Gold to clean up water pollution in 1998, Pegasus filed for bankruptey and left Montana with millions of
dollars in water treatment costs.
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in perpetuity. Lime products form sludge that will require on site disposal. Treated discharge
has low metals but high total dissolved solids (1ds).

Authorizing a mine where it is known that water treatment in perpetuity will be required poses
significant long term financial and/or environmental risks to the public.

In addition to acid mine drainage, other mining byproducts can have effects on the watershed.
Metals and metal-like elements don’t need acid to dissolve — they can dissolve at neutral or
alkaline pH. This is called “metal leaching”. Alkaline pH can occur in two ways: if the rock
contains a lot of carbonate, or if ore processing requires the pH of process water to be very
high. For instance, when cyanide is used to extract gold, the pH must be kept high to avoid
forming cyanide gas that can kill people. Alkaline water causes arsenic, cadmium and
selenium to dissolve. These toxins can reduce growth, cause physical deformities and kill fish.

4, Impacts to Fish

Given the location of the deposit (See Figure 9) the proposed Pebble Mine has potential to
contaminate surface water of the Koktuli River system, a direct threat to the characteristics of
an Outstanding National Resource Water. In addition to surface water contamination, the
extensive glacial gravel deposits of the Koktuli area are highly permeable; a characteristic that
contributes to salmon productivity but also provides pathways for water and potentially for
mine wastes to move between surface and groundwater and between river basins.

Salmon have adapted to the local surface water, naturally pure with extremely low
concentrations of dissolved minerals; even minute amounts of contaminants beyond what these
salmon have adapted can potentially cause harm. Salmon and organisms comprising freshwater
food chains are very sensitive to heavy metals, trace elements, and other contaminants found in
mine wastes.” Pollution from mines can degrade habitat and other ecosystem functions
including®:;

Acid Mine Drainage - Acid mine drainage harms respiratory function of fish, and low
PH can impact reproduction rates and rearing success. Low PH can also kill aquatic
plants and macroinvertebrates, thereby diminishing important food sources and
disrupting the natural food chain.

Heavy metals contamination - Dissolve heavy metals can bioaccumulate in trout and
salmon and collect on their gills, causing respiratory problems. Some metals have been
shown to severely impact the juvenile salmon life cycle and limit growth rates. High
metal concentrations in water can be toxic to plants and wildlife. They can also

[

Elsa M. Sorensen, Meral Poisoning In Fish, 235-84 (1991); A. Dennis Lemly, Mining in Northern Canada:
Expanding the Indusiry While Protecting Arctic Fishes — A4 Review. 29 Eeotoxicology and Envil, Safety 229, 230-
34 (1994); Ronald Eisler, Handbook of Chemical Risk Assessment: Hazards 1o Humans, Plants, and Animals:
Metals, 144-73 (2000)).

“* http://www.tu.org/conservation/abandoned-mines-western-us
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bioaccumulate in fish tissues and can be passed on to humans and other animals
through the food chain. Open-pit mines, tunnels, and other mine workings can also be a
direct threat to groundwater contamination when they extend below the water table.
When these areas fill up with water, they can lower the water table and contribute to
dewatered streams, springs, and wells.

o Sedimentation - . As soil particles are washed into a stream, sedimentation occurs as
they drop to the streambed and cover rocks and vegetation Sediment from waste rock
and tailings piles can cover spawning beds, impair the growth of other aquatic
organisms and smother juvenile trout. Sediment can also raise the water temperature,
decrease oxygen supplies, fill pools, destroy stream channels, and lead to greater risks
of flooding.

Some examples:

» In Colorado, there are 20,299 abandoned mine sites and 1,300 miles of adversely
affected streams! As one example, mining waste has killed 20 miles of the Animas
River fishery in southwest Colorado from the nearby molybdenum mine.

e InNew Mexico, at least eight miles of the Red River's aquatic life (including its trout)
have been decimated by heavy metal waste associated with the nearby molybdenum
mine.

» In Montana, a tailings dam in the headwaters of the Blackfoot River breached in 1975
and sent sever thousand tons of mine waste into the river. The toxic material has been
traced as far as 16 miles downstream and killed ail aquatic life in the first ten miles of
the river.

Of particular concern to the outstanding natural waters of the Koktuli River system is
potential contamination from: low pH or an unusually high pH; metals/metalloids {elevated
concentrations ol many potentially toxic constituents such as: aluminum, antimony, arsenic,
barium, cadmium, copper, chromium, cobalt, iron, lead, manganese, mercury, molybdenum,
nickel, selenium, silver, thallium, vanadium, zinc); together with elevated concentrations of the
major metals (calcium, magnesium, sodium and potassium); of nonmetals (sulfate, nitrate,
ammonia, boron, phosphorus, fluoride, chloride); and of natural radioactive constituents
(uranium, thorium, potassium-40, gross alpha and bela, in general), all of which are associated
with natural rock in place. Two recent papers document the presence of these constituents in
the Red Dog mine rocks (Kotzebue area), and it is of similar concern in the Bristol Bay
watershed (Slack et al., 2004a and b). Moreover, interactions among metals, can produce more
than additive effects. Mixtures of metals can cause higher rates of mortality in fish than would
be expected by simply adding the effects of each element alone.”” Once inside an organism,
metallic elements exist in a specific form and ratio to other elements and will interact directly

®"J.B. Sprague & B.A. Ramsay, Lethal Levels of Mixed Copper-Zinc Solutions for Juvenile Salmon. 22 J. of the
Fisheries Red. Bd. Of Can. 425 (1965); Sorenson, Swpra note 26, 335-39; Eisler, supra note 26 at 335,
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or indirectly based on a multitude of parameters.®* For example, survival from egg to hatch of
catfish (Jetalurus spp.) treated with a 1:1 ratio of Cu:Zn declined predictably under an additive
model up to a concentration of ~1 ppm. With increasing concentrations, mortality rates
increased synergistically at higher that predicted rates.”” However, relatively few studies of
synergistic effects exist, and the scientific understanding of such effects is still developing.”

Short-term fluctuations in water quality are caused by diurnal variation in natural
conditions, especially light exposure. For example, this has been documented in a small
system in Colorado that receives acid mine drainage; photoreduction of ferric iron results in a
well-defined increase in dissolved ferrous iron during the day. There is greater variability in
dissolved iron concentrations during the day, indicative of photoreduction. (McKnight, 1988).
To understand the chemical and physical nature of this system, baseline water quality data
collected at specific time intervals is needed, as is long-term monitoring lor diel cycle
variations. A full understanding of natural systems requires that we understand complex ways
in which seemingly unrelated processes such as photosynthesis and sorption are coupled.
(Fuller, 1989). Diurnal fluctuations in concentrations of metals such as cadmium and zinc also
have documented impacts on trout survival. (Nimick et al., 2007). Seasonal fluctuations can
bring much larger changes in concentration than diurnal changes - particularly during break up
when snow is melting. This causes metals sequestered in sediment and sediment pore-water (o
flush up into the water column and sharply increase metal concentrations in water.

There are potential effects on fish of from copper concentration increases [2-10 ppb
(ng/L)] over natural levels in the aquatic environment.”’ Minute increases of dissolved copper
above natural water levels can impair a salmon’s sense of smell, and thus survival, as salmon
use smell to find spawning grounds and to distinguish among predators, prey, kin, and mates
(Woody, 2007; Hecht et al. 2007). Increased levels of copper can stress salmon and impair
their ability to fight disease, breathe, or maintain cell fluid and electrolyte balance
(osmoregulation), and can impair brain function (Eisler 2001; Woody, 2007). Additionally,
increased levels of copper may delay or accelerate natural hatch rates, which can reduce
salmon survival rates and kill or harm salmon food sources, including algae, zooplankton,
aquatic insects and fish (Woody, 2007). The following excerpt from the Alaska Law Review
further explains these potential threats to the Koktuli River system and its fisheries habitat:

R

* 1.H. Sanstead, Effects and Does-Response Relationships of Toxic Metals (1976); SORENSEN, supra note 26, at
335,
* Wesley J. Birge & Jeffrey A. Black, Effects of Copper on Embrvonic and Juvenile Stages of Aquatic Animals, in
Jcromc O. Nriagu, ed., Copper in the Environment; Health Ejfec!s Part 1,373 and 386-88.

™ Geoflrey Y. Parker and Frances M. Raskin et al, Pebble Mine: Fish, Minerals, and Testing the Limits of
Alaska’s “Large Mine Permitting Process. Alaska Law Review, Volume XXV, No. |, June 2008, 19.

! The proposed Pebble Mine would be a large-scale (2007 Northern Dynasty Mines plans show ~2.6 mi long X
1.6 mi wide X 1 - 5 thousand fi deep copper-gold-molybdenum) mine similar to mines (e.g. Butte, MT) that
increased copper and other pollutants harmful to fish in the surrounding environment (USEPA 1994; Woody,
2007). The exact Pebble Mine plan is undefined at present. It is expected to include both open-pit and
undcrground operations,

Guol‘frcy Y. Parker and Frances M. Raskin, et al, Pebble Mine: Fish, Minerals, and Testing the Limits of
Alaska’s “Large Mine PermittingProcess. "Alaska Law Review Vol XXV, 17, (June 2008).
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Both lcthal and sublethal efiects of copper (Cu) on salmon and their food chains bave been
demonstrated ™ at concentrations below the Alaska state water quality criterion for
protection of freshwater species (9 micrograms Cu per liter {pg Cu/L) calculaed on 100
mg/L hardness (CaCO3)), and well below the human drinking water criterion of 1,300 pg
CuL” C opper has sublethal effects on salmon that can reduce the viability of
populations.™ Concentrations below the accepted criterion for aquatic life in Alaska (<9 pg
Cu/L) have produced the following documented effects on fish:
.impairment of sense of smell (olfaction);”
.interference with normal migration;”’
.impairment of their ability to fight discasc (immune responsc)
4. difficuhies in breathing;™
5. disruption of osmoregulation (ability to control internal salinity of body fluids):
6. impairment of ability to sensc vibrations via their lateral line canals (a sensory
system that helps fish avoid predators);®
7. impairment of brain function;™
8. changes in enzyme activity, blood chemistry and metabolism;* and
9.delay or acceleration of natural hatch rates;"
Many metals toxic to aquatic life are commonly released at hard rock mining sites, and
interactive effects on salmon and aquatic systems arc not well studied.® Few studies exist
on the “cocktail” efiects that multiple metals have on fish and aquatic food chains.
Combined effects can be more toxic than any single clement.*

Ll |

R
:

it

3 Eisler, supra note 21, at 144-173, TABLE 3.5 144161,

™ Alaska Admin. Code tit. 18 § 70.020(b) (2007) incorporates by reference the Alaska Water Quality Criteria for
Toxic and Other Deleterions Substances, available at
http://dec.alaska.gov/water/wgsar/wqs/pdfs/70wgsmanual. pdf (stating copper criteria for freshwater aquatic life
and for human health).

” David H. Baldwin ct al., Sublethal Effects of Copper on Coho Salmon: Impacis on Nonoverlapping Receptor
Pathways in the Peripheral Olfactory Nervouns System, 22 Envt’] Toxicology and Chemistry 2273 (2003): Eisler,
stpra note 21, at 163-166. SORENSEN, supra note 19, at 269-276.

). Raloff, Aguatic Non-Scents: Repercussions Of Water Pollutants That Mute Smell, SCIENCE NEWS, Jan. 27,
2007, a1 59.

""J.N. Goldstein, D. F, Woodward and A. M. Farag, Movements of Adult Chinook Salmon During Spawning
Migration in a Metals-Comtaminated Svstem. Coenr d 'Alene River, ldahio, TRANSACTIONS OF THE AMERICAN
FISHERICS SOCIETY 128, 121-129 (1999); D.F. Woodward et al,, Brown Trout Avoidance of Metals in Water
Characteristic of the Clark Fork River. Montana, CANADIAN JOURNAL OF FISHERIES AND AQUATIC SCIENCES
32:2031-2037 (1995); SORENSEN, supra note 105, at 264,

® R.J. Baker, M.D. Knittel , and 1.L. Fryer. Susceptibility of Chinook Salmon, Oncorhynchus tshawytscha
(Walhatm), and Rainbow Trowt, Salmo gairdneri. Richardson, to Infection with Vibrio anguillarum Following
Sublethal Copper Exposure, Journal of Fish Discases 3:267-273 (1983).

™ Sorensen, supra 27 at 266-269,

* Jd at 256-262; Eisler, supra note 21, at 180.

*' Sorensen, supra note 27, at 253,

¥ Eisler, supra note 27, a1 163,

** Sorensen, supra note 27, at 256-262. EISLER. supra note 104, at 180.

* Sorensen, supra note 27, a1 271,

% Eisler, supra note 27, at 102-105,

* Carol Ann Woody, Copper: Effects on Freshwater Food Chains and Salmon: A Review. 14 at
hup://fishdthefuure.com/pd{s/Woody Copper_Effects_to Fish%20-%20FINAL2007.pdf. (Sept. 21, 2007).
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The Pebble Parlnershlp asserts that about ninety-five percent of the metal that the mine would
produce is copper.”” Given the location of the deposit, the type of deposit and mine proposed,
increased levels of copper are reasonable and foreseeable changes from human activities that
would cause reduction in existing water quality within the Koktuli River watershed and have a
significant effect on its trout and salmon populations.

Of additional concern are contaminants generated in the processing of ore, and these
are of toxic concern to fish and fish habitat. The following chemical agents are some of the
potentially-toxic processing compounds generally added in mineral processing: methyl isobutyl
carbinol, potassium ethyl xanthate, sodium ethyl ether, potassium amyl xanthate, sodium
isobutyl xanthate, sodium metabisulfite, zinc sulfate, copper sulfate, sodium cyanide, sodium
sulfide, lime, sodium hydroxide, organic antiscalents and flocculents (Personal Communication
between Robert Moran and Lauren Oakes, 11/2007). Moreover, interactions among metals,
such as copper and zinc, can produce more than additive affects. Mixtures of metals cause
higher rates of monallly in fish than would be expected by simply adding the effects of each
element alone.*

*" Elizabeth Bluemink, Jewelers Announce Opposition to Pebble Prospect’s "Dirty Gold: ™ Companies Call for
Protection of River Drainages, Anchorage Daily News, Feb. 13, 2008, at Al, available ar
http://www.adn.com/money/industries/mining/story/3 13462 .html.

*" Lisler, supra note 27, at 163-166 at 138.

*™ 1. B. Sprague and B.A. Ramsay, Lethal Levels of Mixed C opper-Zinge Solutions for Juvenile Salmon, 22 1. of the
Fisheries Red. Bd. Of Can. 425 (1965); Sorenson, supra note 105, 335-39; Eisler supra note 104, at 104,
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Figure 12: illustrates the proposed Pebble Mine in proximity to the
Koktuli Rivers and details observed anadromous fish populations.

Once copper and other heavy metals enter a system, they generally remain and are
constantly recycled due to floods, lake turnover, and benthic feeding organisms (e.g., snails,
clams, whitefish). Such effects on salmon and aquatic food chains of the Koktuli River system
could cause significant declines in salmon populations, and the cumulative long term effects of
copper and other pollution on salmon warrant the protection and maintenance of existing water
quality of the Koktuli River system.

IV. Community Support and Testimony

Local Support, Testimony, and Additional Evidence to Substantiate ONRW Designation

Anglers, recreationists, scientists, and local Natives, recognize the Koktuli River
system is well known as one of the most beautiful and outstanding waters in the state,
supporting a larger ecosystem like none other on the planet.
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Flyfishing lodge owner Chuck Ash is a native Alaskan who has guided wilderness and fly
fishing trips since 1975. As owner of Brightwater Alaska, a guided fishing company, he has
floated, hiked, and fished the Koktuli River and surrounding area since 1985.

Over the years | have walched as rivers diminish in wilderness value due to
greatly increased human use, especially by float planes and river boats. The
Koktuli however has remained by and large unaffected. It has no headwaters
lake from which it can be easily accessed by plane and the river is too small and
too interdicted by natural logjams and sweepers to be easily navigated by river
boats.

There are a number of rivers in Bristol Bay where 1 can float and find good
fishing. The Koktuli is one of the last two remaining rivers where I can take
customers to find true wilderness and real solitude. All of Alaska was once this
way.

The ecosystem over the length of the river is unique and defines the experience.
The upper third of the river is through upland tundra, which abruptly changes to a
riparian spruce-birch forest at the confluence of the north and main forks. This
forest continues in a narrow but widening band, closely contained by the tundra
on the uplands surrounding it, and descends into the broader floodplain of the
Mulchatna River.

Because of the wide variety of habitat along its entirety, the Koktuli is unusual in
the mix of species it contains. Vegetation, birds and mammals on the upper end
are those that require the open and more arid conditions of tundra. Further
downriver are found the species that require the coolness and shelter of the forest.
All the species present on the Koktuli require fresh and clean water for their
existence.

Moose, wolves, wolverines and foxes are the resident large mammal species here,
but many of the other mammalian, avian and piscine species are migratory. Birds
migrate from North America, South America, Asia and the Pacific islands o nest
here or on their way to nesting grounds further north. Caribou migrate through
the Koktuli valley on their annual peregrinations. The migrating salmon,
however, are the linchpin to the strength and diversity of this ecosystem.

Salmon come annually from the sea to spawn, transferring energy and minerals
from the ocean to the waters and land of the Koktuli in the process. Rainbow
trout and Dolly Varden migrate upstream to feed on the roe and decaying flesh of
these spawning salmon, returning to the larger waters of the Mulchatna in the late
summer. Grayling descend from their own spawn in the upper river to take
advantage of the salmon spawn, as well. Bears migrate seasonally both to and
through the Koktuli in search of spawning salmon. The people who reside in the
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Bristol Bay area are also economically and culturally dependent on these
returning salmon. Without the salmon the fabric of life here is weakened and the
richness of this ecosystem and all it supports wanes.

My concern for the protection of the Koktuli River sysytem is not personal, but
rather for the sanctity of what was once both unique and common, and is now
scarce and precious.

Chuck Ash

Brightwater Alaska, Inc
www brightwateralaska.com
11300 Polar Dr

Anchorage, AK 99516
007-344-1340

briteh2o(@ alaska.net

Nature writers and photographers, Erin McKittrick and Bretwood Higman (Hig) have
walked over 7000 miles all over Alaska. They have studied the wilderness of Alaska not only
as fuel for their writing and photography but to gain awareness about these last remaining
wilderness locations. Hig and Erin visited the Koktuli and Iliamna region in the summer of’
2006, upon completion of there epic 3000 mile journey, this was said,

When 1 visited the Koktuli River in 2006 along with my wife and a
friend, we had been living in Washington. In many ways this framed
our impressions. In Washington, there are beautiful mountains, but if
you visit the rivers, they are crowded by development, framed by young
forests, and sport a fraction of the fish that once crowded their waters.
In contrast, the Koktuli wanders free across a broad wild valley.

We passed a USGS river gage, but no other evidence that humankind
existed. Starting at the headwaters in Frying Pan Lake, we walked and
floated first through tundra speckled with spring flowers and roaming
bears. At lower elevations willow and cottonwood forests crowded the
river, providing browse for moose. We caught rainbow trout and arctic
grayling. Even after a winter, the signs of last season's salmon runs
were apparent—bear scat filled with fish bones. On the lower river we
passed into spruce forests. These gallery forests are confined to the
floodplain, and are bounded by broad plains of rich tundra feeding
caribou and providing nesting for migratory birds such as the arctic tem
and sandhill crane.
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Everywhere in salmon country rivers are the biological center of the
universe. It is only on the river banks that you see the animals and
plants at their full diversity and density. Along the Koktuli, that
ecosystem is particularly broad and diverse. Because the valley is broad
and low, and because the river crosses through transitions between
tundra and forest, there is diverse habitat to support plants and animals.
When the salmon come, providing a huge boost in nutrients, the
ecosystem benefits for miles to either side of the river.

The Koktuli is alive. In Washington, most large animal tracks are
rare—there we would react with excitement at even one bear print. The
banks of the Koktuli are crisscrossed with tracks of bear, caribou,
moose, beaver, porcupine, ground squirrel, wolverine, river otter, and
innumerable birds. My wife and | moved to Alaska a little over a year
ago, in part because of the Koktuli Valley and places like it.

In a recent poll, which is the most in-depth survey of local Alaska Natives” opinion,
determined that only 8 percent of survey respondents supported the Pebble mine project. The
survey also found that 79 percent of respondents believe the Pebble Mine, located in the
headwaters of two of the region’s largest salmon-spawning rivers, would damage Bristol Bay’s
wild salmon fishery — a key resource that many residents depend on for income and food.

Designate the Koktuli River as Alaska’s First ONRW

The Koktuli River is a gem even amongst Alaska’s most stunning landscapes and
deserves the protection that Outstanding National Resource Water status awards. Its trout and
salmon populations have sustained decades of anglers and other recreationists in their quest to
experience some of the best backcountry travel left in the country. In addition, healthy runs of
salmon have supported a vibrant and well-functioning ecosystem for centuries, which in turn
has shaped a subsistence way of life for Alaska Natives and other residents who depend on the
land for their survival and way of life. We, the petitioners of this nomination, can think of no
watershed more worthy of becoming Alaska’s first Outstanding National Resource Water than
the Koktuli River system.
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Appendix |

Location of South Fork and Mainstem Koktuli River by Meridian,
Township, Range, Section
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Appendix I

Location of North Fork Koktuli River by Meridian, Township, Range,
Section

MTR MERIDIAN TWP TWP_DIR RNG RNG_DIR SEC_NO

S002S035W29 S 2 S 35 W 29
S002S035W32 S 2 S 35 W 32
S003S036W01 S 3 S 36 W 1
S003S035W06 S 3 S 35 W 6
S003S035W05 S 3 S 35 W 5
S003S036W08 S 38 36 W 8
S0035036W09 S 3 S 36 W 9
S003S036W10 S 38 36 W 10
S003S036W11 S 3 s 36 W 11
S003S036W12 S 3 S 3B W 12
S003S036W18 S 3 S 36 W 18
S003S036W17 S 38 36 W 17
S003S036W16 S 38 36 W 16
S003S036W14 S 3 s 36 W 14
S003S036W13 S 38 36 W 13
S003S037W24 S 3 S 37 W 24
S0035036W19 S 3 S 36 W 19
S003S036W23 S 3 S 36 W 23
S003S037W25 S 3 S 37 W 25
S003S036W30 S 3 S 36 W 30
S003S036W27 S 3 S 3B W 27
S003S036W26 S 3 S 36 W 26
S003S037W36 S 3 S 37 W 36
S004S037W02 S 4 S 37 W 2
S004S037W01 S 4 8 37 W 1
S004S038W11 S 4 8 38 W 11
S004S038W12 S 4 8 38 W 12
S0045037W07 S 4 8 37 W 7
S0045037W08 S 4 S 37 W 8
S004S037W09 S 4 8 37 W 9
S004S037W10 S 4 s 37 W 10
S004S037W11 S 4 8 37 W 11
S004S038W14 S 4 8 38 W 14
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ABSTRACT

Float trips were conducted on the lower 32 mules of Kokiudi River in the Nushagak River drainage during June, Juiy
and August 2005 o document the s1z¢ distibution of resident fish species znd observe the distribution of resident
fish and salmon species in the river. Waler quality parsmeiers were documented a1 four sites on each flom mp,
Hook and fine sampling was conducled from two rafis on each float mp. A il of 183 rvwnbow 1rour
Oncorlynchus myvkivse, 29% Arctic gravling Thvmatlis wrcricns, and 70 Dolly Varden Salvelinus mulna were
captwred.  The mean fork length und weight of rainbow trout was 206 mm und 880 g. The mean fork length und
weight of Arctic Grayling und Doily Vurden were 31 mnm and 364 g and 448 nun and 993 g, respectively. A 1ol
of 193.3 hours wus spent anghng. The mean catch per uniz eftort (fish/hour) of rainbow trout. Arctic grayling and
Dolly Varden were 0.95. 1.530, and 0.35. respectively.  Adult Chinook O. shawyischa, chum G ko, sockeye O.
nerka and coho salmon O Aiswiscl were observed throughout the river over the course of the studv.,  Juvenile
Chinook und coho were captured in minnow traps at most sites sampled.

Key words:  Koktuli River, Nushagak River, flowt wips. water quality. rainbow trout, Oneorhvaehus mykisy, Arctic

gravling, Thvmaling arciicus, Dolly Varden, Sabvelinus mahna, cateh per unit effort.

INTRODUCTION

The Koktli River flows into the Mulchamna River of the Nushagak River system in southwest
Alaska (Figure 1). A lack of rapids and a diversity of anadromous and resident fish species,
most notably rainbow trout Oncorfiynchus mykiss, make the river a popular choice for floart wrips
in the Bristol Bay Management Area (BBMA). Float and wheel equipped aircrafi access the
river’s headwaters, and the lower river is aceessible by power boat from Mulchatna River. Three
float trips were conducted on Koktuli River 1o documient the presence and distribution of
anadromous and resident fish species in the drainage. In addition. water quality and aquatic
habitat parameters were documented.  This information will be used as a reference for evaluating
the potential future impacts of development and increased use in the drainage.

The headwaters of Kokuwli River are located approximately 120 miles noitheast of the
community of Dillingham. The Kokwli River is comprised of a north and south fork (Figure 2).
The south fork is a larger, wider river conducive to float mip activities and {lows approximately
75 miles 10 its confluence with the Mulchama River. The Koktuli River supports all five species
of Pacific salmon Oncorfivnchus. rainbow trout, Arctic grayling Thvmallus arcticus, round
whitefish Prosopium cvlindraceum. Dolly Varden Sulvelinus malma. and northem pike Esox
lucius,  Aenal index surveys to cnumerate Chinook salmon O. whuwitscha spawning in the
Nushagak River drainage indicate that Kokwli River supports approximately 24% of the
drainage’s spawning population (Dye and Schwanke /n prep).

Fhe Nushagak/Mulchatna River dratnage is a popular drainage for sport fishing in the BBMA
with 18,420 angler-days of effort from 1999 10 2003 (Howe et al. 2001: Jennings et al. 2004,
2006a, b; Walker et al. 2003). The average effort for the Koktuli River during the same 3-vear
pertod was 319 angler-days (Howe ¢t al. 2001: Jennings et al. 2004, 2006a, b: Walker a1 al.
2003). Potential mineral resource development at the headwaters of Koktuli River may increase
access and angling pressure on the river. Increased use and mineral development also have the
potential to neganvely affect the nver’s water quality to the detriment of fish populations.
Documenting fish distribution, resident {ish size composition and water quality in Koktuh River
provides information to assess potenual effects of development and increased use.
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Figure 1.—Bristol Bay area showing the location of Koktuli River in Nushagak River drainage

The objective of this study was to
1.

River

OBJECTIVES

Estumate the size distribution of resident fish species susceptible to hook and line
sampling in the upper south fork of the Kokuli River to its confluence with Mulchatna
Addition project tasks were to

Calculate the mean catch per unit effort (CPUE) (number of rainbow trout, Arctic

grayling and Dolly Varden captured per hour) with hook and line gear in Kokieli River
between the upper south fork and its confluence with Mulchatna River:
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Document water quality and aquatic habitat parameters from four locations on Koktuli
River:

.

3. Document distribution of resident {ish species in Koktuli River between the upper south
fork and its mainstem confluence with Mulchaina River:

4. Document the upper reaches of the river where anadromous salmon are observed
spawning: and

_Ul

Document the upper reaches of the river where juvenile anadromous salmon are
captured with minnow traps.



METHODS
STUDY DESIGN

Float trips on Kokruli River were conducted in Junc. July and August of 2003, A trip scheduled
for Sepiember was not possible duc to fow water preventing fioat plane access. The study area
was a 52-mile stretch of river from the upper south fork of Koktuli River to its mainstem
confluence with Mulchatna River (Figure 2). A combination of visual observation. angling and
mmnnow trapping was used to determine the presence and distribution of fish w the river. Water
quality was asscssed at four Jocations on each trip.

Float trips began on the upper south fork of Kokiuli River near a wndra lake that was large
enough to accommodate a float equipped airplane (Figure 2). Float tnps were conducted by four
technicians in two 10-foot rafls and took 5 days. Terminal gear used largely consisted of size
two and three spinners of various colors and brands. Sampling was conducted in 2-mile stretches
using a “leap frog” strategy. One raft floated (without sampling) through a 2 mile section of
river as indicated by a global positioning system (GPS) while the other rafi sampled the 2 iiles
that the previous raft floated through. Once the primary rafi floated 2 miles, its occupants
sampled the next 2-mile section. The start and ending location of cach 2-milc river section were
recorded with a global positioning system. Thesc points defined the sections of river to be
floated and fished during subscquent trips. The technician not oaring angled over the entire
course of cach section. The other technician angled when productive habitat (i.e. decp pools.
deep runs. woody debris) was encountered and the rafi was stopped. Time spent angling in each
section by each technician was recorded to cstimate CPUE of resident species. Each technician's
independently recorded catch and effort were combined to estimate CPUE in cach section.

Water quality and aquatic habitat parameters sampling sites were recorded with GPS coordinates
on the first float irip and subsequent samples were taken at the same location. The locations
were: the starting point of the float trip. immediately above the confluence with the north fork,
on the north fork immediately above its confluence with the south fork. and on Koktuli River
immediately above the confluence with the Swan River (Figure 2). Parameters measured were:
waler and air temperature. pH. specific conductivity. turbidity. dissolved oxygen level, water
color. stream stage. substrate type. channel width. water depth and riparian plant community. In
addition. wirc mesh minnow traps baited with salmon eggs were set at each location and soaked
while water quality data were gathered (approximately 1 hour). Afier the water quality data were
collected the minnow traps were retrieved and the number of ecach specics ceptured was
recorded.

DATA COLLECTION AND REDUCTION

All resident fish species captured with hook and line gear were measured for fork length (FL) to
the nearest millimeter and weighed 1o the nearest 10 grams. The terminal gear used to capture
the fish was recorded. Each rainbow trout over 250 mm FL received an individuallv numbered
Floy-T-Anchor'™ tag placed on the left side near the postcrior base of the dorsal fin. No
secondary mark was used. All {ish captured in minnow traps were identified and counted. The
first encounter of any resident or anadromous species was documented with GPS to indicate the
upper range of that species” distribution within the survey area. Each technician recorded the
number of hours [ished per 2-mile section and the number of fish caught in each section.



Al cach of the water quality and habitar assessment sites a transect was selected ¢rossing a
straight section ot the river channel. Channel width and thalweg depth were measured at the
ordinary high water level and wetted levels. A YSI' 536 MPS muhti- parameter meter was used
10 measure several water quality parameters.  Measurements were taken in slow water by
inserting the probe direetly in the channe! near the thalweg, or 12 liters of stream water were
collected in a bucket and tmmediately analvzed. The probe was gently agitated to ensure proper
nuxing and the water chenustry readings were allowed to stabilize before recording values.
Specific conducnvizy, pH. turbidity. dissolved oxygen and temperature were measured with the
meter.

Water color (clear. ferric, humic or muddy), stream stage (dry, low. medium. high). three
dominant substrate classes (Wemiworth scale, Wentworth 1922), and Rosgen channel type
(Rosgen 1996) were visually assessed. The dominant riparian vegelation community along each
bank wuas visually assessed (Viereck et al. 1982). A photograph of an upstream and downsiream
view was taken along the banks connecting a transect.

A log was maimained to summarize data collected each day. The log summarized the daily
catch of all fish species. weather conditions, estimated number of each salmon species obscrved
spawning. water temperature. observations of any subsistence and sport {ish activity, and miles
of river covered.

DATA ANALYSIS
Biological Composition

Meuan length and weight and their associated variances were calculated for each resident fish
species caught. The proportion of & partcular species s, in weight or length class 7 (p,). was
estimated as:

Ay == (1)
with v, being the number of fish of species v in weight category 7 and », being the total number
of fish species s sampled for length or weight.

The associated vanance was estimarted as:
f . P\J(I - f’,\‘i) \
()= L= Pi), @)
ng=1

In addition, Anderson-Darling tests {Scholz and Stephens 1987) were used to assess differences
in the lengih frequency distributions for cach resident species captured among {loat tnips.
Catch per Unit Effort

CPUL was estimated by river secuon to provide an impression of relative fish density in Kokl
River.

V] Incorporitad, Y ellow Springs Ohio. Lise o' this company nme does 0ot constituie endarsement, bat o meohgbed for seientitic compleiepess.



Average CPUE for the study area was estimated as a ratio (Thompson 19921

n L
CPUE = Zc‘,/zu,-_. ()
=] i=1

and its variance estimated as:

1

Sl - CPUEx ;]

P(CPUE) = = : (4)
¢ ntun=1)

where:
¢; = catch of each fish species in section 7t
¢, =clfort expended in section /:
n =number of sections in study area:

and

o

~
I

RESULTS

Float trips were conducted from 13-16 June. 11-13 Julv and 16-19 August. A total of 183
rainbow trout were captured on the three float trips. of which 181 were measured for length and
177 were weighed. Two hundred and ninety-one Arctic gravling were captured of which 290
were measured for fengih and 272 were weighed. Seventy Dolly Varden were captured. all of
which were measured for length and 65 were weighed.

The length distribution of rainbow trout captured during the float trips ranged from 269 1o
557 mm FL (Figure 3) with a mean length o 406 mm (SE = 5.01) and fish in the 350 to 450 mm
range dominated the sample (Table 1). No significant difference (D = 1.32, nyy = 55, nyipz = 07,
thript = 39. P = 0.10) was detected in the cumulative length frequency distributions of rainbow
trout captured among float trips. The weight distribution ranged from 100 10 2.200 g with a
mean of 880 ¢ (SL = 33.96).

The length distribution of Arctic graviing captured ranged from 210 to 405 mm FL (Figure 4)
with a mean length of 211 mm (SE = 2.33) and fish in the 250 to 350 mm range dominated the
sample (Table 1). There was a significant difference (D = 6.01. nippy = 114 Nz = 95, Byee = 81
P < 0.001) in the cumulative length frequency distributions of Arctic grayvling captured among
float trips. The weight distribution ol Arciic gravling ranged from 100 10 805 g with a mean
weight of 364 ¢ (SE = 9.08).

The length distribution of Dolly Varden ranged from 181 to 571 mm FL (Figure 5) with a mean
length of 448 mm (SE = 8.01} and fish in the 400 to 500 mm range dominated the sample (Table
1), No significant difference (D = 0.533. nyip0 = 25, Nyyr = 45, P = 0.573) was detected lor the
cumulative length frequency distributions of Dolly Varden on the two trips they were captured.

5y
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Figure S—Length frequency distribwtion of Dolly Varden captured during float trips on Koktuh
River. 2003,

Fhe weight distribution of Dolly Varden ranged from 100 to 2,080 ¢ with a mean weight of
993 L (SE=43.12).

A total of 192.3 hours was spent rod and reel sampling during the three float trips with a mean
time spent angling of 64.4 hours (SF = 1.65) (Table 2). The total catch from the three float trips
was 344 resident fish with a mean of 181 (SE = 0.17) fish caught per float trip. The av erage
CPUE of rainbow trout per fioat trip {luctuated between 0.82 and 1.11 fish'hour with a mean
average CPUE of 0.95 fishhour (SE = 0.12) (Table 2). The average CPUF of Arctic gravling
decreased each subsequent trip from 1.70 to 1.26 fish hour with a mean average CPUF of .50
fishhour (SE = 0.15) (Table 2). The average CPUE of Dollv Varden increased from zero in
dune to 0.69 fish'hour in August with an average CPUL of 0.55 fish'hour (SFE = 0.11) for the two
trips theyv were captured (Table 2).
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Water quaiity information was collected at the four designated sampling sites on cach of the float
rips. The location of cach site was recorded with GPS coordinates and all water quality data
were collected with the exception of turbidity during the June float trip (Table 3). Al sampling
sites were sampled at the medium stream stage and had clear. well oxvgenated water. Minnow
traps were set at cach water quality sampling site during the first float trip and only at site four
during the rest of the float trips. Forty-nine juvenile Chinook and coho salmon O. kisutsch were
captured at three of the four water quality and habitat assessment sites (Table 3).

ifours spent angling and the catch and CPUE of resident specics in addition to the number of
adult salmon observed in each river section for each float trip are summarized in Appendices Al-
A3. Rainbow trout were found throughout the rtiver on cach of the (loat trips. but were most
concentrated in sections 14 through 22 with 65% of the total catch therein and a mean average
CPUE of 1.65 fish/hour (SE = 0.20). Arctic grayling were most concentrated in the upper half of
each float trip. Sections 1 through 14 comprised 81% of the total catch and an average CPUFE of
2.24 fish’/hour (SE = 0.19). In luly. the majority of Dolly Varden (76%) was captured in the
lower sections 14 through 26. In August, Dolly Varden were captured with a higher frequency
{62%) in the upper sections 1 through 13.

Four adult species of Pacific salmon (Chinook salmon. chum salmon 0. kera, sockeye salmon O.
nerka and coho salmon) were observed over the course of the three float trips (Appendices Al-
A2). In June. only two Chinook salmon were observed in the lower river. In Julv,
approximately 3,354 Chinook salmon were observed throughout the majority of sections. Chum
and sockeye salmon were also observed in most scetions throughout the river in July. Tn August
the majority of Chinook and chum salmon had completed spawning and carcasses were commeon
throughout the floai trip. Sockeye salmon werce also present throughout the river in August with
the majority of the fish in the upper sections either spawning or dead. The remaining sockeve
salmon mn the lower scctions were in prespawning aggregations. The first coho salmon was
captured in section 2 during the August trip.  Seven additional coho salmon were subscquently
captured in other sections.

Biological data files arc archived with ADF&G, Rescarch and Technical Services (Appendix
B1).

DISCUSSION

The iloat trips provided documentation of the size distributions, presence. and distribution of
resident fish species in the lower 52 miles of the river. Size distributions of {ish captured with
hook and line can be used for fuiure comparisons of samples collected in a similar manner. The
similarity of rainbow trout length distributions during the 3 months of the project provides
evidence that there may be a resident population in the river during the summer. Howcver. this
observation must be considered with caution since no lile history studies of rainbow trout have
been conducted in Mulchatna River drainage and the extent of movement between tributarics is
unknown. The length distributions of Arctic grayling were significantly different due to slightly
larger fish captured in June. Another research project on Arctic gravling in Koktuli River found
Arctic grayling to be common upriver of the survey area during the summer (P. McLarnon.
Fishery Biologist, HDR Inc.. Anchorage. personal communication). With Arctic gravling
present upstream of the float trip survey arca, the difference in length distributions mayv be
explained by the larger gravling being located farther upriver later in the summer.  Arctic
grayling have been found to segregate by size within a drainage during the summer with the
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largest Iish migratng o the upper reaches of the drainage (Amstrong 1986: Vincent-lanyg and
Alexandersdottir 1990).

Although not an index of abundance. the CPUE of resident species does provide a means of
documenting fish distribution in the survey area. Rainbow trout were most common in the fower
haif of the survey arca and Arclic grayviing were more common in the upper half of the survey
arca and are common above the survey arcz. Very little additional insight regarding the life
history and movements of rainbow trout and Arctic grayling was obtained during this study. The
distnibution of rambow trout throughout the river did not appear io change significantly over the
course of the three float trips. Onlv one rainbow trout was recaptured. It was tageed during June
in section 15 and recaptured approximately 10 miles upriver in Julv. Dolly Varden appeared in
the Jower hatf of the river between June and July and exhibited an upstream movement between
July and August. This is likely an anadromous population. simular to thosc observed in the
Togiak River drainage west of the Nushagak River, that enter the svsiem to fecd on salmon
spawn during late summer and to spawn n the fall (M. Lisac. Fishery Biclogist, USFWS,
Dillingham, persoral communication). Although spawning locations are unknown. some of the
Dolly Varden sampled in August were developing sexual characteristics such as spawning
colors.

Water quahty data were collected over the course of the project to document a number of
parameters.  Turbidity was not collected during the June {loat trip duc to a malfunction with
sampling equipment. The Jocation of each of the four sites that daia were documented allow for
the direct comparison of future samples from the same sites at the medium stream stage. Koktuli
River water quality appears 1o be relatively pristine and supports @ healthy diversity of salmonid
speeics.

Adult salmon were present throughout the survey arca scasonally and appeared abundant.
Spawning was ebsenved by Chinook. chum and sockeye salmon beginning in the upper section
of the float. and aeral surveys indicate that spawning occurs above this location as well.
Juvenile Chinook and coho salmon were captured at three of the four water quality sampling
sites and salmon frv were commaonty observed throughout the survey area.

In light of potential mincral resource development, additional studies arc occurring in Koktuli
River drainage by other research entitics to document cnvironmental parameters and assess fish
populations.  This study in comjunction with these other studies provides a means of
documenting current conditions to assist in monitoring the impacts of potental devclopment in
the drainage. A basic understanding of fish distribution throughout the survev area was garnered
from this research. However. very little information is available regarding the hife history of
rainbow trout or other resident species in the Nushagak and Mulchatna River drainages. Future
rescarch should examine the Tife history of the drainages™ resident species for the documentation
of spawning and other scasonal critical habitat arcas.
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APPENDIX B. LIST OF ARCHIVED BIOLOGICAL DATA
FILES
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Appendix Bl.-List of archived biological data files for resident fish species captured by hook and
ime sampling ai Kokt River, 2005

Description

File Name © ocation. species, caviured teehnique, data collected. dutes sampled)

HOOOSNLGI2005 Koktuli Rz ruinbow trowt: hook & Tine, sev, fongth, werght & teg data, 13-17 Jen
=000SH0RO32005  Koektwli R: ranbow wrout: hook & line: sev, length, weight & tog data. [ 1-15 Jud
-ONOS00H62005 Koktul: R: rainbow trout: hook & dine, sea, fength, weight & fay date, 16-19 Aug

D00SN0LN22005  Koktuli R: Arctie grayling: hook & linc: sex. length, weight & tag dita, 13-17 Jun
-000500b042005  Koktuli R: Arctic graviing: hook & line: sex, length, weight & tag data, 11-13 Jul
=00D300bYT2005  Koktuli R: Arctic gravling: hook & line. sex. length. weight & 1ag dar, 16-19 Aug

1OUD300bHE2005  Koktuli R; Dolly Varden: hook & Tine: sex, fength, weight & tag data, 13-17 Jun
1-000300bOE2005  Kektuli R: Dolly Varden: hook & fine: sex feneth, weight & top data, 11-1F Jul

Noter Archived at the Alasha Depariment of Fish and Game (ADF&G). Division of Sport Fish. Research and
Technical Services ut 333 Ruspberry Road. Anchorage. AK 99518-1563.
Text files of data scanned from mark-sense forms (ADF&G. Standard Age Weight Length. Form Version 1.2).



Appendix IV

Periodicity Chart for Koktuli Rivers and upper Mulchatna River (Wiedmer,
2006).

Chinnok Salmon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Smolt Passage ? i e i e - o
Adult Passage PIXX XXXX | XX
Spawning ? TIXX [ XXXX 1 ®
Incubation ? AXXAX | XXXX ikl Ltk it IR ] XXXX D XXXX POAXRXXN [ XXXX ] XXXX
Rearing ? XXXX | XXXX XAXX [ OAXNX L XXXN [ XXXX ] XXXX ] XXNXXN L XXXN | XXX | XXXN | XXXX
Sockeye Sulmon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Smoh Passage e XXXX | XXXX | XX7? eese eese
Adult Passage 27?7 ] XX XXXX | XXXX | 7
Spawning IAXXN ] XXXX | XXXX | ?
Incubation XXXX 1 XXXX XXXX [ XXXX | XXXX XXX XXXX [ XXXX | XXXX T XXXX | XXXX
Rearing XXRX | XXXX ARXX [ XXXX D XNNN | XXXX [ XXXN P XXXX | XXXX | XXXX | XXXX | XXXX
Chum Salmon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Smolt Passage ot Sttt e Setdiets St Sl Eert
Aduit Passage PINN | OXXXX | OXXXXN [ et S
Spawning PIXX XXXX [ 1
Incubation el it Sl Eritto St Hlstl et S S ot
Rearing et St L it
Caoho Salmon Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee
Smolt Passage et XXXX §OXXNX | XXXX | OXXXX | XXXX | 7977
Adult Passage 7 IPX T XXXX [ XXXX | XXXX | o i
Spawning EXXX | XXXX | ¢ kel
Incubation )OSR ID.9.9.9.¢ XEXX | XXXX | XXXX | 7 i XXX | XXAX T XXXX | XXXX
Rearing XXXX ARRN D XXRN ] XXXXN | XXXX ] XXXX | OXXNX POXXXN | XXXN | XXX | XXXX ] OXXNX
Rainbow Trout Jan Feb Mar Apr May Jun Jul Aug Sep Oci Nov Dec

Adul Passage | 2oxxx | ooexx D oooos [ooox | oooes | oo [ oo | oo L ook | oo [ x| oo




Spawning TINX EXARN [ XNXX
Incubation TINK D XNXXN [ XXXX P XXNNX [ ?
Rearing NENN ] XNXX AXXX P XXNN PNXXXY | OXXXX P XXXY D OXXXXY ] ONXXX | XNXX | XXXX | XXXX
Based upon professional judgment of ADF&G biologists
Smoh passage is for juvenile emigration Lo estuarine marine environment
Adult passage: for salmon is immigration; fur trout, char, and other species, immigration and emigration,
Incubation life phase includes time of cgg deposition o fty emergence
Data not available or timing is incomplete
Arclic Grayling Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Adult Passage XXX | XXXX D XXX | XNXX ] XXXX XXX P AXXX [ XXXXY P XXXX | XXXX it iy
Spawning NAXX | XXXX | XNXX
incubation AAXNX | XXXX | XXXX iy
Rearing NXXX | XXXX D XRXX ] XXXX | XXMM | XXX P RNXX ) ORXXX [ XXXX ] RXXXY ] XXXX ] XXX
Arctic Char Jun Feb Mar Apr Mav Jun Jul Aug Sep Oct Now Dec
Smolt Passage? R e} 200 R TR 7 e
Adult Passage e gty RIT yigd ik et e Y i e e et
Spawning * e e
Incubation 7 17 Frye S Riiss ot e )
Rearing # T e e et T ] Ry HhEH fictd ekl ot Tl
Dally Varden Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Smoh Passage? SRl o ekt B eey i EEe e
Aduh Passage XXX §ONXXN | OMAXNX JOXXXN [ ONXNXX | OXXXX |OXXXX POXXNX | OXXXXN PXXXX [ XXXX | XXXX
Spawning 22? detihits
Incubation ire' ] Rt 7 ey SR ety e
Rearing 7 AXXX | OXXXN | XXXX JOXXXN [ ONXXX |OXXXN | OXXXX | XXNN FOXXXX | XXXX | XXXX [ XXXX
Round Whitelish Jan Feb Mar Apr My Jun Jul Aug Sep Oct Nov Dee
Adull Passage AN |OXXXNX | NXXX ) XXX [ORXNX | OXXXN [ OXXXX | OXXXX FOXXXX | XXXX P OXXXXN [ XXXN
Spawning Vit il WAl
Incubation 7 e Ty Sl mn R deidield e
Rearing Liss) ity el 9 ey Gk e ikl el Sttt W i
Longnose Sucker Jan Feb Mar Apr My Jun Jul Aug Sep Oct Nov Dec
Adull Passage il e i S Lied) 2 IR XXXX [ XXNXX | XXXNX | e ety e
Spawning Frr PINN [ eem ety
Incubation ety Rl TY%E LCEe




Rearing | ] | P | e | Sy | Ee | il | S | ALy | S l i | Lol I SikitiH]
Arctic Lamprey Jan Feb Mar Apr May Jun Jul Aug Sep Oct Naov Dee
Adult Passape? Histed T Sekibie] Rkl uka ey bt HY i sy pottie SEH

Spawning 7 Elbcdrls ekl Hitedr
Incubation ? e ks St Tk
Rearing ? XXXX | XXXX | ONXXX LXXXX [ OXXNX [ XXXX | XXXX T XXXX | OXXXX ] OAXNXX | XXXXN [ XXXX
Based upon professional judgment of ADF&G biologists
Smolt passage is for juvenile emigration to estuarine marine environment
Adult passage: for salmon is immigration: for trout, char, and other specics, immigration and emigration.
Incubation life phase includes time of egg deposition to fiy emergence
= Data not available or timing is incomplete
Pypmy Whitelish Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Adult Passage S Gt it Bttt SRk
Spawning ? W ety et
Incubation 277? S Rkt bt Ll
Rearing LR i Shr Sl ki Sl Yt RRiciot fotetetis it S
Slimy Sculpin Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Adult Passage XXX P ANXX | XXXX | XXXX XXXX [ XXXX | XXNX | XXXN |XXXX | XXNXY §OAXXX | XXXX
Spawning XXXX XXX | XXXX
Incubation XXXX XXXX | XXXX | XXXX
Rearing XXX | XXXX | XXXX | XXXX XXX | XXXX | XXXX | XXXX | XXXX | XXXX | XXXX P XXXX

Based wpon professional judgment of ADF&G biologists

Smolt passage is for juvenile emigration to estuarine’marine environment

Adult passage: for salmaon is immigration: for trout. char, and other species, immigration and emigration,

Incubation life phase includes time of cgg deposition 1o fry emergence

? = Data not available or timing is incomplete




Appendix V

Daniel Schindler/Jack Stanford Testimony Letter with References



February 8. 2009
RE: Koktuli River nomination as an Outstunding National Resource Water
To: Trout Unlimited. Alaska

We are responding 1o your request for us 1o comment on the scientific rationale to
petition the Kokwli River for establishment as an Qutstanding National Resource Water,
The Koktuli is a major tributary of the Mulchatna River that. in turn. is one of the major
tributaries of the Nushagak River of Bristol Bay. This river network provides habitat for
one of the most diverse fish communities in Alaska. dominated by five species of
culwrally and economically valuable Pacific salmon. The Chinook (“king”™) salmon stock
in the Nushagak is one of the largest in the world and supports a huge sport and
commercial fishery. Nushagak sockeye salmon poputations contribute w0 the world's
largest sockeye fishery in Bristol Bay. Included in the Nushagak socheye population
complex is a relatively rare strain that does not rely on lakes as nursery habitats but rather
migrates directly to the marine environment (i.c.. river-ly pe sockeye). Pink salmon. chum
salmon. coho salmon. rainbow trout. arctic char. and arctic grayling are also extremely
abundant throughout the river network. It is arguable that the Nushagak River system
harbors one of the most hiodiverse and productive fish communities in Alaska.

The Koktuli River is a significant component of the vast Nushagak River watershed
based on its contributions to the hydrologic and geomarphic diversity of this system.
characteristics important for ecosystem functioning. Diverse geomorphic and hydrologic
attributes within river systems make them more resilient 10 changes in regional climatic
conditions. The complexity of river systems is maintained by the continuous erosional
processes that gencrate the mosaic of habitat types that characterize free-flowing rivers'.
Through time. this mosaic of habitat 1y pes shifis throughout the river basin as changes in
climatic conditions -alter ihe hydrology and. therefore. the erosional processes that
maintain river habiiat". Thus. human development of watersheds can alter the
productivity and diversity of rivers because the opportunities for the habitat mosaic to
shifi through space and time becomes increasingly constrained as more habitat is used for
humun purposes.

Healthy fish stocks are critically dependent on the shifting habitat mosaic of natural river
systems, Diverse habitat buifers fish populations from extreme climatic conditions
because this habitat diversity provides refuges 10 fish from the variety of climatic stresses
associated with warm summer temperature. fall flooding. winter freezing. eic.. that are
common to northern rivers. The invajuable sockese salmon fisheries of Bristol Bay have
been sustainuble or over a century largely because the habitat for sockeye salmon across
western Alaska has been maintained in near-pristine condition. and sockeve production
has been allowed to vary across space and time as the habitat mosaic used by sockeve
salmon has adapted in response to climate change®'. Indeed. as we look to the future and



think about the possible consequences ol ongoing climate change for salmon stocks. the
best action we can take now is 10 aggressiy ely protect the diverse network of salmon
habitats in Bristol Bay". The Koktwli River represents a Key component of this habitat
network and maintaining s currem water quality and quantily. without risking
degradation. is critical (o the integrity of the system. Establishing it as an Quisianding
National Resource Water is an imporiant first step towards protecting the invatuable
natural heritage of this region of Alaska,

Sincercly.

Sde

Dr. Daniel E. Schindler

I. Mason Keeler Professor of Aquatic and Fishery Sciences. University of Washingion
deschind '« u.washington.edu

200-616-6724

g

Dr, Jack A. Sanford

Jessie M. Bierman Professor of Leology. The University of Montana
Jack.stanford @ umoniana.cdu

406-982-3301 ext 236
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Plenary lecture

The shifting habitat mosaic of river ecosystems

LA Swnford, M. S. Lorang, and I, R, Hauer

Introduction

The essence of ecology 15 1w understand the distribu-
ton and obundanee of biota (Anprewakiua & Biren
1954). In the same vein. a cornerstone of ceology is
quantfying how and why vrganisms are dependent
on speeific biophysical spice (habitat) 1o complete
one stage or another i therr e cyeles (SoUTHWOOD
1977}, On the one hand, phenotypic plasticity pro-
mates successtul growth and reproduction in variable
habitats, but an ke other hand habitat Ndelity over
several 10 many generations may constrain (adapt)
the species or Hife stage 1o a habitat with quite specif-
ic sputial or funcuonal annbutes, Conservation bivl-
ogIsts sometimes refer to these locally adapted popu-
latiens with habiat-specific hie cycles as ecological-
fv sigmificant units, Such populations have been ac-
corded special proteenion und managemens if they are
rarc or declining in numbers, However, habitat intrin-
sically 15 not static, owing o constantly changing
successionad (or gradient) staies as landscape is me-
diated by nteracuve physieal (e.g. flood, droughr,
fire) and biological (e.g. discuse, predation, tnvasion)
drivers Thus. physical and biological auributes vary
in time and space und interact 1o detennine quantity
and qualuy of specific habitat per life stage. Suifi-
crent quality habita 15 required 1o permit a positive
ife nstory energy balance 1o sustein a population
over the long term. otherwise extinchion occurs
(Hazz et al. 1992). Particular spectes. and even par-
neular populations of species. euher adapt 1o the dy-
namie nuture of habitat or they Jail 1o persist in thi
landscape. Of course, a given landseape 1s composed
of n-dimensional gradicnts and species respunses,
and feedbacks are complex and nonlinear, making
habuat per hie stage of cach species in the landscape
very dithicalt 1w define. Nonetheless, gquantifying
habutat for species i very specific spatial and tempo-
ral terins is fundamental w conservation of biodiver-
sty world wide,

A uselul way to examine the problem ot defining
habatat per hie stage is 1o thuk of landseapes as be-
ing composed of habitat mosaics {Likins & Bor-
Many 19740 Indeed. Jandscape eealogy i theory and

practice attempis to define species {or population)
distributions. sbundunces and productiviny i contest
ol parches or mosaies of bophysical space used by
those species for populations). The dynamies of haba-
121 mesmics and species responses W then. including
complen  bophysical  feedbacks, perhaps is the
esseace of landscape ceology.

Hereln we exarmine nver ceosystems in this dy-
namic habitat context, We present a general typology
of floodphain structures or elemems as a basis for
habita dehneation. We argue that winle the elements
that define nvenne habitus wend to persist in nataral
river sysiems (and are constrained or ehmnated by
human alteranon). the distibution of the habum
patches (mosaies) changes spanally over time due 10
primary drivers, paricularly fleoding, channel avul-
sion, cut and 1ill alluviation {erosion and depoesiuon
of fine and coarse sediments), deposition of wood re-
cruitment and regencration of riparion vegelation

We call this phenomenon the shifting habitet mo-
sgicand argue it is a fundamental process antribuie of
river ccosystems, We propose that the rather wide ar-
ray of contemperary theories about river ccosysiem
structure and funcuun are substaptially waitled by
thinking of mver ecosysiems as a continuum of 3-di-
mensional shifting habiat mosaics from headwaters
10 the ocean.

Key words: river ecology, shifting habis mosas,
biodiversity, landseape ecology, nver networks

Ecological connectivity atong the river
corridor: the floodplain catena

The theors of river ceosystems has developed
from a longitudinal. stream-in-the-valley view,
to 8 dyvnamic three-dunensional construct that
interconneets the aguanie and rerresmal land-
scapes as eapanding and contracting mosaics of
habitar patches from headwaters (o the ocean
(Fig. 1). Whether viewed as @ continuum of
habitats { VANNOTE ¢t al 1980) or in vartous al-
ternative models a8 dvnamic channel networks

0368-0770/05/0029-0123 $ 3.50
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ldealized view of () the longitudinal distribution of flood plams and canyons {"'beads on a

string™ ) within & nver ecosystem from headwaters to the ocean and (b) the 3-D structure of atluvial the
flood pluins (beads ), emphasizing dvnamic longitudinal, lnteral and vertical dimensions and recruiiment
of wood debns The groups of arrows in {a) indiciue the expected strengih of ground- and surfacewater
exchange (verticat ). channel and flood plan (lateral) mteractions and upsirearn to downstweam or lengi-
tuchnal (horizontal)connectivity in the contextof (b). The floodplain landscape contains a sute of struc-
tures (Fig.2) produced by she fegacy of cut und Hil] allos kiton as influenced by position within the nat-
urasi-cultural seiting ol the catchment, The hyporheic zone 1s defined by penetration of nver water into
the alluvium and may mix with phreatic ground water from hillslope or ather aquifers not direetly
recharged by the river. Aluvind aquifers usually hive complex bod sediments with inmterstiual 7ones of
preferential groundwater low (paleochannes = see text). Moditied fronms Sraneonn (19981, Waan et al

(20012).

{Brpa ot al, 2004y or discrete patchworks
PooLe 2002), over ccosyvsiems are undeniably
corridars composed of highland 10 lowiand
landscapes in which the swength of conneeina-
v between the main channel and the terresirial
environment varies in relmion to hydrogesmor-
phuc controls on downstream fux of water and
matertals (dissolved and particulate matter),
Organismis are distributed along this cornidor
in complex and ofien seasonally dvnemic pat-
terms related to Hife history encrgetics, moving
Trom one habuat patch to another as may be ad-
vantageous for successtul reproduction. For ox-
ample. satmon migrate into nver svstems to
spawn, often with grear fidelity to specific lo-
cations, such as groundwater cffluent arcas.
However, juventle silmon miy rear Far from the
natzl stees. such as in shattow water nurseres

povided by shorelime. backwater or sprng
channel areas of floud plains. Entramment of
neonates of fish and other species i low yvefoe-
ity patches, where they can grow into strong
swimmers of crawlers able 1o deal with the vo-
ganes of water flow i the main channels. 15 a
fundamental. but too often overlooked. aspect
of nver und stream ecolopy . Moreover, geomor-
phic barmers may constrain movement or 1so-
late species. producing vanazsion m o trophic
(food web) relistians adding further complexity
o blone patterns and iteractions {HERSGEY ¢t
al. 1999y Issues of scale can complicate mat-
ers even more Species OF ¢ven ageregattons ol
species may live continuously i habitats the
size of a rock or log in o stream. whereas. the
salmon Fe histony ecosvstem includes entire
river systems for spawning and rearing, estar-
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s for adapting w salt waer and o large portion
of the ocean for maturmion. Thus, habatat must
be viewed hierarchically (Frussiri ¢ al, 1980)
and ina B History contest.

Our geosystem view n Pig, bois dependent on
interactions winong dynamic. nonfinear physi-
cal and biotogical processes linking water, heat
and materials (hiota, sediment. plani-growth
nuinents) {lux and reention o uvialb land-
scape (riverseape) change {see also Favson et
al, 20023, In this context certam physical attrib-
utes or clements of “riverseapes™ are evident,
The main channel and @ts side channels and
side armis are interconnected by the parailusial
(the arca of the flood plain thin 15 annually

scanred by louding) ind hyporheic (volume of

the alluvial aguiler fed by penetration ol river
water) zones in three dimensions, The paraflu-
vial is the erosional domain, whereas, the or-
thofluvial is the depositionnd domain of the
Howd plain in terms of sediment mass balanee,

wlthough locatized areas of eroston and deposi-
Hon My ocelr across the entire catena. Indeed,
channe! nugration and or avuoision (somctines
aalled  channel capre) 15 o fundimental
process hat increases complexaity and in braid-
el unastomosing  or meandering  svstoms
(Liopory et al, 1992 leads 1o ereauon of an ar-
ray of chamnels of different age. The parathivial
sone clearly s o haesh eovivonment that on one
hind funits vegelation encroachment by Mood
seour, but on the other hand provides the sub-
strtum condinens that stimudite seedlings off
riparn forests w0 germmate, allowing sueges-
sion o evenluate. The seedlings will persist on-
Iy 1 scour locally abates and they can grow {usi
enough to toot in justaposition with the annual
maximum and minimum water tible clevations
of the afluvial aquifer. Too dry or too wet for
too long and they cannot survive (Roon & Ma-
HoNey 19901, Onee a pole stand (e, of juve-
nile cottonwounds) has established on a gravel

FLOOD PLAIN- entire vatley-boltom area that 1s capable of floodmg, inciunig the channe! network

Parafl,uq[al £atena — recently reworked by bankfull tiootmg, usually with dnft wood theoughoul

Permanontly connected channels (supotaman}- pnmary. secandary . tattinry channels wath
characierisic fontures, such as thalwey, rapids, shules, nifles. pogls, runs . gides. lilouts,
shaligyy shotshnes chivme] separation nedes. channal confluene. zones, backwilers o sige-ams
Paralluvial zone - arco of prnual Sedument scour and deposition by Moods and vt
with early successional nipariog vegetation
tiqpd channels - sebsonally connecled cverfiows
1slanuds - rd-channel areas ol sediment accration, often medialed by wopd
barg amngd levites - elevaied acoretion fentures
gpring brooks {parapotamany - channehzed flows of emergent hypottiec ground water in flood channels
pongs or_scoul holes (plesiopioloman) - perched surface water or emerpent hyporheic ground waler
Tributary channels - permanent of Seasonally disconnected side flows

Orthofluvial catena - reworked anly by big floods or sSe pams but freqtenly mundatad . usually vatn

Increasingly terrestrial

Penheic habitals

ovet Lk Sediment geposts drdl wood antd & npanan vegetation mosse of aje-segrepated paiches
Active accretion arcas - rapdtly eniarging  with vanable bul mainly weli-Graned. tin, orgamc-poor or
vargnle soils assocated vath and interflevial ndge and swale microtopography, may be
mssected by flood channels that may conien Spang brooks, scow pools and other parafluvial fealures
gCrolied (point) bars - continual lateral accretkon, usually with woody vegelation precisefy age-segrogated
shelves of jecel ongin - contitual Besrehon. semetimes by dntt wiod mediated island agyregalion. may
hive spng brooks ponds. marshes (pateopolomon) in swales and depressions of abandoned channels
and usunlly dommiated by md-late sutcessonal nparian forests or wol meadows.
Passive aceretion aroas — siowly enlarging vath teeper orgamcally enfiched soils associatatt with
swale and rxige micro-lopography
sholves of pngent pogin - slew accretion assecated wih extrame floading o lale successionat {gallery!
fipanan fprests. may hove spong brooks | oxbBows pang. ipkes . billpbpngs . marshes, bogs
of muskeqs {peleopolomony in swoles and depresswons associated walh graduat lopographic chanyes
resulting from sedimantation and erganic filing of long abandoned, ancent channsls
finodpipin:temace transiion 2ono - mixed upland and floodplain vepetation, often with spring
brogks or wet lands m wall basad food channels

TERRACES - inoent flood plains disconnecieat from the active Noogplain systens by mcssion pid no longe:
smuktaled by floods dommated by terrastial viegetaion

HILL SLOPES (VALLEY WALLS) - terrestuni twt imay e substantally ifluenced by nucrocimatc

sflcnces of the Faadpler oy have stope wet lands fom wath desjunctive Soodplan vegetabon

P 20 Linked strnctural (habitun elements of foodplam rver landseapes. Channel and Noodpluin ele-
ments overlap spatiadly and imeraet wemporally but yme frimes defler imong rivers, Periheic babitats are
Lnterad akes and ponds el by ground swater that oceur on the Nood pluns of large tropical rmvers as de-
seribed by MR s (1997}
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bar, 1 becomes i trap for sedimems and organ-
womatter by greatly decreasing flows compe-
tenee. thereby graduably buitding up and form-
my depostional shelves allowmg o matare
gallery forest to develop over the long term,
Channel avalsion can resulbt i Large areas of the
paraflinial sone bemg removed [rom il
seollr provesses, setting the stage for a deposi-

nonal process shift that wens the suie off

parafluvial teatures (Fig. 21 into a deposiional
shell Many variations on this general theme
may ocenur (OURNELD et all 2002). Moreover,

the evolution ol recruiiment requirements ol

cottonwouds and other wee species ol mver -
parta s but one ol many cases of biotic adapta-
ton o disturbance that eventually leids 1w de-
mpendence on certain dymiomie habitat coni-
s, Sinee Tabita shape and location change
m relaiion to changes m the system staie, or-
ganisms must lave the capacity to Find them,

feoh Tnrconar, Yerein, Linted 29

The hvdrography, that is. the dranmsge net-
work and its fTow pattern, is an obviously fun-
dametital sy stem attribuie, Headwater channels
drain small catehments andfor originate from
melung snowliclds or gliciers or as portals
from aquifers embedded in the massils ol the
river bastn (Fig, Tr Flow varies with precipita-
tion or snow, amd e melt and flow patterns
may e long felimatic) and short {seasonal or
eventt term periodicities or Tood pulses thin
mediate the dynamie nuture of river ecosy stems
thusk et al, 19S9). Channel confluences huild
larger streams that transport progressively mose
water and materials downsteeanm. Mass wisting
in the steep gridient reaches provides sediment
loads. Aggradation facilitiaes  sedimentation
and {Toodplain development, with pranary con-
wollers: being climate, valley morphomcetn.
drift wood plang siccession and water and sad-
imem hudgets.

Fre 3 1 snples of river lindscapes i which floadplain elements vy G tailow-raprd-poal-cddy se-
quenve assochted with o point bar and vegetation chronmsequences from carly suceessional stages i the
paraflusal zone o the gallers torest of red alder ¢ Hies rubray and Sithae sproce (Mcca strchonasy on
an orthetluy ia! shelf afong an Oregon coastal steeam, Fenmile Creek (Lane County iz thy asimilar seen
ot w prateie reach of the Two Medicine River, Montima (Glacier Countyi but with plinns cononwood
(Popashes delroidesy as the primary gallery species o the orthollus fal sheli? tepa montme canyen reach
of the Gunmson River, Colondo (Monrose Countye with exirenmely compressed tloodplam dlements;
and 1y Krotogorova River. kamehatka, Russian Federanion, an St order viver with o comples channel
network and age chronvseguences of conomwond 1Pl staveolens ), willow (Chosenia arbutitoliv)
and alder s <poy trees arraved across the Skm wide Moodplam catena.
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Fig 4. Satellite multi-speetral image of the Nvack Flood Plain of the Middle Fluthead River, Montang
(L'SA). showing the labitat mosiie in late summer, 2004, Inset enlarges the floadplain catena deseribed
i kg 2. although in this case the orthofluvial gallery forest has been partially cleared for hay farming,
Daa on the left demonstrate the gradual riparian reforestation of the parafluvial zene after the flood of
record in 1964, Water mass balance data on the right (mean discharge. Q. in m*see. s = 0.05 - 0.30 per
site) were obtained synoptically with an acoustic Doppler depth and veloeity profiler during a base tlow
pertod and show longitudinal change in down-welling (red) and up-welling tgreen). Percent change
refurs 1o Q measured in the channel at each river site relative t Q at the top of the Bood plain {river i)
and equals zero (Qin = Qout) at the bottom of the Tovd plain (river out) when tributary low is includ-
ed inthe accounting (refer to 1ex1 for more explanation).

Biophvsical complexity inereases with ilood-
plain development; therefore, Jocation und com-
plexity of floed plains in the river corridor also
are fundamental svstem antributes that compli-
ment and interact with the svstem-wide influ-
ence ol the stream network, In theory. the most
complex flood plains are expected in the middle
or predmont reaches where lateral dispersion of
masiumum stream power may be expected, b
this hus not been documenied clearly, Moreover,
some minimum geomorphic unit 1o systemati-
callv classify and link reaches. segments and the
geomorphic donmains in Fig. | is required for
such an amalysis, However. all rivers are alluvial
o some extent, and their flood plains elearly ure
retention structures having charcteristic habitat
clements or units that are linked as a catena

{Fig.2). By virlue of this natuesl tendency of
rivers to carry sediments, wood and other mate-
rials downstream in spiraling fashion (alternate-
Iy storing and exporting water and materials in
relation 1o system drivers deseribed above), all
vivers and all river reaches hane some of these ol
cments (¢, s in Fig. 3

Habitat mosaics: formative processes
on the Nvack Flood Plain

Our research 1s focused on the montane Nyack
Flood Plain in the middie Rocky Mountaing of
North America (Fig. 43 This much-studied svs-
tem on the 3% order Middle Fork of the Flat-
head River in northwestern Montana (USA}Y at
the southern boundary of Glacier National Park
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has been fully instrumented, including a dense
network ol groundwitter monitoring wells, 1o
document and model waner, heat and nutrienm
lux and influences on biotie  productivi

above and below ground i the context of

Fig, Ib. These studies tocus on floodplain bio-
complexiiy, with current emphasis on 3-D

process modeling and the sucrobial ceology of

the mitssive hyporheic zone (wwwaumtedu
fibs Research Biocomplesity himy,. We  use
satellite and wirborie remote sensing tools, cal-
ibrated by on the ground measures, w docu-
ment distribution and abundance of many habi-
tat attributes (Fig, 29 ina spatially explici fish-
ion over time. The work is i progress but some
conclusions are germane 10 a general deserip-
ton of the causes and conseguences of the
shifung habitat mosaic in @ river ceosystem
voniext.

Cut and Il attuviation coupled with channel
avulsion driven by Nooding and maderated by
dnflwood deposition and woody  vegettion
stccession are the primary habitat forming
processes. Note in Fig. 4 the parathuvial zone

changes area in relation to the intensity of

4

Nooding. Far more (=24 %4) of the food plaim is
vegetated today than 54 vears ago because na-
thve woody vegetation has colonized the arcas
scoured during big flood vears. Such osciila-

nons in the riverscape undersceore the utihity of

the shifting habitat mosaic in describimg the
patterns of biotic responses 1o cut and 111 allu-
vion,

Obviously the arca. depth and velocity in the
suite of habitat elements in permanently ¢on-
nected channels (e rille-poul-giide-tmlous;
Fig, 2y also change size and character in rela-
von o discharge pattern, But whist is not so ob-
viots. ind too often overlooked ina river man-

agement contest, is the substantial influence ol

surfuce and ground  water exchange on the
character (habitabilty) of these structures.
indeed. tlux of water through the alluvial
aguiter is another  fundamental — riverscape
forming process. At Nyvack. the alluvial aguiter
extends from valley wall 10 valley wall owing
to the characieristics of the bed sediments that
are over 130 deep at the upstream end. Flow
through the aquifer at the Hoodplam scale (ul-
lows the slope of the valley, Trom Tower right 10

upper leltin g 4 There is o bedrock basement
with lavers of increasing hydraulic conducus -
v ubove, Surfaee lavers derive from the legacy
of fluvial activity over perhaps the last 3000
years or more, sinee the last valley glacier meli-
ed. River water penetrates the alluvium and re-
twrns 1o the river in a longitudinal patiern
(Fig. 4, Water loss rate from the channel is rap-
i over short spatial scales as shown by the da
tain Fig.d and corroborated by piczometer sur-
vevs that docomented steep vertical hvdraulic
gradients in localities denoted by red slashes
Fig.4. Unsaturated vertical tlow Das been re-
peatedly documented at the upstream end of the
food plain when the river approaches mimi-
mum discharge. This means that during pertods
of fow river discharge the water table is much
deeper than the river chimmel al the upstream
end of the lood plain. and therefore river water
deseends as punicle boundary Now vertically i
proportion to the hydrautic conductivity ol the
sediments. The river would dev up at the sur-
face for some distance il flow was reduced be-
low the threshold where the vertical hydraulic
gradient exceeds the longitudinal (in-¢channel)
hvdraulic gradiem, Surface flow would resume
at some point downstream where the river
channe! and water table clevations intersect.
Dewatering of the river by total oss of surface
flow into the alluvium does not oceur at Nyvack.,
but has been observed clsewhere m the catch-
ment where in-channel deposits of cobbic and
gravel are quite extensive refative 1o hase flow
This phenomenon, ol course, oceurs in rners
world wide. especially in arid arcas where
runotl s episodic and release from storage m
Noodplam alluvial aguifers maintains im-chan-
nel flow,

Flux of water in and out of the aguiler at Ny-
ack is controlled by river Now. the slope of 1he
flood plain and local hydraulic conductivity ot
the bed sedimems, In consequence. the river
loses and gaing water kongitudinally ina com-
plex pattern that balances near bedrock canvon
at the downstream end ot the Hood plain
(Fig. 4. Presence and persistence of water
the surlace depends on depith of scour durng
flooding and the elevation of the water tahle as
discharge declines from peak 10 base Tows
Water emerges into abandoned floud channels
as spring brooks o fluxes throngh scour holes,
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less sorted
alluvium

“pea” gravel

gravel - cobble r '

very high hydraulic
conductance

less sorted
alluvium

Meiofauna
large protists
Troglochaetis sp.
bathynellids
copepods

Stygobionts
Stygobromus spp.
other amphipoda
Asellus sp.

Amphibionts
Paraperia 2spp.
Katrhoperia 1sp
Isocapnig Bspp.
many benthic
specles in early lifa
stages

Fig 3. Typicul physical structuee and primary fauna of the zones of preferential flow thuried paleochan
nels see Fig, V) within the alluvial aquifers of gravel-bed rivers, in this case trom the Nyack Flood Platn
iphote by 13, Reid Flathead Lake Biological Stion. Polson, Montana).

creating a patcimork or mosiie of aquitic habi-
1ats that may be scasonally ephemeral or persisi
through the base flow period depending on fo-
sl sopography.

Likewise. o habitai mosaic exists in the sub.
surtace owmyg 1o the difierential sorting of the
bed sediments as they are deposited over the
mthew. Based on slug tests, tricer movement
and other measures of hydraulic conductivity in
the well grid a1 Nyack, we have documented
et zones of preferential fTow exist throughow
the aquiter. We ortginally conceived these as
the lenses ot highly sorted remnants of the thal-
wegs ol ancient channels (e, paleochannels in
Fig. 1) buried by deeades of alluvimion. Pale-
ochannels wre very evident as ridge (bank) and
swale (thalweg) topography of the orthetluvial
shehves, and wells drilled o swiles areas al-
most unilormly have higher hydraulic conduc-
tviny than adpcent areas. Other researchers
has ¢ noted the tendeney for channe! backfilling
i graselk-bed rivers to assume a bimodad parti-
cle size distributon, with the coarse material
betng  the more  hydraulically  conductive
CHUGGESIERGER et al. JOUR),

We have observed the structure of zones of

preferential flow i cwt banks (Fig. 3 and 6a)
and ot vanous elevations inowells cased with

clear plastic, allowing vs to video tape the ver-
tical distribution ol sediment size as well as
dye-tracer entry pauerns. Certindy the well
drilling process aliers the notural character of
the bed sediments to some extent. but this s
minimized by use of a geoprobe that vibrates
the casing inia the bed sediments, as opposed to
an auger-tvpe drill In any case. large interstices
must exist throughout the aquiter because
large-bodied  vrganisms including o several
species of stoneflies (Plecoptern) and am-
phipods (Crustacea) are routinely presens m
well samples and are the 1op consumers m o
complex ground-winer tood web contining
some S0ometasoan specics (STaNtorn el al,
1994, Case 1993), The food web is powered In
cpilithic microbial productton {Fouis et al
1998). Presence of abundant biota in averine
alluvial aquifers 1s well documenied mt Nyuck
and clsewhere in the Flathead Rever svstem,
and in muny other rivers worldwide, and pres-
ents tascinating ecological implications {Wakn
et al. 199Ny,

We have been unable. however, to demon-
strate connectivity of zones ol preferential flow
{v.g. i o network content) bevond the fact that
large-bodied groundwitter organisms are Tound
throughout the aguiter system. apparently able
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Fig 6o Aquatic habitats of Nvach Tlood Phain: (ap paraluvial spring brooks emerging from a lmeral bar
{rnver is in backgrownd) in o flood channe! adjocent 10 an eroding orthotlas ial shell with o gallers e
wawood (Popudus halsamitera spp. arichocarpay and spruce (Picea cngelmannin torest; (b) Large o
tholluvial spring brook: ¢y orthofluvial spring hrook with beiver dams: and (dy ovthofTuvial pond and
marsh i an anciens chianoel within the gallery ores,

to move from place w place with case, hoap-
pears the vones ol preferential fow. while
much ke grvel-fiflad pipes (Fig, ). are more
imtricite than we previously thought, and we
Lave no firm endersinding of how the high hy-
dravtic conductivity is mantained given the
volume of fine sediments and organic matier in
the system. We speculine this subsarface habi-
tal mosiie s mantained, 1 not ereated, by o
combination ol hiotwrbaton by the Lirge organ-
stus lving in the usterstital space and o phvsi-
cal process known as sapping {low or seepage
crosion (ScliioraGrorfer et ab, 2004), However,
large organism abundinee is low relaive 1o
aquiter volinme: bioturbation. therelore, seems
A bt of astretch. As for sapping Now. our jdea

Is i higher heid pressures oceur in zones ol

welb-sorted  alluvium,  ereating enough ow
competenee Tor fine partieles to move down-
aradient w surfice portals (spring heids) and
lenee out of the aquiler. leaving progressively

Lrger terstitial spaces behind. This hypothe-
sis i not cansistent with the lieratare on seep-
age erosion, however. and much remains to be
learned. Tnany case, it is safe o say that zones
of preferemial flow delineate o subsorlace
shifting habitat mosaic because we know they
are present throughout the near surliee bad
sediments at teast and these deposits are con-
stantly moved and reshaped by eut and G allu-
vintion that mediates grinel bar migration and
chimmel avitlsions,

Shifting habitat mosaics and
distribution of biota at Nvack

The consequence of strong lteral and vertical
forces i the 1loud plain is the formation and
nunnmenanee of the shifiing habiag mosaie,
Many habitt tvpes are readily apparent (Figs. 6
and 7r Cur banks reveal vertical chronose-
quences on the shelves (Figta). with the vipie-
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Pre. 7 Paraflusial ponds on the Nyvaek Flood Plain: () cobble-bottom scour pool with high groundsii-
ter fhuxs thy seour pool, back-filled with fine sediments, resulting in relatively Tower groundwater (s
compared 1o Pond A Arrow points 1o an aggregation of boreal tad { Bufes boreus) tadpoles in warm shal-

lows of Pond B,

wn thizosphere embedded in silty. sandy sotls
onurthofluvial shehves, underlain by grinel and
cobble strata, Availabifity of groundwater 1o the

rhizosphere depends on elevation of the shelt’

relative 1o the seasonally changing water table,
and the pattern oy be aliered by channel
degmdation. 1ligher elevation shelves (relative
twr the stream channel network ) and arcas at the
wp of the ood plain can be very dey. whereas
swales in the mid- and lower reaches of the
flood plain can be permanently saturated, there-
by greatly influencing plant assemblages and
associated species at the Noodplain scale.
Spring brooks are warm in the winter and
coul in the summer relatve o the channel
tFig. 8y and as influenced by the length of the
groundwater flow path that feeds them. The
tonger the ground water flow path the greaer
the moderation of the annual wemperiture pat-
tern toward the mwean annual air lemperture
{6 C m Nvack: note the spring head wempera-
tures in Fig. 8 are uniformly cold but the spring
brook warms duw nstream during the dav) Rin-
of wiler nuy penetrale a grinel bar and
reemerge down slope in oo flood  chanpel

(Fig. 6a) with hicat and ion content similar to the
river. Thus upwelling ground water mav be on-
lv hours or dayvs in the alluviom (voung). but in
other areas, emerging ground water min be
much older and substantially more loaded with
1ons than water in the siver channel. Ofien.
these more moderated spring heads occur i
deeply scoured channels below cut banks of the
orthofluvial shelves (Fig.6m. Spring brooks
generallv reflect more stuble conditions than
the chamnel: lower selocity ows, moderated
temperaures and clevated plant avatlable mur-
ents owing to microbial metabolism ol organic
matter in the aquifer.

Side channels and Hoodplain spring brooks
may be substantially modified by Targe am-
mals, particularly beavers  (Fig.6c). whose
dims aceelerate water and sediment retention
andl aler vegeiation paterns. Hippos and croc-
adifes, Tor example. function similardy 10 tropi-
citl systems (Naisas JO8E).

Scour holes created by Hooding (Figs. 7and 9)
provide lentic habiats embedded ina predon-
nately fotic ccosvsiem. in the parafluvial zone.
these ponds muy be re-scoured annually or more
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Fig 8. Dl wmpermure
palterns  lor vanous
aquatic habitats during a
hot summer day on the
Nyviack Flood Plain, R
er-in refers to the nuun
channel at the upstrean
end of the Rood plain,
whereas, river-ont sl
the dewnstreant end (see
Frg.4) Ponds and spring
brooks also are as in
[RTEN

Fie Y Thgh resolution (5 % 5 am m opixehy dignal image obtained from arerft of o reach ol the Naack
Fleod Plain showing orthefluvial ¢OSBY and paratlovial (PSB)Y sprimg brooks, paratluvial pomds (PP
drift wood aetively growing segetation patches, channel substratum geadients and other floodpliin char-
acters (sec Fig, 23 1 the punels on the right, water depth and velociin were mapped ustng a spatially ox-
phcit GIS prsel classification derived Trom ground truth inlormation obained with wonsited seoustic
Doppler scelocity and depth profiler Tinked oo survey grade glohal positioning sy stem Classifieation
accuracy was T0% with 0.5me resolution (W oo et al, 20031 Arrow mdicates a beaver dam than re-
duced seloeity and inereased depth of the spring brook tsame SH oceurs it the wop of the insct i Fig,4)

often by flooding. thereby preventing coloniza-
ton by rooted plants, and in many cases provid-
ing litle or no hiding cover for organisms
Nonetheless, parafluviad ponds are inhabitated
by over 100 species i ertebrates, three amphib-

iins und several Tish species. including imasie
brook trout that are able to competitively exclude
mative trout (Concorr 20041 Ponds ofien are
more marsh-like (Fig, 6dy, and i time become
wetlands in the depostiiopal environment ol the
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orthoNuvial. Thus, loodplinn ponds and wet-
Eands are important habitat tvpes that allow col-
onization by organisms not usually viewed as
riverine, substantizglly inereasing biodiversity of’
the river corridor. Pond temiperatures viiry with
vidume, canopy ¢cover and groundwater {lux
rutes summer and winter temperature stratiffica-
tiop 15 usuml (CILC o 2004),

We are able to precisely measure habital us-
my i combination of remole sensing tools, ine
cluding muli and hyperspectral sensors, in-
frared sensors and high resolution digital pho-
wgraphy. Spectral and. more reeently. digital
imagery provide effective chssification of key
aquatic habitn vartables such as plant cover,
substratuny type, wood debris and water depth
and velocity (Lorana ot al. 2003). whereps,
remperature patierns can be obtwined with in-
fraved sensors, In Fig. 9. the habitat mosaic of 2
portion of the Nvack Flood Plain is clearly ap-
pareit in u high resolution digital image with
cuough pixel contrast w allow accurate classi-
Nication ol water depth and selocity, At this lo-
cation the river channel sirikes the hill slope,
incrensing the local velochy and eroding sedi-
maeins o ereate o deep pood below @ rapid. Dur-
ing tlooding. obstruction of the channel by the
hill slope reduces veloeity ol the upstream
reach, allowing substantial alluviation and the
formation of a huge transverse grave] bar with
a variety of habitat types and various siages of
plant succession, in some places mediated by
deposition of deilt wood. Note the repeating
chronosequences of channel habitat (rapid, rif-
e, pool, ghde and ailout) and associated dif-
feremtial sorting ol bed sediments, These habi-
tut elements shift in position and character as
discharge and associnted stream power changes
m short tdailyv-seasonal) 0 long  (annual-
deciudaly time steps,

High resolution imagery data can be used 1o
help explain complex distributions of biota de-
wermined on the ground. For example. juvenile
fish abundance is 2X and 10X higher respec-
tively in the orthofluvial and parafluvial spring
brooks than in simitar depth arcas of main
channel areas. owing Lo lower velocities, better
lood resources and beter hiding cover in the
spring brooks (M, Anderson. Flathead Lake Bi-
ological Station. unpublished datay),

Tad
M

pury — [ [\ [
[=] [+,] (=] h [=]
: Ll

Chlorophyll a (;zgl’mz}

w

=]
v

-3 -2 -1 0 1 2
Downwelling Upwelling
Vertical Hydraulic Gradient

Fig. 1. Standing crop biomass of periphyton dur-
ing Tute summer on rocks of channel and spring-
brook habiats in relation w vertical hydrauhie gra-
dient, where posiive and negative values show rel-
ative strength of ground water upwelling or down-
welling respectively at cach samphing site on the
Nyuack FFlood Plam, Dinmonds are sites in the maun
channel; whereas, x mdicates values {or snes i
paratius il spring brooks,

Across the flood plain we consistently ob-
serve strong biolic responses o groundwaler
upwelling (aguifer effluent) in contrast 1o the
downwelling (aguifer intluent) arcas. Periphy-
ton blooms oceur in relition o higher dissolved
solids content in spring brooks and gaining
reaches of the channel (Fig. 10). Greater stabil-
ity of substratum and emperatures in spring
brooks may also promote periphyton growth,
Benthos species compositions m spring brooks
difter from channel assemblages, and stunding
crop biomass 15 often much higher (Cast
1993). In response to greater food resources.
growth rates of some aquatic inseets are signif-
icamly greater in groundwater efiluent areas of
the main channel than in losing reaches (Pipis
& Haver 2002). Growth ol cottonwood trees
and leat nitrogen content (relatne 10 carbon) 18
significantly higher in the regronal apweliing
arcias of the downstream quarter of the flood
plain compared to the strongly mlluent areas i
the upstream end (Harnir & Seasiorn 2003),

The Nyvack Flood Plain s a odiversity hot
spot. Over SO0 species of aquatic macromyerte-
brates hine been documented. and some habi-
1a1s have not heen inventoried. All but one of
the 12 pative fishes and most of the commuonly
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species Richness

Downwelling Upwelling
Fig. Ll Comparitive species richness of viscular
plants i 100 M7 plots on paratluvial gravel bars
tsuppled. n = 30 plotsh in cottanwood pole stands
on parafluvial shelbves (slashed. o= 60) and in
gallery forests on orthofluy il shelves (harred. n
63) I regsonal arcas where river water was cither
miuent mto (downwelling) or efftuent from (up-
wellingy the alluvial aguiter of the Nvack Flood
Plon. Daw from Movw (2001

occurning wildlife species in the Flathead
Basin-Glacier National Park arca, including
grizzly bears (LUrsus arcrov) and  mountain
goats {{reammoys americanuy), are occasional
or permiment residents, and the Rood plain is a
primary regional wintering and calving area for
b (Cervas elapling nelsonn), Sixty cight per-
cent ol the regional vascular Hor is found at
Nvack (Mot w & Aranack 2003). a plant rich-
ness coberent with the flood disturbance and
groundwater-{lux dominnes of the Toad plain
(g, F1). We mtribute the notably rich species
assemblages to the diversity of niches associat-
ed with the shifting habstar mosaic and strong
Imkages between aquatic and terrestrial habi-
tals above and below ground,

Conclusion: importance of the shifting
hibitat mosaic

The central tenet of our work is than dy namie. nonlin-
car phivsical amd biological processes hnking water,
Deat and inaterials thiota, sediment, plant-growth nu-
trents) flux and retention 1o Tuviak andscape change
maximize on the Nood plains of river ccosystems,
The kev processes driving Hile esceles of biota, ther

prosluctivies and other blogeocheimical paterns and
eveles imelude fivod-caused scour and sedimentation
teun and G alloviation), routing of river water and
nutrients above and below grownd. channel move-
ment Gvelsion) and production and entrainment of
large wood  Ciround water routing through grined
bars and flood plain aguifers and upwelling back 1o
the surfice itvolves penetration of river water into
zones of ligh hvdrhie conductivity within the bed
sediments that are cremied by channe) scour and sub-
sequent filling with sorted gravel and cobbles. Strong
mteractions between  short-duration, high stream-
power Moods, chamwel and sediment movenent. in-
creased ronghness doe to presence of vegetition and
dead wood wnd upwelling ef ground water coupled
with nparn regencraton ereates a comples, dyvaam-
ic distribution of resource patches and associated
biota. the shitting habitat moswic (M), Emergem
properties of large flond plains derive from encrgy
dispersion and materials retemtion and cycling. as
woderated by external drivers (e.p. marine derived
organic matter, muisive species. flow reguliation), We
believe the SHM is the proximate emergent property
of river ceasystems that underscores the fimportamee
of fleod plains, arrayed like beads on a string from
headwaters w the ocean, as primary orpanizing vle-
wents ol the regional landseape in which the river
tietwork is embedded

Our idens about niver biocomplexity in the context
of the SHM and tts osversa? applicability perhaps
ity be biased by our long-term locus on the Nyack
Flond Plain and the Flathead River system. More-
over. we have not clearly shown that the processes
driving the SHM ar Nvack, a momtane Nood plain.
ocenr in the same ways and with sinular ooteomes
throughout the stream corndor gas i Fig. D). High el
evaton or meandering coastal Good plains may Jifler
in process, abthough doubtless the SHM is presemt in
some form. The importanee of the SHM also may
ditter i rivers that receive substantial marnine or oth-
er maural nutrient subsidies. for example  from
silmon runs.,

Therelore, in cooperation with o large maltidisei-
plinary and multimuiona wam, we hinve established
a netwark of observittors river ccosvsioms in wesiern
North-Amenca amd the Rossian Far Bast to examine
Mood plan processes more synthetically, These are
amuong the most pristine salmen rivers of the Pacilic
Rim. The species compasition and hiomass ol return-
ing salmen vary among the rivers. as does the
arrangement of flood plains within the streawm nel-
work. A standardized cross-site sampling protoco!
has been implemented to allow the water, sediment
and nuirient flus duta and process iadeling outputs
developed at Nvack to be compared and contrasted
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avross the network. We view Nvack and the Flathead
suslem s the control in a naursl experiment, with
drography and marme nutrienm subsidy as the trem-
mwets mong networh river ecosystems, The SHAL
and associated te Iostory diversine of sadmon and
ather kevstone biota are the primary response vari-
ables. Thas long-ternn cenlomical research is called the
Salmonid Rivers Observators Network (www.umt.
edu biology 'ths Research SaRON.itm). Our prelim-
mary results strongly support the conclusions and
wader applicabaliy of the Nvack studies

As osual e ecological studies, we have focused
concepurlly on amunal, non-anthropogenic process-
es s mlenicnons. But, of course humans have
prossly madified moest river corridors with dams,
revetments and water diversions, creating discoming-
wres that have churaeleristic recovery (njectories de-
pendimg on the scope of the alternation {(Wakn &
STANFORD 1995) Inundation of 1Teod  plains by
dimning the canvons downstream s i universal
practice that clearly s effective for food contral and
Lwilitates the plethora of water nmagement objec-
tves assoctated  with st régulation, Natural
ceusystem sirocture ind [unction s substantialty al-
tered by flow regulation and human encroachments
on many Nood plais downstream from water storge
dims (Stastomn et al. 1996, Pove ey al. 1997), TFor
example. discharge pattern in the viver showa in Fig.
3¢ is repulated by dums upstrenm, and the eflects of
lost flow seasonalisy are apparent. The ribbons of
grasses and deciduons trees Gappearing brown due to
wimer seneseence i this photoy filling the com-
pressed parafluvial zone between the channel and
historie maximum lood elevation (ndicated by line-
al bonder of hillslope juniper teees, drinperay seopu-
foraar) on both sides of the river did not existn the
pre-regulinion condition owing to extreme oo
scour. fmaston of non-native plants and senescence
of natsve riparian trees is a pervasive and well-dogu-
mented impact of fow regulation (Roon & Mo
NS 99O Topissos 2002,

Owing o human domination ot viver corndors
worldwide, altuviad food plains are among 1he most
endangered landscapes on earth Flocksir & Sian.
gt 2002), which has alarming implications for the
tong-term integrity of fresh waters. The chatlenge s
to leverage better conservation and restoration pric-
tiees from the robust energing view of natural rivers
as rversecapes compaosed of shifting mosaics of habi-
tat patches (havsei et al, 20000 Tavre et al. 2003
New tooks such as high resolulion imagery from re-
male sensimg and Bigh speed computations w ereme
user-friendiy visunlizations o the SHAM and predict-
ed vmcomes of restoration scenarios should empow -
er this more sy nthetic view of rivers for ponscientisis

-
T

The goal is o restore lost biodiversiy, bioproducin
iy and henee, the nateral storage and cleansing
functions thar sustn the stetegrealls insportant nan-
uril goods and services of iver ceosysiems

Acknowledgements

This plenary paper was read by the semor author w
the 20™ Congress (2004) of the International Sociely
for Theoretical and Applied Limnojogy. Funding for
s study was provided by USA Nanonal Seence
Foundation grant numbers EAR-0120323 and MOR-
0348773, Any opinions, lindings and conclusions or
recommendations espressed in this matertal are those
of the authors and do nol necessurily refleet the views
of the National Science Foundation: Authors thank
Michelle Anderson, Jack Jones. Jason Mouw, Bran
Reid, Tom Bansuk and the Nyack biocomplesiy and
microbinl observatory participants for their inpul,

References

AsprRewartig, 111G & Biwen, 1.C., 1954 The Lhstab
ution and Abundance of Ammals  Uneversity ol
Chicago Press, Clocaga, 1linois. 782 pp

Brana, Lo Porn NG Micces, B, Dess, T, Rieves,
(i Puss, Go & Potrock, M., 2004: The aetwork dy-
nanics hypothesis: how channet petworks structure
riverine habitats. - BioScienee 84, 413 427,

Case, Gl 1995 Distribition and abundince of
zvovbenthos in channel, springbrock and hyporbeic
habitats of an alhvial floadplain. — MoAL Thesi,
Univ, of Montana, Missoula, Monta,

G, S, 20040 Eeology ol Parsflusal Ponds,
Ph.D. Diss.. Univ ol Montana, Missoufa, Montana
Fros BRLCSUsroRt, JA & Wann, IV, 199%: Micro
bial assemblages and production in alluval aquiters
of the Flathead River. Momana, LSA 1N Am

Benthed, Soc. 17 382302,

Farsoar, Ku, Towewses, CEL Bastin, O\ & Lo
HLWL 2002 Landseapes 1o rverseapes. Bndgimg the
gap berween researeh and conservation ol stream
fishes.  BioScenve 32183 498

Prisseal, CAL Lisse WL, Waknes, Cd & Hugs,
ML 1986 A hierrelieal framework Tor stream
Dbt chissifiention: Viewing strems in a watershed
comteat.  Environ Monag 100 1oy 214

GURNELL AL TIraay, T, Swasson, FL & GriGom
SAL 20020 Targe wood and Muvial processes
Freshw. Biol, 47. o} 619

Hat, CASL StaviorDd LA K Haris, FRL 1992 The
distribution and sbundance of orgatisiis as a conse-
juence of energy balances along muluple eoviran
mental gradients. Oihos 65 377 3400

Hisexner, ML & Soasiort, JAL 2005 ifferences i

cattonwoeod growth between o Josing il 4 gainimg

reach of an aliuvml ool plan Leology B4

[452- 1438



136

s, BRS D v, UON Lasiiit o GuAL & Siasionen,
LA 2003 andscapes and ecoiugical varnshiltiy of
rivers st dorth Amerivae Factors atfecting restoration

s Wissanar, RO & Bisses, PA s e
Strtlegies for Restoring River [oosysicnns: Soutves
ol Marabilits and Uncertiny n Natoeal and Man-
aged Systems 81105, Amencan Fisheries Sow.,
Bethesda, Muarvkamd,

Mrwsoiy, AL Gerrer. G0M & Doy M-,
1999 A geomorphic-trophie: moded for fandseape
vonitel ol argtie lake tood webs BioSeicnee 49:
hh st

Heaoesaeraa e Pl Mo, 1, Bisenr Re& Woiss-
NG WL EY9R: Abiotic aspects of channels id flood-
plimns i rpanin ceoloes, treshw, Biol  40;
U7 25,

Fainson, WO, 2002 Riparian vegetation diversuy
aleng regulated rivers: Contribunion of mnel and
relier habitats. - Freshw, Brol. 47749 7540,

Joske WA Bawrey, BH& Seuites, R 1989 The
food padse coneept i viver-tloodphinin svstems. In;
Dot DYP gLy Proceedmnes of the Internanonal
Large River Symposiom: 1 127 Canadian Spec.
Publ ol Fishenes and Aquanic Scences 1416,

Lot Lo Worstws, MG & Mo, L1992 Fla-
vl Processes i Geomorphologs, 2nd ed.. Dover
Pubhications, Ine . New York, New York, 335 pp

biniss, Gl & Borsiass, B 1974 Linkages be-
meen terrestal and aguatic cvosystiems, Bio-
Suience 240 447 4306,

Loiaso, ML Wit DO Hvers FRO Kaaa e,
LS. & Srawiorn, DAL 2005 Using aitborse multi-
speatral imagery o evpluite geomorphic work across
) plains of grselbed rivers. Leol, Apple. (in
press).

Mintis, LA KL 9T Documentanon of the sigmti-
cance of the penrhae sone on iuedated Noodplains,

Watter Resour Res, 330 1749 1762,

Motw UL, 2000 Floodplain plant diversity and con-
servation in regional and Jocal comexts, Pl diss.,
The University of Montana, Missouli.

Mot L5 B & Avanweok, BHL 2003 Puiting lowd-
plain hs perdiversity m o regional conteat: An assess-
ment of errestrial-floodphain conmectivity 1 a mon-
e eoserotient. ) Hhogeogr, MEST J03,

St UL TUSS Anpmad inlfuences on ¢eosvsiem
dymamnes,  BioScience 38 750 732,

Prpise DAL & Tt FRG 20020 Benthic responaes 1a
groundwaler-surtice water exchange in two atfu
rvers monorthwestern Montana, LN Are Benthol,
Sov, 11 3TDO3NR,

P Nl A LA LD B, MUK wie LR Prpsr -
vanrn, KoL Rk, Bk Smawes, R &
Strons ki LC, 1997 The naturab flow regame. A
passdigeny for sver conservation and restoration,
BroSeience 47: 760 TR,

stEegies.

Lerd, fnterigt. Tevein Linurof, 29

Poni s LU 20020 Fluvial andscape cooloey Address
mp unigueness within the mer disconbmie,
| reshw, ol 470 641 on0)

Kooz S0 & Mantoses, ] AL T99 Collapse of rigari-
e poplar forests dowsstreant from dams s western
prawies, probabile cises imd prospects Tor mitipation,

Piviron, Manag, 14: 451 S64d,

Scpuitenor b, Noodessts, B Reoronn A & Rodge-
s, THHL, 20048 Spontancous chunoelization in per-
meahle ground: Theors, experiment, and vhservation,

J Fluid Mechanics S03; 337 374,

Sotimoon, TR, 1977 Habiet, the wemplet Bor ece-
logical strategies” L Anim. Leol, 46: 337 365,

Staniorin AL T998: Rivers e the Bundscipe: imrodue
Hon o the specil issue on ripanan atd groundwater
ceology, Freshw. Biol 40: 402 - 406,

Srasiorin LA Warh IV Disss WL Frssiar, CAL
Witciants, RONG Lieesteswaen, AL & Cosrven
C O, 1980 A peneral protocal Tor restoration of reg-
ulited yivers. Regil, Rvers: Res mnd Manag, 12
Wl 13

Seasiomin b AL Wakn I & Brosc BRL T Feolo-
oy ol the alluvial sguiters o the Flathead River, Mon-
i o Giseri, L Dasirorol, DL & Srantori,
4A (Ludso: Groundwater Feotogy s 367 390, Aciude
e Press, Ine San Diego, Calidoram

Towksrne Ko & Siangorh, LAL 20020 Riverine o)
plains: present state amd futore remds,  Ewion
Consery, 29: 308 334

Viasnotn, R, Mievsia, GW 0 Cianns, KW,
St LR & Cisiina, =l F95tE The river con-
tnuune coneepr. Can, b Fishe Aguan Sei 37
130137,

Warn, LV BriIscnsg, G Bacse, Mo Dasi o,
D Ginera, )L Gosse e, To& Horew, AG T8 The
houndaries of river systemse the metazomn perspey
tive,  Freshw, Biol, 30 531 560,

Ward, TV & Stavromn DA TS The serial disconti-
manty concepts externding the model 1o Noodplain
rivers Repul. Rivers. Res, and Manag. 10
P39 1nh,

Warb, DAL Tocwsri, K Arscorn DB & Coaren C
2002: Riverine Fandseape dnersiy, Preshw. Biod
47317 539

Wi, D0 Sasaonin J A& Revtsaag, LS, 2003
Applicition of aithorne multispectral digiz! imagen
le eluractenize the mverne habitt, Ve, Tnlerna
Verein Limnod 34 £37% 1380,

Authors” address
FALSTaNion, ALS Lo s ER Hasrw, Fln
head ake Brologeal Stnon The University ol Mon-
i Pokson, Monang USA - 3YR60-9059, -ml
Fch stuntord o mmontana edu



nHn,

1%

a7

REGLLATED RIVERS RESEARCH & MANAGEMENT VGIL 17, 391 413 (1996

A GENERAL PROTOCOL FOR RESTORATION OF
REGULATED RIVERS

IACK A, STANFORD
Flathead Lalie Biological Station, The Universuy of Montane, Polson. MT 59860, 754
J. V.WARD
Department sf Limnologye, EAWAG ETH, Uberlandstrasse 133, CH-8600 Dubendorf, Switzerland
WILLIAM J. LISS
Department of Fisheries and #ildiife, Oregon State University, Corvallis, OR 97331 USA
CHRISTOPHER A, FRISSELL

Flathead Lake Biological Station, The University of Montana Polson. MT 59860 US4

RICHARD N, WILLIAMS
3G Clear Creek Drive, Meridian, ID 83642, LSA
JAMES A LICHATOWICH
182 Dary Road, Sequim, WA 98382, US4
AND
CHARLES C. COUTANT
Oak Ridec Nationul Laboratory, Box 208, Ouk Ridge, TN 37831, US4

ARBSTRACT

Large catchment basins may be viewed us ecosystems in which natural and culteral 2reriouies interact. Contemporary
tiver ecology emphasizes the four-dimensional nature of the river continuum and the propensity for riverine biodiversity
and bioproduction 1o he largely controlied by habitat muintenance processes, such as cut and fill alluviation mediated by
carchiment water vieid, Stream regulation reduces annual flow amplitude, increases baseflow variation and changes tem-
perature, mass transport and other important biophysical patterns and 2itnbutes. As a resalt, ecological connectivity
between upsiream and downstream reaches and between channcls, ground waters and floodplains may be severed.
Native biodiversity and bioproduction ususlly ere reduced or changed and non-nauve biota proliferate.

Reguluted rivers regain normative attributes as distancs from the dam increases and in relation to the mode of dam
operation. Therefore. dam operations can be used 1o restructure altered temperatare and Sow regimes which, coupled
wilk: pollution sbatement and manapernent of non-native biots. enables naturs! processes 1o rastore damaged haditats
glong the river's course. The expectation is recovery of depressed populations of native species. The protocol requires:
restoring peak fiows needed to reconnect and periodically reconfigure channel and floodplain habiizis; stabilizing base-
flows to revitalize food-webs in shullow water habitats; reconstituting seasonal lemperature patterns {e.g. by construction
of depth selective withdrawal systems on storage dams); maximizing dam passage to allow recovery of fish metapopuia-
tion structure; instititing a management belief system that relies upon natural habital resioration and maintenance, a3
opposed to arificial propagation, instaliation of artificial instream structures (river enginecring) and predator control;
and, practising adaptive ecosystem management.

Qur restoration protocol shouid be viewed zs an hypothesis derived from the pripuipies of river ecology. Although
restoration 1o aboriginal siate is not expecied. nor necessarily desired, recovering some large portior of the lost capacity
to sustain naiive biodiversity und bioproduction is possible by management for processes tha: maintain normative habi-
ta: conditions. The cost may be less than expected because the river cant do most of the work,
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INTRODUCTION

Flow regulation is perhieps the most pervasive change wrought by humans on rivers world-wide. Dvresius
and Nilssen {1994} recently showed that ai} of the larger rivers in the northern third of the world ore Tegu
lated: flow in most is totafly contralled by dams and diversions, except for some [ ree-fiowing reaches and
during cxtremc Soods.

Much research in stream ecology worid-wide is now deveied (o understanding and mitigating fliow reg-
ulation and the interactive efects of land 2né water use by humans within catchment basins. A primary
goal of *The Freshwater Imperative’, a recent syothesis of research direction by limnelogists in the USA.
is understznding and predicting the influcnces of Sow regulation on the integrity (e.g. long-term mainte-
nance of pative species diversity) and resilizney {e.g natural recovery from human-mediated covirenmen.
tal change} of epicontinental aquatic ccosystems (Natman ef o, 1995a; summarized in Naiman et af..
1993h)

River corriders were the arteries for the development of ancient civilizations and modern societies and
they remain central to local and global economues. Quality of life in all countries can be assessed in terms
of quality and quantity of environmental goods {e.g polable and irngable water, fisheries) and services
(¢.2. sustained discharge and bioproduction} that humans arc able to cbtain from river ecosystcms (sensu
Lubchenco er af.. 1991). Conservation and restoration of nivers clearly should be a national prierity for
responsihle governments and a wide array of actions have been proposed or discussed (2.z. Gore, 1985,
Toth er al.. 1993; Gore and F. D. Shields. 1995; Shuman, 1995; Van Dijk et af . 1995)

Howcever. governments struggle with the designation of the specific elements of rver environments that
need to be conserved or restored. because of conflict between human use of fiverire goods and services
and different perveptions of how those finite resources can be susiained as human populations burgeon
Morcover. management actions targeted at 4 particular segment or specics too often fail 1o meet objectives
because rivers are not viewed as interconnected ecosystems {rom headwaters 1o ocean confluence.

Indeed, = strong tendency has emerged to focus river conservation and restoration on charismatic or sco-
nomically important fauna, such as trout and szimon. without therough consideration of the attributes and
processes of the catchment that contro! biodiversity and hioproductior: (Sparks. 1995). In the USA, federal
legislation aimed at recovery of species deemed in danger of cxtinction has fostered management and
rescarch emphasis on the biology of particular organisms rathcr than on the ecosystem processes that control
their survival within diverse assemblages of native biota (Minckley and Deacon, 1991). For example, the dec-
ade-old restoration programme for anadromous saimon runs in the Columbia River has cost well over §i
billion dollars; vet, native populations are rapicly approaching non-viable levels (Nehlsen er af., 1991, Hun-
tington er al., 1996) because restoration focused on hatchery production as mitigation for lost or damaged
habitat (Nutional Research Council, 1995).

To be successful. river restoration plans must be based not only oa the biology of organisms, but aiso on a
thorough understanding of the biogeochemical processes that cortrol the distribution and production of
biota. and the human influences on those processes. In this paper we examine the general principles of river
ecology and stream regulation in an ecosystem conicxt and we use these principles as the basis for the pro-
position of a general protocol for restoration of entire catchments,

NATURAL-CULTURAL ELEMENTS OF CATCHMENT ECORYSTEMS

Rivers cannot be separated in theory or practice from the fands they drain (Hynes, 1975). Henee, the catch-
mnent basin {often referred to as watershed in the USA) defines the spatial dimensions of river ecosystems,
Understanding the linkages berween terrestrial and aqualtic componernits and processes within the catchment
is essential to river protection and restoration.

The catchment landscape is composed of interactive, biophysical resources {e.g waler, minerals, nutri-
ents, habitats. food-webs) that are used bv the assemnblage of animals and plants (biodiversity) that live
within the ecosystem. Biodiversity cncompasses such phenomena as genetic variation, morphological
variation. life history variation within species and the richness. distributions, biomass 2nd productivity
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RESTORATION OF RECLLATED RIVERS

of populations. species, guilds and other tuxonomic and trophic categorics acress the landscape [t also
spcompasses the mynad of hiophysical processes (functional attributes) that control these phenomena
{Hall er al., 1992; Doppeit 01 al., 1993 Noss and Cooperrider, 1994, and muny others). However the szii-
ent features of biodiversity, species numbers (alpha diversity) and distribution (beta diversitys, are deter-
mined by the availability of the resources that are needed by animals and piants in order to reproduce
successfully {i.2. corapiete their hite cycle) (Andrewartha and Birch. 1934} end thereby sustain ecosystem
integrity (Frisscil and Bayles, 1996, Ward. in press). Lifc history stages arc deternined by the gencme o

each species as derived {rom its legacy of genutic responses 1o changes in the availability of resources

Hence. the dyazmic biophysical components of the landscape are controlled in space and sime by envir-
oomental changes (e.g. foresi fires, spates. drought, disease, earthquakes) that vary in intensity and dura-
tion,

Similarly, human societies within catchments usuaily are derived from a mix of cultures (¢.g. natives,
immigranis) that use or market goods and services Lo produce weaith or some other measure of the quality
of life desired by individuals. Desires and perceptions that individuals have about life-style are dynamic and
influenced by heritage. education., earning power, shortages and surpluses of gocds such as fossil fucls, laws.
taxes and natural resource management policies, among many other social and economic concerns,

The point is, that both natural and cultural components of catchments are complex und highly interactive
Humans change catchment landscapes by using or extracting environmental goods and services; whereas,
societies change tn relation to the guality or ecological intzgnity of landscapes in which they reside (Blikie
and Brookfield, 1987; Schinberg and Gould, 1994; end many others in the rapidiy expanding environmental
socioicgy and ecological econommnics literature}.

Within this naturai-culiurai framework, we recognize that rver ecosystems have i certain natural capa-
ity Lo maintain biota and produce biomass (Warren ez af., 1979, Fnissell er a/. 1996; Ebersole ar al. in pres:)
and that biodiversity and bioproduction are dynamic in ime grd space in refation to availability of resources
(Benke er af.. 1988). Biotic dynarmcs derive from natural variation in the environmental setting; equilibrium
conditions (e.g. logistic relationship beiween resources and broproduction) rarely exist for very long because
environmental changes are constantly reconfigunng resource availability. Periodic constrainis on species-
specific productivity increases opportunities for other species Lo use resources, inferring that levels of ecosys-
iem biodiversity and bicproduction generally are refatad to the intensity, frequency and duration of distur-
hance events (Huston, 1979; Resh er 4l.. 1988; Pimm, 1991, Haston, 1994; Reice, 1994},

Ecological capacity, therefore, varies from place te place and higher levels of biological richniess (specios-
ity) and bioproduction are most likely to occur 1 ecosystems with a long legacy of high spatial and temporaj
environmental heterogeneity {Connell. 1978; Ward and Stanford, 1983; Salo er al., 1586; Poff and Ward,
1990: Ward, in press). In contrast. total unit area biomass (standing crop} of = few species. while also con-
straiped by inherent ecosysiem capacity, may be high under sustained conditions of environmentai con
stancy owing to slow turnover rates. For cxample. a few species are ofien extremely abundant and
persisient in spnng-brooks, lake outlets and reservoir tailwaters, where disturbance events are relatively
benign {e.g. scouring fleods, very dynamic diel and annual iemperature patterns and rapid changes in trans-
port of particulate matier do not occur because of the buffening effect of the lake or reservior) (Ward snd
Dufford, 1979; Gislason, 1983; Perry and Sheldon. 1986; Valeti and Stanford, 1987; Wooton. 1987; Shannoa
etal., 1994,

Huraans tend 1o dominate ecosystems, thereby superimposing pervasive, continual perturbation on the
nateral disturbance repirmes that susiamn habitats and biotic commuenities. The resall is suppression, and
in some cases permanent loss, of environmeniai heterogeneity and biodiversity, fundamentally reducing
the productive capacity of biotic resources (Wurren and Liss, 1986; Frissell er af.. 1993: Frsseli er af  in
press; Ebersole ef af. in press). The goal of river restoration should be 1o minimize human-mediated con-
straints, thereby zllowing naturai re-expression of productive capacity. In some, if not most. intensely regu-
lated rivers, human-mediated constrainis may have progressed to the point that full re-expression of capacity
is neither desired nor possible. Nonetheless. the implicaiion 15 that basic ecological pnnciples appiied to Av-
ers in 4 natural-cultural context can lead to restoration of biodiversity and bioprodiciion in space and time;
but, the constramis must be removed, not mitigated.
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Figure 1. Mejor landscape features of a montane floodplein river, showing the three primary spatial dirnensions (lateral, longitudinal or
altitudinal, and vertical) thut are dynamically molded through time (the fourth dimension) by fluvial processes. Biota may reside 1 all
three spatial dimensions: ripares (streamside or fiparian), benthos {chunnel), hyporheos (fiver-influenced proundwater) and phreatos
(deep groundwater). The hatched area is the vanial zone or the area of the chonnel that is penicdically dewatered as a consequence of
the average amplitude of the discharge regime. Major chunne! featurss include a run (A), riffic (B) and pool {(C): 54 refery to sites of
sediment deposition and Se refers to a major site of bunk erosion. The heevy sobid line 1 the thalweg and broken Jlines conceptualize
circulation of water hetween benthiz, hyporheic and phreatic habitats {after Stanford, 1996 sec also Stanford and Ward. 1992)

GENERAL PRINCIPLES OF RIVER ECOLOGY

Conservation and management strategies for large rivers must have a solid conceptual besis or they will
likely fail to sustain biodiversity and bioproduction. Contemporary river scology is guided by a number
of mtertwined concepts or principles derived from empirical studies. No two rivers are cxactly alike and
no single theory encompasses the myriad of biophysical interactions and responses to natural and human
disturbances that make each fver unique. However, fundamental principles do apply. many conservaiion
and restoration efforis become mvopic. costly anc too often fail because pians and actions overlook ccolo-
giczl fundamentals.

Unregulated rivers exist as geohydraulic continua from continental divides 1o the ocezns. They are net-
works of surfacc and groundwater flow paths that drain catchment landscapes (Gibert er al., 1990), The
encrgy of flowing water constantly reconfigures the physical form of these interconnected flow pathways.
primarily by the process of cut and fill alluviation (Leopold ef al.. 1964) although dissolution can dominate
in limestone massifs (Mangin. 1994) and a {ew other situations. Inorganic and organic materials are eroded
upstream and deposited downstream primarily in relation to: {a) long- and short-term flow dynamics; (b) the
resistivity of geological formations to crosion and dissolution; (c) instream retention structures (e.g. eddies,
wood debris); and. {d) the geomectry of the catrchment.

Channel morphologies are determined by the legacy of fooding. Big floods fill channels with inerganic
and organic materials eroded laterally and vertically at upstream locations. thereby producing a continuum
of instream structures (pools. runs, riffies, gravel bars, avulsion channels, isiands, debris jams) and lateral
floodpluin 1erraces in many sizes and shapes. Local morphologies resuling from infrequent. very large foods
may persist in the same general form (guasi-equilibrivm) for long time periods until the next big food, even
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ihough interim flav, dynamiss graduaily and subtly recontigure ingtreant siructizrgs and features (Sehumm
and Lichty. 1956}, For cxample. the channel of the Snake Raver upstream from Hells Canvon. [dabo,
US4, persists as an incsed pravelbed channdi contmmag @ chain of clevated, mid-channei 1siands thal
have act been overtoppad since the cataclysmiv glacial floed (hat formed them receded over BO0C vears
ago {Cornor, 1993;. Other river channels wiih 2 greaier sediment supply and frequent overbank fooding
are constantly shifting braiding or meandering on the valiey bottom from vear to year as the channei fills
with materiai in one place causing the fiow pathway to avuise and downcut {Best and Bristenw, 1993),
i All rivers are fundamentaliv alluviai in nature as a consegquence of cut and fill alluviation mediated by
i flooding. Mos: rivers have desply bedded and cxpunsive foodplains interspersed beiwesn constrained ond
often incised reaches (canyons). where the hedrock may be very near of exposed on the strearm Dottom.
Hence. river ecosysicms have three maporiant spatial dimensions that are temporzily dviramic (Figure [
i The longitudinal (upstream  downstream} dimension 18 describad in detzil in the ecologicud literature, includ-
: ing the oceurrence and ecological significance (discussed oelow) of streamside (riparian) vegetation and asso-
ciated faunal assemblages in the surficial transition zone from riverine to terresinal environmenis, However,
eritically important lateral and vertical attributes and conncctions are often overlooked or ignored. Owing to
the high porosity of the hed sediments in gravel bed rivers, river waler penetraies ihe boitom and saturates
the ailuvial bedding of the chunnel and floodpla down to the less porous bedrock. thereby ereating complex
groundwater (hyporheic) habitats. As the valley constricts. or owing to changes in the losal hedrock geome-
4 1ry. the water tabie may interscct the surface creating floodplain (riparian) wetlands, permanent spring-
Sia rooks and ponds in up-welling arcas may be observed at the downstrezm end of food plaims Indeed, a pro-
Bk minent feature of alluvial nivers 1s sequential down- und up-welling of river water into and out of the bed
sediments. which interacts with overland ficoding to create complex habitat mosaics on the Joodplain sur-
face. The floodplain. with its hyporheic and riparian habitats. is therefore the transition zore or ecotone link-
ing aguatic and terrestriz! components of the river ccosystem above and below greund level Also,
groundwater flowing from uplands may rmix with river water flowing within the hyporheic zone. creating
vet another imporiant lateral ecotone These lateral and vertical transition zones alternate in juxtapesition
with the channel from headwaters 1o mouth. forming hyporheic and riparian corridors {Naiman er al.. 1988,
: Stanford and Ward, 1993 Wurd and Weins. in press)
R The mosaic of channe! and floodplain structures creates a constanily changing hubitat emplate {(sensu
i Southwood, 1977, 1978) for a mynad of plants and animals that comprise riverine food-webs. Resources
needed by particular life history stages of organisms have diseretc or “paichy’ distributions within this het-
erogeneous landscape. As flows change. not only does the ability of the river tc move substratum change. but
the way in which water moves around and/or over instrearu struciures. such as houlders and grave! bars. also
changes. Hence. biota must adapt to resources arrayed as dynamic paiches that manifest from local (e.g.. 8
single rock on a single riffie 1n a particular nver reach: Townsenc. 1989) 1o catchment scale. Morzover, as
biota attcrapt 1c find and utilize these paiches io susiain growth and reproduction over the leng term.
they must also adapt 10 the physical forces of water mevement (Statzner of al.. 1988). Therefore, biota
are often arrayed in precise lovations withip the nver channel and along the river centinuum (Poff and Alizn,
1995). For example, a large. behaviourally dominant irout may occupy the optimal position within an eddy
| for capturing drifting msects: if that fish is removed. the next fish in the pecking order will move into that
foraging location {Backman. 1983). Salmonids are generally confined to the colder. rocky reaches (rhithron)
of the stream coniinuuir and are replaced by warm water species {e.g. cyprinids, ictaturids) in the slow mov-
ing. sandy and ofien lurbid reaches downstream {potamon) (Hiies. 1956, illies ané Bolosaneanu. 1963)
The river comtinuum is a complex. dvoamic gradient of habiiat types from headwatcrs to oceanic conflu-
ence. and flora and fauna are usually distributed rather predictably along thai gradient {Figure 2) according
1o the requirements specified by cach stage in their life cycle (Vunnoie ef al.. 1986). Each species or unique life
history 13 pe {stock or population) is most zbundant where the resourcas they reguire are mosi abundant and’
or most cfficiently ebtained. They will be present (Jocally adapted) wherever they can maintain & positive
cnergy balance. that is. they have enough resources 1o sustain growth and reproduction and thereby sustain
the presence of the species ar stock in the river food-web at that lozation (Hall er af.. 1992). For some species,
a positive life history energy balance can be maintained without much movement and suites of organisms
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appear 1o OCCur 1n zones along the nver continuum: others must move long distences i S8ACh of r2soures
needed for cach hfe stage, sometitmes involving migrztions 1o the iakes (e.g. adfluvial bull charr, Sefvelinus
confluentus) or the ocean (e p. znadramous salmon and trout: Oncherynchuy spp.. Saimo salar snd 5 rutta

Salvelinus spp.}

Wideiy dispersed species often axist as metapopulations because local populations are linked by dispersa
and gene flow inte larger regional populations that may encompass the enure catchment {(Hanski, 1991:
Hanski end Giipin, 1991). For ciample. metapopulation structure is thoupht to be particuiarly ovident in
many selmoenid populations { Rewsenbichler e al., 1992; Rieman and Mclntyre, 1993) and most hkzly inftu-
ences the probability of persistenve for a specizs (Stacy and Taper, 1942) Merapopuiction linkages allow for
local extinction of populations. which can be re-esiablished via colonization from adjacent populaticns {(Lei-
der, 1989: Milner and Bailey, 1989) The spatial arrangement of large- and simall-scale habitat features within
a catchment may serve as a iempiaie for metapopulation organization of fishes (Schiosser and Angermeier,
1995). The mosaic of floodplain reaches and constrained segments (Figure 2) within the mainszem and tri-
butaries infuences siee. spatizl disrribution and proximity of local spawning populations Proximaty of
populations and {avourability of connecting habitats can affect exchange of individuals between local popu-
lations {Reiman and Mclntvre, 1993, Li er of. 19935; Schlosser and Angermeicr. 1995) and thus infuence
potentiz} tor recolonization of habitats whare local extinction has occurred.

Since most river fauna are ectotherms. growth and reproduction is alse vitzlly inftuenced by nver tempera-
ture. Most organisms adapted to the cold climes of the headwater reaches simply cannet survive in warmer
reaches downsiream. and vice versa. Indeed, species found in 2 particular thermal environment in one river
generally will be found in very simiiar environments in other rivers within the geographical range of that
species, if all other resource needs ere also met. Because growth of ectotherms 1s strictly temperature depen-
dent, lemperature is a critical habitat attribute (Ward, 1985; Halt er g/, 1992). Stream insects and fish will be
found in arcas of the stream where their thermal neads are met and substratum, food and other resources are
marginal, bul rarely the inverse, at least for individuals that uitimately reproduce successfully. This is
because of the basic thermal encrgetics of growth and the fact that many kfe history stages, such as insect
emergence {ecdysis) and fish spawning are nitiated by precise temperature cues (Brett, 1971 Vannote and
Sweeney, 1980; Ward and Stanford. 1982), In addition, beczuse fow riverine organisms have tughly specia-
lized food requirements, food limitation may be less prevalent than thermal limitation most of the tims

For plants of the river food-web, availatility of light and nutrienis is crucial. In headwater sireams shaded
by riparian plants. decomposttion of allochthonous {terrestrially derived) coarse partculate organic matter
(leaves, grasses) usnzlly drives insiream bioproduction (Cummins et af., 1984, 1589). Plant growth nutricnis
are released into ransport by the decomposinon of particulate organic metier entrained on the bottom, and
are utilized by acguntic plants in betwer light environments downstream wheee the stream channel 1s wider and
the riparian canopy opens. Of course. nutrients zad other dissolved solids are aiso derived from dissolution
of the bedrock and other geochemical reactions. Indesd. streams with high alkalinity from limestone disso-
lution generally are more productive than streams draining more inert bedrocks, such as granite massifs
(Kruger et al., 1983; Waters er al.. 1990). Dissolved solids that are required for growth by algae and macro
phytes spirel downstream, alternatively retained and released nto transport by the niver food-webs {(New-
bold er al, 1981, 1982). Conditons may shift back to heterotrophy in turbid, slow moving reaches near
the river mouath as a consequence of planktonic microbial decomposition of vrganic matier trunsporied
from upstream reaches, reduced light reaching the bottom cwing to deep and often surbid water apd shifing
substraium (Vannote and Sweeney. 1980; Minshail er o/, 1983; Naiman er al., 1987).

Al of tius underscorces the complex linkages between the spatial dimensions of river ecosystems { Figure 1)
These interactive components and atiributes are repeated throughout the niver course, from headwaters to
mouth. Flocds maintun channel and floodplain habitats and pulse nutrient-enriched waters lzterally intc
backwaters and ou re floodplams. as well as downstream into the estuary. Because it is a continual habi-
tat-forming process, nver biota are sdapted to frequency and durauon of flood pulses {(Copp. 1989; Junk
er af.. 1989) Rivers that fiood {requently (annusily or more often) mainiain different species and food-
webs than svsiems that are more scologically benign bv rarely or never expericncing scounng floads (c.g.
spring-brooks and lake outiet streams). Food-webs are complex and change predictably along the stream
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Figure 3. Primary coatrolling varisbies and Wophysical interzctivns of nver scosystems

it continuum in direct response to veriations in the strepgth of interconnections between channel, ground-

Pl water, floodplain and upland clements of the catchment (Ward and Stanford, 1995a)

In our view the primary variables driving the distribution and abundance of animals 2nd plants in flood
prone rivers are usually abietic and primarily determined by the geological and climatic setting of the catch-
ment busin (Figure 3). Biotic interactions (e g competition, predation. parasitismj. while they obviously con-
tinually occur within food-webs in all habitats, may become progressively more important and apparent as
the time between abiotic disturbances increases. and hence arc most pronousced in spring-brooks and lake
outlet streams where abiotic drivers arc comparatively non-variable (Ward and Stanford. 1983b; McAutiffe.
1983, 1984; Reice, 1994). All big rivers that are pot influenced by large on-channel Jakes are naturally flood
prone. and ullimately biophysical structure is controlied by the tnexorable, but highly dynamic, scouring
process of cut and fili alluviation,

Environmental heterogeneity (complexity) maximizes in the alluvial (aggraded) reaches of the river con-
tnuum. Owing to the energetics of materials iransport through large catchment basins from high elevation
to sea level, aluvial reaches are arrayed along the stream continuum betwesn canvon segments like beads on
a string (Figure 2) The hyporheic and riparian cortidor is expansive on alluvial reaches and seasonal tem-
perature patterns vary within the wide array of aquatic habitats that exist Iateratly from the channel across
the ficodplain (Ward, 1984). Large ficodplains appear 10 function as centres of mophysical organization
within the river continuum {sensu Regier ef al.. 1989). Thev are likely to be *hot spots’ of biodiversity and
bioproduction that are structurally and functionally linked by the river corridor {Copp. 1989; Gregory et
al., 1991 Zwick, 1992; Stanford and Ward, 1993; Ward and Stanford. 1995a.b}. Indeed. intermountain
and picdmont valley flcodplains world-wide are charactenzed by nutrient-rich ficodplain soils and diverse
and productive backwater and mainstem fisheries (Welcomme. 1979: Davies and Walker. 1986: Lowe-
McConncll, 1987: Sparks er al.. 1990, Junk and Piedade. 1994; Welcomme. 1995). These rcaches are also
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foci for human aciivities within the catchment basin (Amoros e al, 1987 Peuts et i, 1989; Wissmar #f ol
1994)

Additional data are needed to confirm exphicitly the patters of biodiversity hypothesized in Figure 2 fora
spectrum of rivers world wide. but the imporiance of alluvial zones us biclogical hot spots” within river con-
gnua s very clear {e.g. riparian plants' junk er of., 1989; Gregory er ef.. 1991, benthic insects; Zwick. 1992,
Roth 7 &, 1p press; fishes: Welconuae, 1979: Rieman and Mclntyre, 1995). Moreover meiapopulaucn the-
ory suggests that core popuiations are criticai for persistence of metapopulaiions with core-sziatlite stroc-
tures (Schoener 1991, Harrison 1993, 1994} Core populations are relatively large populations cecupying
high quality hahitar. In rivers, large atluvial resches may support core populations of fishes (Lichatewich
and Mobrand, 1995). These productive populations can serve as stable sources of dispersers tha: can reco-
lonize peripheral habitats where Iess productive satellite populations have undergone local extinctions (Har-
rison. 1591, 1994: Reiman znd Mclntyre 1993; Li e al.. 1995; Schlosser and Angermeler, 1935); or, core
populations may ‘rescue’ from extinction sateliite populations whose abundance has been severely reduced
(Brown and Kodrick-Brown. 1377 Goteili 1991, Stacey and Taper, 1992). Thus, core populations can huffer
metapopulations against environmental change and contribute to resiliency of regional fish production. Cer-
win riparian plant species also appear 10 exist as melapopulations with cores on alluvisl fioedplains
(Decamps and Tabacchi, 1994). Therefore, we propose that affuvial reaches should aiso be foci for large niver
conservation and restoration.

THE RIVER DISCONTINUUM: HUMAN ALTERATION OF LARGE RIVER ECOSYSTEMS

Humans vastly reduce the capacity of river ccosystems 10 sustain natural biodiversity and bioproduction by
severing or compromising the dynamic interactive pathways of the river continuum. As descrided above.
native biota of rivers display life history trails that allow populations 1o survive within a ceriain range of
environmental variation that characterizes a particular river. If this range of veriation changes, organisms
must locally adapt to the new range of environmental concitions or be extirpated. Recolonizaiion of extir-
pated areas may occur over time as environmental constraints ameliorale and/for as a consequence of immi-
gration of suitably adapted populations. However, human-mediated environmental change can be s0 rapid
and so severe as to exceed the ability of biota 1o adapt. The interactive pathways of the river continuum 1o
often are permanently severed by human activities, and native biodiversity and bioproduction decline.

Pervasive human perturbations that uncouple important ecological processes linking ecosystem compo-
nents in large river basins can be lumped into three broad classes: (8) water pollution of all typss; (b}
food-web mznipulation by harvest, stocking and exotic invasions: and (c) alteration of water, lemperaturs
and materials fux by dams, diversions and revetment. Human !and use creates direct and diffuse inputs ol
water-borne wasles from the catchment and its airshed (Hyncs. 1966; Warren, 1571), accelerates erosion and
sediment loading related to deforestation and road building (Waters, 1995}, alters fiux rates of materials in
rivers {e.g. eutrophication, acidification) and uncouples fotic food-webs by texic effects. Harvest of fishes and
inverichrates, and the purposefui and accidental introduction of non-native species, induces strong interac-
tions that alter food-webs by causing biomass 2nd bioproduction shifts, species replacements and other
trophic effects (Mooney, 1986) that may cascade through ail trophic levels and even involve terrestrizl spe-
cies that feed on aquatic biota (Spencer ¢f af., 1991). Pollution and food-web manipulation are interactive
with stream regulation effects in most caichments. However, giteration of flow regimes and associated sever-
ing of connectivity in the three spatial dimensions of fiverine ecosylems perhaps are the most sinkingly per-
vasive infuence of bumans on river landscapes world-wide (Dynesius and Nilsson. 1994).

Three first principles of the ecology of stream regulation

At least three fundamenial commonalties emerge from the large literature on the ecolcgy of regulated
rvers (reviewed by Baxter. 1977; Ward and Stanford, 1979, 1987: Lillchammer and Saltveit, 1984; Paitg,
1989: Calow and Petts, 1992). These principles must be recognized in the derivation of large river restora
tion strategies.

1. Habitat diversity is substntiolly reduced. Large storage dams world-wide inundate piedmont or
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mouniain valicy floodplains, thereby severing the river continuum. Mass transport dynamics that creaie
instream znd fleodplain habitats for nverine biots are drastically altered. Flood peaks are eliminated.
daily discharges are more variable (e.g. Figure 4) and temperature seesonality muy be reduced or lost
(Stanford and Hauer, 1992; Blinn ef /.. 1645)
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A¢ a consequence of reservoir storage of peak flows for Oood control. navigation. srrigation and hydro-
power production, baseflows increase substantially and often fuctuate so erratically that aguatic biota can-
not survive in shallow. pear-shore babitats. The varial zone, shown in Figure 1, constricts owing to 1oss of
peak flows and is depopulated by cyclic dewater:ng and rewatering that occurs on weekly. daily or =ven
bourly schedules (Cushman. 1983, Jourdonnais and Hauer, 1992). In stark contrast. a natural nver pulses
water on (o ofien cxpansive floodplains within a range of vanation thai alfows a diversity of aguatic and
riparian brota to exist in multiple successional stages in a compiex array of habitats, Persistent shatlow or
slack water habitats are especially important for the survival of carly life history siages of fishes that cannat
survive in the strong currents of the channei thalweg. Storage of bedioad in the reservoir and consiant clear
water flushing downstream artificiztly depletes gravel and finer sediments jn the tasiwaters, causing armour-
ing of the bed with large cobble and boulder substratum {Simons, 1979). Large rocks eroded from the can-
yon wails ang coarse bedload from tributarics jam the channe! and mcrzasc the size of rapds over time,
becavsc pezk flows are insuflicient to scour and transport the largest materials downstream (Dolan e al.,
1278}, Channel constrictions and hebitat simplification occur as the channel downcuts and niparian vegeta-
tion invades to the top of the varial zone in aggraded reaches, ewing to loss of upstream scdiment supply and
loss of scouring fiood Aows (Johnson, 1994; Church, 1995),

The gencral conclusion is that regulation creates a discontinuum of envirunmental conditions and severs the
connectivity of channel. groundwater. floodplain and upland components of the catchment ccosvstern; habi-
iais for nverine biota become spatially homogenous. limited to the permanently wetied portion of the channc!
thalweg that is dominated by conditions dictated by operations of upstream storage reservoirs (Figure 5).
Indecd. serial construction of low-head dams has converted virtuaily all the mainstems of the largest rivers
in USA. Eurepe, Sweden and Finland into shallow reservoir habitat that is ncither truly facustrine nor riverine

2. Native hiodiversity decreases and non-notive species proliferate. Wative biodiversity almost always

decreases afier regulation (Minckiev and Deacon, 1991: Ward and Stanford, 1991: Moyle and Leidy,
1992. Stcvens ef ai, in press). as conceplualized in Figure S compared with Figure 2. Vital core
popuiations may be extirpated and satellite populations may become increasingly isolated by regulation
schemes. Morzover, for anadromous species of fish mortality resulting from passage through dams and
reservoirs on the mainstem may be selective for certain of the geographically diverse populations that usc
the mamstem as a common migratory pathway. thercby reducing biodiversity and increasing the
probability of metapopulation extinction (Harrison and Quinn. 1989: Reiman and Mclntyre, 1993)

Altered temperaturce patterns and continual export of very fine organic matter and dissoived nutnents,
coupled with simplification of the channel. stabilization of bottom substratum and loss of fvodplain inua-
dation, promotes environmental conditions to which native species arc poorly adapied, opening opportu-
nities for non-native plants and animals to establish robust populations (Stanford and Ward, 1986, Li er
al., 1987: Pfiieger and Grace, 1987. Bain er a/.. 1988; Shannon e al., 1994}, In some cases ong or a few native
specics are more abundant than they were before regulation (c.g. Poe er g/, 1951). But, the most pervasive
result of habitat change produced by regulation is the proliferation of non-nutive species, Non-native inver-
tebrates and fishes are consistently more abundant in regulated compared with unregulated river reaches (Li
et al.. 1987; Bain ¢r af., 1988). Native npanan plants cannot exist on dewatered floodplains. which cpens
niches for exotic. dryland plants. Moreover, owing to loss of scouring flows, exotic and some native riparian
plants choke the periodically saturated area of the shoreline above the narrowed varial zone and exotic
hydrophytes usually invade and quickly deminate shallow water habitats (IDecamps and Tabacchi. 19%4;
Johnson. 1994). Explicit reasons for non-native proliferation in repulated rivers vary, but. in gencral,
non-natives are simply betier competitors in the homogenous habitats of regulated rivers, plus the fact
that 2 wide array of non-natives have been purpesely introduced inte regulated rivers

3. Biophysical conditions reset predictably in relation to infiuences of iributaries and as distance downstream
Jrom the dam increases. The serial discontinpuity concept (SDCY (Ward and Stanford, 1983, 1985b) explicitly
acknowlcdges the inherent connectivity of the river continuum and predicts that the conditions described
sbove will ameliorate downstream as a2 natural consequence of the biophysical encrgetics of rivers. The
spatial rate at which reset occurs and its manifestation relative 1o position within the river continuum
(Figure 5) is related to the limnological attributes (depth, volume, water relention time. trophic state) of
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e reserveir, the mechanics of water relezse (surface, bottom or depth selectivel, the mode oi dam
operations zad the influence of tributzanies catening downstream from the dam. if the tributaries sre large
and uarspulated. they may substzntially mediate the reset {Stanford znd Hauer 1992} In any case
conditions zt some point downstream from the dam will closely approximatc conditions elsewhere in the
continuum. Thus, upstream or downstream shifts in biophysical conditions mediated by dams manifosi a2
predictable discontinuities in ithe river continuum. For example, biophysical conditions 2t scme
predictable point downstream from 2 large botiom release {bypohmnial) dam in the moniane transition
of & temperate latitude siver wili be very similar 1o pristine conditions far upstream, because of the cool,
clexr waier released from the reservior. In rivers that am free fiowing for long distances downsiream from
iarge dars in the moniane reaches, the position of the rhithron-potomon transition car be predicted
from the operational mode of the dams relative to the influence of tributares.

The predictions of the SDC along the longitudinal dimension have been largely substantiated (Stanford o7
al., 1988, Ward and Voelz, 1988, Hauer er al.. 1989; Stanford and Ward, 1989; Ward and Stanford. 1990
1991; Munn and Brusven, 19%1; Sabater ¢f al.. in press), although recent incorporation of responses of large
floodplains {(Ward and Stantord, 1995k) require additional resolution. The main point is that the scological
consequences of specific regulation schemes are largely predictable, and environmental degradation asso-
ciated with regulation can be ameliorated. We recognize that uncertainties derive from interactions with pol-
lution and the introduction of exouc biota. However, pollution can be curtailed or eliminated, and non-
native biota are likely 1o be substantiaily less successful as invaders when dams zre operated in ways that
maximize resets of environmental heterogeneity.

RESTORATION PROTOCOL

The era of dam building may be over in much of the werld because high efficiency and 2fordable dam sites
are already developed. Loss of biodiversity and bioproduction, especizlly riverine and anadromous fisheries
(Frissell, 1993; Welcomme 1995). underscores the need for restoration of regulated rivers and encrmously
expensive reconstructions arc underway or are being planned (Dahm er al., 1995; Gore and Shields,
1995}). Even removal of large dams on large rivers is included in some restoration plans because the costs
of damage to fisheries and other attributes of civerine integrity in some instances far exceed the commercial
value of the dams. Removal of large dams is obviously problematic in & variety of ways, such as the mobi-
lization of large volumes of fine sediments stored in the reservoir busin, and methods for evaluating removsai
strategies have been proposed (Shuman. 1995). A varicty of approaches exist for restoring small streams with
substantial emphasis on engineered structures such as weirs, off-channel ponds, rock gardens (Gorc and
Shields, 1995) and many other artificial habitar structures (Hunter, 1991). Commercial operztions advertise
engineering expertise for bulldnzing damaged streams back to pre-regulation channel configurations and
storics of restored fisheries and improved water quality abound in the popular literature, although scieatific,
long-term evaluations of such schernes ars much less availzble (Sear, 1994). Structures placed insiream are
ofter: washed out. fail to restore biodiversity or produce uranticipated negative responses. such as increased
bank srosion or acceleraied deposition of fine sediments (Frisseil and Nawa. 1992) and increzsed water iem-
peratures (C. Frissell, unpubiished data) associated with weirs and rock gardens. Such problems largely
denive from lack of attention to the conceptual foundations of river ecology and the first principles of the
ecology of reguiaied streams,

Formalize the problem at catchment scole

Restoration of large, regulated rivers begins with recognition of the river continuum and evaluation of
the loss of scosystem capacity to sustain biodiversity and bicproduction. Biologicei (e. 2. past and prasent
distribution of native biota} and physicai (2.g. channet configuration) indices of ecosystem resilience are
needed (Frissell ef al., 1953); measures of bioiogical integrity as defined by Angermeier and Karr (1964)
may be more useful than biodiversity per se because of the difficulty of accurately determining the distri-
bution and abundance of benthos, fish and other river organisms. Habitat requirements for all life history
steges and generation umes (turnover rates) of native, keystone species (i.c., top carnivores and other
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strong interaciors capzble of structuring tood-webs: Pawer o al., 1995 raay clanfy sputial und temporz
scales in large river restorations.

In general. the entire catchment. from headwaters to the ocean. is relevant. In the case of fvers that sup-
port anadromous fisheries, estuarine and ocear habitats connect functionally to the rivesine COMPORantS.
Mazihemutical models can be used very effectively to formalize understanding of the cffects af regulation
and interactions with pollution asd food-web manipulatior within the fver contiruum. but models should
not be used exclusively to define a restoration strategy (Hall, {988h). The process must be inferental from the
entie body of quantitative and qualitative information about how river regutation and interactive effects
have alterd ecosyslem capacity

Restore environmenial (hahitat) heterogeneity but lot the river do the work

| The marn goal is {o reduce the range of human disturbances so thal interconnecled riverine habitats {Fg-
ures 1 and 2) can support diverse and productive food-webs, including species of special social and economic
intersst, Management should strive to restore cnvironmentai heterogeneity and reduce or climinate sources
of mortality from poilution and overharvest. Keep in mind that riverine biodiversity and Bioproduction are
lergely controlled by abiotic drivers (Figure 3) and that density-dependent relationships, such as the stock-
recruitment reiations often used to determine fisheries harvest prescriptions, rarelv manifest prediciably
owng o natural abiotic variation (Hail. 1986; Hall, 1988a: Pimm, 1991; Huszon. 1994).

Owing to the importance of fiow to habitat maintenance. and temperature to fowd-web cnergetics. highiy
significant restoration is possibic simply by reregulation 1o allow more natural seasonality of flow and tem-
perature. We call this restoration of pormative habitat conditions. where the norm or standard is established
{rom whal is possible in 2 naturai-cultural context as opposed to striving for pristine conditions which arc
difficuit, if not impossible, to define or achicve, at lzast for entire catchments. Removal of dams certainly
should be considered and. where possible. done; but. restoration of nermative habitat conditions is possible
m many if pot most regulated nivers without taking dams out. Howcever. channel revetments are problematic
because the objective 1s to reconnect channels and floodplains.

Peak flows are needed to scour 2nd rearrange substratum and reconnect fioodplain habitats with the chan-
nel. spatial 2nd temporal lemperature variability promotes re-establishment of native biodiversity Figures 2
and 5). Peak flows needed to re-establish cut and &l ailuviation (cailed cffective lows by geomorphologists)
may or may not be equal to bank-full, and gravel suppiy may be limiting owing to storage of bedload in the
reservoirs (Ligon e: af., 1995). Effective flows can rapidly degrade (downcut) entire segments when sediment
mass bhalance relations change as a consequence of regulation (Andrews and Nelson, 1989). Adding sedi-
menis 1o regulated nvers {e.g. using slurry pipelines from reservoir deltas) should not be out of the realm
% of consideration in sitvations where insiream sediment supply is imited by years of regulation. However,
1 : overbank flows 1n many cases will initizte cut and fill alluviation in an ecologically effective manner, supply-
i ing sufficient sediment from lateral erosion.

We empbasize that reregulation of flows requires careful evajuation of channel morphometry, bed-sedi-
ment size distribution 2nd shezr stress in relation to the range of possible flows. A great deal of geomorpho-
fogical study and modeliing has been devoied to this problem in recent years (Andrews, 1980; Andrews and
Nelson, 1989, Kellerhals and Church. 1989; Deitrich e a/., 1993; Church, 1995) and more work is needed. In
general. flows that mobilize substrata of median particle diameter will build bars. cut overfiow chapnels and
dig poois. Determinalion of peak fiows is compiicated by dense, often senescent. thickcts of nparian
. vegelation on the floodplains of regulated rivers. Repeated scounng fows will most likely restore riparian

successional vitality. Anaual temperature patterns similar to pre-regulation conditions. which will direetly
mediate restoration of biota. can often be attained by depth selective withdrawa! structuzes on the dams
{Gore. 1985)

Of course, restoration of overbank fiows may be problematic in many rivers where humans have colonized
the floodplains. In these cases. revetments have eften been extensively buili to restrain food flows. Reregu-
lation to produce overbznk fows may not be practical. However, floods of record will most likely resuit in
overbank flow even in mienscly regulated rivers. because natural storage on fioodplains throughout the con-
uinuum has bren drastically diminished. Revciments tend to act as dams during very large floods on
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Figure 6. Simulated annua! discharge (m? s x 10, mean monthly flow} patterns i the Hunford Reach of the Columbia Ryver, LSA,
The same volume of water passed through the reach in cach of the three scenzrios 1denved from US Geolngicul Survey date, Reston,
Virginia, USA}

aggraded rivers and extensive scoering of floodplain surfaces ocews if revetments are hreached. Recent
floods (1993-1995) of such magnitude in large rivers of western Europe. southern Scandinavia, Bangladesh
and the USA provided evidence of the value of vacating fioodplains to reduce the human costs and exploit
natural flood pulsing {Sparks, 1995)

The strong inference for management is to protect uncolonized floodpiains by re-establishing periodic
overbank flooding, allowing the river to rebuild habiiats. Elsewkere. incentives will be needed 10 gat peopic
t¢ vacats floodplains so that revetments can be removed allowing reconnection of chennels and floodpiains.
If that is not practical or desired by stakeholders, development of strategies for reconnesting severed lowland
floodplain wetlands and backwaters by use of lateral low control structures may be useful (Gore, 1985; Gore
and Shields. 1995). In situations where alluvial areas have beer: inundated, it may be possibie to lower per-
magently the full pool level of the reservoir, allowing riverine cut and fil athuvianion tc reconfigure and
resiore drowned floodplaias. As in dam removal, this scenario requires careful evaluanion because sediment
transport dynamics may be different from those that occurred prior to regulation

Whereas peak flows are needed to restore natural habital helerogeneity, usually stabilization of base-
flow fluctuations wiil aiso be needed 10 revitalize the vanial zone of the channel (Figure 1). Establishment
of sustained baseflows restores biodiversity and bioproduciien in shallow water habitats, which are cri-
ticelly important to henthic insects that must emerge from the shorelines of rivers, and small fishes that
must reside on ot near substratum in low velocity habitats (Perry and Perry. 1986; Weisberg e ol 1990;
Travnichek er al., 1995).

Reregulation in most rivers can be accomplished without substantially compromising storzge or hyvdro-
power (Figure ¢}. Peak flows are built from storage and runoff and rcleased in concert with natural runcff
timing in the cawchment (Figure 4) In wet years, peaks can be reregulated to approach foods of record,
depending on the release capability of the dam. Very high flows are not aeeded every year 10 maintain
instream and floodplain habitats nor is the historical duration of floods likely to be reguired because
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mest of the sediment is moved or: the msing limb of the hyvdrograph. In vears of average catchment water
yieid. a modest peak flow can be generated, while also clevating hasefiow to accomplish the purposus for
which the dams were built, In dry years, peak fiows can be minimal or non-existenmt (Figure 4). The straiegy
iz simply to lower the baseflow a little 10 builé peaks in relation 10 catchment runoff. In it years it is essential
19 preven: massive dewatzring of the varial zone dunng basefiow periods: expheitiv. this means that daily
changes in flow (ramping rztes) should not exceed the range of vartation that cocurred befere regulation
(Figure 4).

Operasors of hydroelesiric dams may object e rereguiation recommendations as depicted i Figure 6§,
becavse of the potential constraints on generation of peak power und concern often exists that the lzgal
reguirements for electrical load control cannoi be met. On the contrary, load control can be performed with-
out ramping flow bevend the range of variation observed in pre-regulation periods (Jourdonnais and Hauer,
1993} Loss of peaking is problematic. However. most large dams are part of large electrical marketing grids
and alternatives to hydropower peaking exist today thar were not availabie z decade ago. For example, mod-
ern fucl turbines are verv effective peaking units. natural gas reserves are jarge world-wide and local unilities
are finding gas-powered turbines to be preferrad aiternatives to the purchase of regional hydropower. The
need for hvdropower pesking may wane in the next decade. particularly if the cost of. and public desire
{or, downstream environmental mitigation increases.

i
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Maximize passage efficiency to aflow recovery af metapopulations

Maintcnance of instream and foodplain habitats by restoration of peak flows and revizalization of shallow
and stack water habitats by stabilization of haseflows will increase ecological connectivitiy along all three
spatial dimensions. However, in the absence of dam and reservoir removal, optimization of dam and reser-
voir passage efficiency for biota is required to reconnect the longitudinat dimension (Figure 2. Mechanisms
for significandy reducing moriality of juvenile and adult fish as they pass hydroclectric dams inciude Sowiag
lzdders. travelling screens, surfuce-release attractors and other bypass devices (Gore, 1985). The main point
is that dams with ne, or very incflicient. bypass systems maintain the discontinum and isolate populations.
thereby limiting the gene flow that may be needed 10 restore and maintain metapopulations On the other
hand, the presence of impassable dams in some cases has prevented immigration of non-nalive species
into native food-webs and effectively isolated viable native populations (S1anford and Hauer. 1992)

In many large, regulated rivers. viable populations of native species remain in segments isolated by dams.
Restoration of flow and temperature scasonality and reconnection of these refugia may restore critically
important core arcas, revitalize metapopuiation structure and rapidiy lead to recovery of peaetically and
numerically depressed populations {Sedell er af., 1990: DeVore er al., 1995). Indeed. a primary strategy of
large river restoration should be to identify. stabilize, restore and reconnect river segments 10 core areas con-
taining native food-webs, The expectation is thet native species will recolemize restored habitat from the core
arca (Lichatowich er al., 1965 Frissell and Bayles, 1996). The process can be mediated by artificial supple-
mentation (replanting) of the vestigial stock if the native gene pool 1s propetly culturcd. However, this strat-
egy is fraught with risk owing 10 the complexity of locally adapted stocks (Lichatowich ef af.. 1995). Perbaps
i a hetter strategy is to reconnect the beads and allow the biota 1o adapt. How long this wiil take is a key ques-
T tion; bioclogy itself can be limiting. Time frames for recovery will probably vary {rom years to decaces
! depending on the degree of habitat degradation. the strength of normative conditions and the species
mvolved. We note that hiota in the rivers devastated by the eruption of Mount 5i. Helens, Washington.
USA, in 1980 returned much sooner than expected {Anderson and Wisseman. 1987; Lamberti er af,
1992, Leider, 1989) and chinook salmon in New Zealand nivers developed locally adapted lile histories
within 30 vears after initial introduction (Quinn and Unwin. 1993),

TR

Mininuze plunting of cultured stocks

Contemporary fisheries management is based on a belief svstem that embraces the concep: that joss of
bioproduction and biodiversity from stream regulation can be mitigated by consiruction and operation of
artificia} culture systems. In other words. the belief is that habitat foss caused by siream regulation can be
replaced, il not enhanced, by artificial propagetion. Perhaps no greater myth exisis in ecology. While
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gconomicaily important. non-native saimonid and other fisheries have beep established from: cultured siocks
in river segments world-wide, in almost every case this practice has fatled miserably to mees its abjeciive of
replacing lost fishertes {Lichatowich, in press). Siocking of native and noa-native fish has irrespansibly
compromised native food-wehs around the world and is nghtfully cailed the Frankenstein Effect (Moyle
eral., 1986}, A large body of Hiterature debates this problem; the bottom line is that culture operaticns should
be avoided unless nauve biota are clearly headed for eaninction as a consequence of habital Joss {Minckley
gnd Deacorn, 199%; Hilborn, 1992) Even then. culiured stocks cannot be expected 1o re-establish if shey are
simply released back into the same degraded hamiats. Ecological bottienecks that compromised endangered
species in the first place have to be rectified. and the only way 10 do that in large nver systems is 1c restorz
habitat in 2 continuum context.

Be wary of management actions that ettempi to conlrol riverine food webs

Perhaps the greatest uncertamty in rercgulating river systems o restore hot spot connectivity (Figure 2} is
the unexpecied consequence of the inexorable proliferation of non-native biota. Wendell Minckisy ané
James Deacon, the sages of fish ecology in the species-rich American Southwest often rightly noted that
Jocally adapiad fish of the desert are clearly able to desi with extreme environmental vanation, but natives
are quickly depressed or driven to extinction by food-web change associated with invasions of non-native
species {e.g. Minckley and Douglas, 1991). However, restoration of natural Row und temperaturc
dynamics compromises the ability of non-native species 10 sustain viable populations and promaoies
native species (Li ¢7 o/, 1987. Mefle and Minckley. 1987; Bain e o/, 1988). Even with restorauion of
the full range of natural low variation, interacticns with non-native plants and 2nimals will most iikely
continue to be 2 problem for native biodiversity manapgement and conservation.

One alterpative is to conirol non-native populations by aggressive harvest. However, it is very difficult to
do this without also affecting natives, and prediction of the infiuence of the food-web structure is tepuous at
besl. Moreover, 1n some cases one or a few nalive species have become very sbundant in regulated rivers
along with non-natives. For example, native squawlish {Prychocheilus oregonensisy in the Columbia River,
USA, are thought 0 be a major source of predation morizlity for juvenile salmon, which exsst in very depressed
populations (Poe et af, 1991; Rieman er al., 1991) and a very aggressive control programme has been initiated
by paying fishermen 4 bounty for each squawfish cuught. However, food-web structure in the lower Columbia
River is pooriy known, 2 wide vanety of non-native nredators are present and prediciing food-web responses as
well as influences on salmon mortality is tenuous. A congener ( P. lucaws) in the Colorado River is listed as endan-
gered and a very expensive recovery program has been initiated. For many people these strategies seem at cross.
purposes, even thougk the ecology of the two species is very different.

In general, the effectiveness of predator control programmes is minimal or poorly demonstrated even
though it is a very popular management strategy. We agree with Goodrich and Buskirk (1995) that popula-
tion control of abundant native vertebrates should be a strategy of last resort for conservation of rare
patives, Columbia River salmon evelved with squawfish predation and restoration of proper habitats for
saimon smolis clearly should reduce smolt mortality. However, consiraining proliferation of non-native
plants and animals is an obvicus need for conssrvation of native biodiversity,

Again, the preferred approach may be to implement reregulation to restore lost habitat and allow the
food-web to adjust as it wiil. The zvailable body of information suggests thal natives wili fare berter than
non-natives, Clearly, it is advisabie to document and monitor food-web dynamies carefally from a commu-
nity ecology perspective,

Use udaptive ecosysiem management

Any strategy to remediate the effects of large river regulation will require an adaptive approach. Scientists
can be relied upon te document ecological problems by research and synthesis of ernpirica! information on
cause and effect, but the solution of problems must involve knowledge of human pzroeptions and desirss,
which are often different from thai inferred by the strict interpretation of the science (Ludwig e/ ai.,
1993). In most casss, inefficient information transfer between sclence, manegement, policy makers {govern-
menti) and the generat public hinders the attainment of common ground.
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Adaptive ecosystem management (Lze and Lawrence, [586) is a useful process for solving the catchment-
scale probiems discussed hervin. We agree with Stanferd and Poole £1995) who advocate an iierative. slop-
wise approach that involves synthesis of avajiable information in an ecosystem coniext to define the pro-
biem. public participation in goz! setting {e.g. protection and resioraiion of native biodiversity}. research
and peer review to define science-based management actions {e.g.. rereguiation). effective monitoring and
evaluation of management actions and adaplive revision of actions based on new information from scientific
research.

CONCLUSIONS

Reregulation of large river systems fTom headwalters to mouth for the purpose of restoring and reconnecting
hot spots of native biodiversity and bioproduction has not been accomplished anywhere to dete. Qur pro-
tocol should be viewed as an hypothesis in need of an expenmental catchment, Many candidate rivers grist.
We recognize that this analysis has not adequately considered the economic and social ramifications of our
protocoi A fusdamental problem is that the metrics for linking natural and cultural eiements of crosysiems
remain elusive, Perhaps that shortcoming can be solved through multidisciplinary examination of iarge niver
ecosystems using adaptive management, However. the reality is that sustatnahility of natural attributes of
large niver ccosystems is vastly compromised by regulation. Site-specific mitigation activities that ignore
the biophysical continuum hold little promise and can be very costly when continued without evaluation
year after year. The logical alternative is to trv restoring biophysical connectivity of an entire regulated niver
ecosystem using the protocol proposed herein and udapled to the specifics of the selected river. Restoration
of some large portion of lost capacity to sustain native biodiversity and bioproduction seems possible, espe-
cially in large rivers with a subsiantial portion of the continuum remaining in a frec-flowing state The cost
may be less than expected because the river can do the most of the work.
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A classic example of a sustainable fishery is that taropeting sockeye
salman in Bristol Bay, Alaska, where record catches have occurred
during the last 20 years. The stock complex is an amalgamation of
several hundred discreta spawning populations, Structured within
lake systems, individual populations display diverse life history
characteristics and local adaptations to the variation in spawning
and rearing habitats. This biocomplexity has enabled the aggre-
gate of populations to sustain its productivity despite major
changes in climatic conditions affecting the freshwater and marine
environments during the last century. Differant geographic and life
history components that were minor producers during one climatic
regime have dominated during others, emphasizing that the bio-
complexity of fish stocks is eritical for maintaining their resilience
to environmental change.

climate thange
bodwersty

resihenge  Paafic salmon  enaangered species

A 2 ume ¢f growing concern abou the sustainability of many
of the worfd's fisheries, several stand out as providing
loag-term sustainable yicld, Among the most promiment suc-
cesses are Lhe fisheries for sockeye salmon in Bristol Bay, Afuska
{Tig. 1). that have seen record rerurns and caiches i the fast two
decades, This suceess is due in part 1o severud fuctors meluding
(1) favorable occan conditions in recent decudes, (1) o single,
accountable management agency, and (i) u well established
program of limited entey to the fishery. However, the hiocom-
plevity of the stock structure has also plaved an critical role in
providing stability and sustainability, Here we provide evidence
for the effects of biocomplesity on sustiwinabiliny and emphasize
that conserving bincomplexity within fish stocks s imporiant for
mpintaning their reslicnee 1o fulure environmental change.

The Biodiversity Of Bristol Bay Sockeye

Homing of Pacific saimon (Oncorinnchus spp.) 0 their natild
sites results in reproductive sulition of populations. allowing
natural selection 1o operate on henitable phenotypic traits, and
the result is o wealth of distiner, locully adapted populations (1.
23, Socheve salmon (Oncorhynehus nerka). for example. display
a wide variety of life bistory types, cach ussociated predictably
with certain breeding and rearing habitats (3). The diversity of
phenotypes thus reflects the ndaptation of populations 1o the
diversity of suitable hubitats, Spawnmg by sabmomd fishes
generully takes place i latic habitans. and Brisiol Bay sockeye
salmon spawn in strewms and rivers ranging from 10 em toseveral
meters deep. and in substriste ranging from small gravel ta cobhie
{2 3). Some creeks hine spring-fed ponds with much finer
substrate and deeper, stowly flowing water, and these oo are
used for spawning, Sockeve also spawn in groundwater-fed
heaches at the vutwish areus of rivers and along hrllsides with
substamind groundwater inputs, In these habitets, sockeve may
spawn from the shoreline o depths of several meters. Finally.
sockeye may also spawn on the rocky beaches nf low-Iving islands
that are oo {lat 1w develop groundwater but where wind-driven
sorfuce currents are sufficient to deliver highly oxyecnated water
i developing embryvos buried in the coarse gravel (A

Adult sockeve display a suite of adaptations to the diversity of
spawning and incubution enviropments, seen repeatediy {rom
one site to another (Table 1), First. the date of spawning reriects
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Fig.1. Map of 8ristol Bay, Alaska, showing the major lake systems produting
sockeye salmon ana tne associatec fishing districts. Figure 1s edapted from
Minard ang Meacham (37}, wnien also gives an overview of 3ristol Bay sackeye
management pracices.

the long-term averuge thermal regime experienced by incubating
egps and the timing of foud production for juvenile salmon in the
spring. Simply put. the adults spuwn ot 4 date that. given the
average thermal regime. will allow the embryos o complete
cmibryonic development and emerge in time to feed on agquatic
inscets and zoopiankion the following spring (7). Salmon spawn
curly (late July to mid-Auogust) in smadl streams that expernience
coldh wwmperatures during incobation but spawn later (Jate Au-
ust to October) in farge rivers and lakes that have substantial
huat storage capacity (8).

Not only the timing of spawning but also the average size of
the eggs reflects the habitatspecilic festures of the mcubation
environment. 1n general, sulmon have very Jarge cggs compared
with other teleost fishes (). The development of such lirge
embryos is possible because the cold, bighly oxvpenated water
counters the surface-toovalume constraing against large eegs and
hecause size-selective predution {10} and competition Laver lirge
juveniles (11}, Larger adub salimon hive both farger und more
numerous eggs than smaller szlmon, but the energetic con-
striints on the female result moradenifs between cgy size and
eon number that are popuiation-specific. Sockeye spawning 1o
rocky island beaches have unusually large egas (12). This takes
advantage of the well oxveenated waier and lurge intersutial
spaces among the racks o provide the offspring with abundant
volk 10 help survive the prolonged posihatching period tha
reselts from early spuwning. In addirion, large cggs may be less
vulnerable 1a sizesselectve predation by sculpins (Coraes spp))
(13). In contrast 1 the islund spewners. the eges of fumales
spawning i sireams ind rivers are of intermediate size (match-

Tha paper vias suom tted deect'y {Track 1)) 10 the PNAS atf.ce
oobrev.ations ENSO, Bl Nika Soutinern Ote.. et'on; FRQ, Pactc Decadai Dsalianan,

*To whom (oresponcence 1hoald be addresied ©mail. suyh@u wiash ngton edu.
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Table 1. A summary of life history variation within the Bristal Bay stock complex of sockeye salmon

g'ement of biotomp exity

Range ot traits or opt'ons found
jo!

Watershed ocation within Bristo’ Bay compler

Seven different major watersheds, ranging f-om maritime-influenced systers on the

Alfaskan Peninsula to more cortinensal systems

Time of adu't return to treshwater
Time of spawning
Spawning habitat

Jure-September
July=-November

Body size and shape of adults

Major rivers. small streams, spring fed ponds, ma n'ard beaches, s'ard beaches

130-190 mrr body depth at 450 mm male lencth sieek, fusitorm to very deep-bodred, with

exaggerated hurmps and jaws

Egg size
Erergetic allocation within spawnirg period

Time spertrearing in freshywater
Time spent at sea

-3 years
1-4 years

88-116 mg at 450 mm female length
Time between entry into spawning habitat and death ranges from 1-3 days to several weeks

ing the stze of incubution substrates). and those of females
spanwriing in ponds and mainland beaches are very small, appar-
ently an adaptation 1o the Juwer oxvgen levels and reduced water
circufition o the finer sobstrates thet characterize these envi-
roaments (12),

In addition w the adaptations of salmaon for egg incubation the
adults show hubitat-specific tradeolfs between the pressures of
sexual and natural selection, 1n the absence of intervening
selection. large and deep-bodicd male salmon have more op-
purturitties to mate than smaller. [ess deep-bodied individuals
(34). Large females have more and Targer eges (12) and can bury
them deeper (13) than smaller females, However, size-selective
predation by bears (16-18) and physicnd access to shallow
streams (18 193 favor smaller fish in the evolution of hody size
and morphotugy, The resultis thut sulmon spawning on mainland
and island beaches. where there s little predation and no
difficulty of access, are deep-bodied for their length compared
with sockeye spawning in rivers und crecks (19). In addition. the
QVRFAge age aE maturity is greater for sockeye spawning in lirger
rivers than in smaller creeks (19, 241,

The dimensions of biocomplexity in Bristol Bay sockeye are
summarized in Tabie 1. Because it s relatively casy 10 study
sulmon during their spuwning period, we understand the diver-
sity of life history strategies during this life stage betier than for
the frestwater rearing or marine portion of the life history,
However, there is variation among lakes and populations within
lukes in the proportion of salmon spending 1 or 2 vears in
freshwater before scaward migration and in the merage size of
smolts (21), and in the degree of divenal predator avoidiince
exhibited by juveniles (22). Such veriation. combined with
variation in size after o fised period of veean residenee (18),
sugeests fur more diversity in foraging and survival strtemies
during these kier two periods than we vet understand. Thiy
mixture of life history stritegies and local adaptattions within the
Bristol Bay sockeyve s likelv what buffers the stock complex to
lurge-scale changes in eavironmentul conditions, and thus, pro-
svides its long=term: stability,

Changes in Freshwater and Ocean Environments

Eavironmental condittony in bath the freshwater and maring
sysfems of the North Pacific Ocean have shown several substan-
tial and important modes of variability relevant 1o the ccology
and evolution of sockeye salmon. Time-series anzlyses of salmon
catcies and climatic conditions during the last century demon-
strate that salmon populations have responded o climate vari-
ability acrass wide spatial and temporal scales (233, The domi-
aunt modes of temporal variabilite in ammaospheric-oceanic
conditions are attributable o subdecadal pautterns associated
with the EF Nifo Smnhern Oscillution (ENSO) and to the 5U- to

Hdborn ut af

F-year (mierdeendal) climate oscillitions that have operated
over the North Pacific Basin for at Teast 300 vears (24).

The imterdecsdal changes tn marine-wmospheric conditions
that appear ta be linked 1o ascllations in the strength of the
winter Aleutian Low pressure cell hine received particular
attention reeently, This Pacific Decadal Gseillistion (PDO) (25)
is a pan-Pucific phenomenan that is disting from other sourees
of ciimate variahility in the Pacific (26). Positive phases of both
the ENSO and the PDO are associmted with warmer than
average winter temperatures along the North American coast,
cooler than average temperatures in the cenmrul North Pacific,
and Jow atmospheric sea level pressure over much of the North
Pacific basin {23, 260, However, whercas ENSO ovenis {ast from
12-18 months and occur every 2-7 vears, the PDO involves
abrupt lransitions in atmospheric-marine physical conditions
that are stable und persist for 20-35 yvears (24, 23).

Marine ceosysterms appuar to respond in a strong. nonlinear
manner o apparcntly subtle changes in the marine physical
conditions associated with the PDO. Many hiotogicul features of
the North Pacific show prominent chunges beiween interdecadad
phases of the PDO. These profonged modifications in ccosystem
arganization assoctated with changes in atmospheric-oceanic
coupling have been termed regimes (27). The productivity of
Aluskan sockeye salmon populations appears 1o be among the
more sensitive biological svstems that respond o interdecadad
climaic shifts and s strongly coherent with changes in the PDRO
(23, 20). Biological responses to the PDO scem 1o be refated 1o
changes in nuarine phyvtoplankton productivity that are transmit-
ted through zooplunkton o fishes {28-30, Although the exact
mechanisms for the linkage between vccan physical processes
and salmon production are not understood, the largest effeets
appeiar o oceur carly in the marine life history of salmon,
pussibly s they move from sheir freshwater nursery habitats
through nearshore marine systiems (23),

The terrestrial ccosvstems ol Alasky have also expericaced
substantial changes in climate during the last contury that appear
to be refated to the sume shifts in stmospieric conditions thal
drive variation in marine svstems, For example, the length of the
annuel growing season in interior Alaska has increased from
=130 days 1o = 135 davs since the 1930s (31). This lengthening
of the growing season is also apparent in the timing of the spring
thaw n sockeve nursery Takes i Bristob Bay (unpublished data.
Much of the shift in growing season occurred during the hue
Fi70s, ot a time when the marine environment was exhibiting
substantinl, ceosystemewide responses wr @ shift in the PDO (33).
In general. interfor Alaska hus had relatively warm and wet
conditions in the list two decades since the 1R77/78 PDO shilt
(251 Time-series comparisons between constad river FPlows amd
the PDO index demonstrate significunt femporad coherence
beiween atrmospheric conditions assoetuted with the PDO and
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Fig.2. {Cormparisons of the average annual PDO index for 1900 -1998 (£) {ref
26 and Fttp: | tag.atmos washington eaw pda) and annual sireamflow for
nwo roastal rivers in soutnwestesn Alaska All ime series have been normal-
1zea 10 the long-term mean (A and 8) The cross correfasion plos (CCF)
pewween normalizee annual flow for each of the twa rivers and the annual
average DO index. Lags ase showr tor 1-yearincremants Horizontal lines on
Aand 8mark thesignificance bounds (P = 0.05) Historical streamilow (annual
ftdg ) s shown or the Nuyakux River (59°56 0B N, 158°11 16" W, @) in the
Upper Nushagax drainage near Dillingham, Alaska (1954-1989) and {or the
Kenai River at Cooper Landing, Alaska (60-29 34" N, 149°28 28" W, D} for
1948 - 1958,

the hvdrologic conditions in sockeve spawning und nursery
habitats (Fig, 2} When we use the Kenal River und the Nuyakuk
River as oxamples, wo see that climate regimes associated with
puositive phases of the PO are characterized by relatively high
stream flows, whereas negative phises of the PDO are associated
with below-average Tlows (230 33),

Temporal and spatial vanation in the hydrology of spawning
and nursery habitats bave important imphications for both the
spawning success of adelt suckeve and for growrh and survival
of juveniles during their freshwater residency, For example,
access 1o small spawning sircams by adulis s impeded doring
vears with low flows (19) whereas aceess to spawning habitat op
lake beaches muy be much less dependent on hydrologic pat-
terns, Survivid of smolts during their seaward migration may also
be enhanced during periods with high flow because of reduced
vulnerability to freshwater predators. [n general, vears with high
stream flows coincide with vears of Tuvorable near-shore marine
conditions such thit sockeve productivity muy be enhanced at
several stages of their life history (23),

There s apparent coordination among several critical physical
and bislugical conditions important 1o sockeye salmon biology.
Nevertheless, an outstanding characterisiic of the responses of
Bristol Bay sockeve to climate variation is thit not all populu-
tions appear to respond coherently 1o documented shifts in the
environmient. We argue that this population-specific variability
in respoase o climate fuctuations s ultimaiely responsible for
the resihience of the entire Bristo Bay sockeve stock

Historical Patterns of Stock Productivity

Tu iliustrite the importance of bicomplexnty of the Bristol Bay
stock comples, we have broken down the historical sockeve cauich
into the contributions from the theee major fishing districts
{Noaknek /Kvichuk. Egceik, and Nushagak) (Fig, 3). Before the
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Fig. 3. Catch history of the three major fisiing areas wittin 3risiol 33y,
Ataska Contributions of 1he minor cisiricts, Ygashik and Togiak, have aver
aged 4 8% since 1955,

19505, we do pot have estimates of the sumber of fish spawning
in each river system and must use fishery careh as a surrogate for
total run, but all major fisheries were already well developed by
the carly 2thh century and caich is an execlent metric of tolal run
size. We see thal initially the Nuknek/Kvichih was responsibic
fur most of the sockeve production. with the Nushagak o close
second and Egegik a small contributor. In the middle pan of the
20th century, the importance of the Nushagak diminished.
whereas Egepik remained roughly steady. and the Naknek/
Kvichuk dominuated. driven almost exclusively by the Hinmna
Lake populunions. During that period. the Bristol Bay fisherywas
essentially o Nuknek/Kvichuk fishery, With the PDO regime
shift of 1977 the Egegik run expanded greatly, so it was often a
least as big than the Naknek/Kvichak, and the Nushagak system
remained a small bur steady conrributor o the total fishery. 1o
the 1990s the Naknek /Kvichak contribwtion declined dramini-
caliv. Egegik dinnnshed, whereas Nushagak increased slightiy o
become, in some recent vears, the most important fishery in
Bristol Buy. Even within the Nuknek/Rvichak district. the
contribution of Ninmna Lake is now so smail that it requites
speciat protective fishery management 1o allow fishing on the
Nuaknek populatiuns,

Sinee the 1930k visuzl counting towers on the muor fivers
leading into the luke systems have provided refiable counts of the
numbcer of fish passing through the fishery on ruge to their
spawning sites, The number of recruits per spiwner is the total
number of aduh retwrny from o spawning vear divided by the
number of fish that spawned in thut brooad vear, and 15 4 measure
of per capita reproductive success. We colculated this for
individual svstems within fishing distrivts associared with cach of
the major rivers in Bristol Bayv 1o demonsirate the temporat
chunges in their productivity {Fig. 4), In Fig. 4 we see the
Nuknek 'Kvichiak broken into its two dominant components: the
Kvichak River-Lake Hiamna system and the Naknek River
system. The Nushaguk fishing districr consists of three distinel
lake/eiver systems: the Tgushik, the Wood, and the Nushagak
(nat shown in Fig, 43, Finally the Ugashik system s the most
remate of Bristol Bav's sustems, located on the Alaska Peninsuta.

Twafeatures are important in Fig, 4. the ubsolute number ot
reeruits per spawner ind the temporal trends. The Kvichak and
Wuood systens have produced the fewest recruits per spauwner.
generilly 2-4, whercas the Naknek averages =4, und the Egepih,
Ugashik und lgushik show considerable variability but averuge
more than Kvichak und Wood. Egegik showed the Targcest
increase after the 1977 regime shift. This rise in survival was
wrezely responsible for the upsurge in ahundance of Egegik
suckeve after the shite, The Ugashik system also showed a

Hibon el a



Sahagk B! L‘:."i.

.m i

Recnmts poer apaw ner

Lrashik Wbt
N
“ m
Ii
Ty “y r 2 /Dpr e oy 'Jr
Yuar

Fig. 4. Number of retruits oer spawner for ditferen: Bristol Bay sackeye
salmon stecks Values 1€ wese trurcated, the manimum wvas 27 & for ko
Ugashuk River in 1978

drumatic mercase i survival argund the regime shift, whereas
the Kvichak. Naknek, and Wood sysiems \hum.d hintle response,
Indeud. the Kyichak svstem has shown a drumatic reduction in
productivity fewer than one recruit per spawaer (e, helow
replacement even without fishing) since the mid-1990s, Tt iy
important to emplasize that none ol these like systems have
been affected by habitar degradiion From Enl_s,mn mining,
agriculture, bydroclecrric dcn.lo;:munt. or urbanization preva-
fent elsewhere. nor hine they been colonized by non-pative
specivs, Thus we are able 10 attribute the changes in productivity
to natural ecological processes rather than any dicect anthropo-
2ENIC Nk

These changes in productivity are not a response to chiinges in
escapement and consequent compensators mortadiiy {32}, The
dramatic nerease in Egegik productivity from brood vears
1976-1988 comcided with a shght incrcase in average cscape-
ment, ruther than o deerease. which would be required
generate higher reeruits per spawner due to compensation
Similarly. the decline in Kvichak/Naknek productivity in the
199t did ot currupund o significani change in average
escapement, nor did the inerease i Nushagak svstem pmdm.-
vty (pdl‘llLU'.lI‘[\ the Wood River) correspond to any significant
change in escapement levels, In all cases the trends in escape-
ment were subtle and in the opposite direction reguired for
compensation o have been responsible for the observed dvnamics,

Within the Kvichak/IHamna svstem we have acrial surveys of

100 different spuwning locations, We have chassified these

weations into three types: ponds and creeks, large rivers, and
fake beaches, Fig. 5 shows the historical trend in the aerial counts
of these sies, s.mph.m/.n& strong contributivns from river-
spawning fish in the late 19705 and 1980s, overlaid on o sustained
duchne m the proportion of fish spawning on beaches. The life
history patterns of beach spawners are quite differemt from
pond/creck and river spawners. and changes in like Jevel. ice
cover, and temperature associated with regime shifts may affect
silmon using these habitar tvpes dlfh,ruul\ I'his suggeste that
shifts we have seen between Naknek /Kvichak, Egegik, and
Nushagak may well be taking place on a muck finer scale within
indnvidual svsiems,

The brocomplesity of Bristo] Bay sockese imohves course-
scale geographic structure organized an the seale of lake and river
svstems, fine-scade geographic structure associated with distinet
spawning streams, beaches, and ponds. and severul dimensions
of life fustory varintion within this geographic struciure, The
muintenance of the salmon runs appears (o be caused by ail of
these levels of biocomplexity. with the strongest evidence buing
for the coarseeseale geographice structure responding diffe antE\
over time. The evidence that the local adaptations have been she
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Fig. 5, The absolute {Upper) and telative (Lower) contributions of sockoye
salmar using three types of spawhing habitats within the lliamna Lake system

since 1967 Data have heen smoothed with a S-year tunning mean to empna-

size the long-term trends

cause of differential response 1o environmentad change is cir-
cumstantiaf, but it s unarguable that the biocamplexity m ali its
dimensions has buffered the stock from environmental changes,
The fixed vscapement managemeni policy. which closes harvest-
ing when stocks are low, undoubtediy protects stocks during
periods of poor productivity and is the single most imporiam
managemeni woi available w0 protect biocomplexity, Within
mitjor river amd lake svstems we generally do not have sufficient
data 1o determine whether the fine-scaie siructure of biocom-
plexity has been mainttined during the last century of commer-
cial exploitation, amnd such monitoring should be made 2 high
privriiy.

Conclusions

The stability and sustainability of Bristul Bay sockeve salmon
have been greatlv influenced by different pupulations performe.
ing well at different tmes duning the last century. Indeed. no one
associated with the fishery in the 1930 and 1960 could have
imagined that Epepik would produce over 20 miltion fish ir |
vear, nor could they imagine that the Nushagak would produce
mure than the Kvichak, as it has inthe lase 4 vears, 1t appears that
the resilicnce of Bristol Bay suckeyve is due m large pant to the
maintenancy of all of the diverse Tife history siritegies and
geographic locations that comprise the stock, At different tmes,
different geographic regions and different life history stratepics
have been the major producers. 1 managers in carlier times had
decided 1o forus management on the most productive runs at the
time and had neglected the fuss productive runs, the bivcom-
plexity that later proved mmportant could have been tost. Such
loss of biocomplexiny is o characteristic of the salmuon situation
in the Pacific Northwest. where muny stock components were
fost because of dams or deliberate overharvesting in an attempt
e mavimize caich from hatcheries (33). Similarly, in British
Culumbiu there has been a focus an commercially impurtan:
populitions such as Fraser River sockeve salmon and neglect of
the numerous siller populations {34). 1n the 1930s, managers
could have chosen 1o everlook the Egegik or Nushagak svstems,
and st the time the cost would have appeared 1o be low.
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W lawve emphasized the importnce of hiocomplexity on the
larger geograpnic scale, but similiar patterns oxist on ever-smaller
seabes within cach inke system over the range of habitats and Hie
history strategies deseribed curlier. Within lakes, tributarios
show asynchronous shifts in density and productivity. and cven
within tributaries we have seen hubiat uitts affecied by selective
predition by bears, blockage by beaver dams, md other local
provesses. Our ability to measure changes in contribution at this
ievel of biocomplexity is Hmited by our ability 1o assign the
fishery cazeh to fine scale locations. Advances in genetic stock
wdeniification may pave the way for g high resolution analysis of
the role of biocomplexity in maintenance of sustainability.

This work has lessons bevond the conservation of Pacific
satman, There is growing recognition that muny merine fish
stocks consint of amalgamutions of several geographic compo-
nents (35, 36). It would seem prodent ta ey o prevent Jass of
such stock components. including those that appeir. at present,
1o be unproductive. This might necessitate 4 much finer seale of
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munugement thun that which is the current narm. We believe
that long-term sustainability is derived in Jarge pan from com-
plementary patterns of productivity in ditferent stock compo-
neats. Defining the entire stuck as healthy simply because a large
component is doing well might lead to decline and extingsion if
the conditions that fostered the suecess of the healthy compo-
nent disappear and the alternate strategy, which wouid have
done well in the new eovironmental conditions, bus been Jost
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PERSPECTIVE:
FISHERIES MANAGEMENT

Climate Change, Ecosystem Impacts,
and Management for Pacific Salmon

ABSTRACT: As chimate change intensifics, there s increasing mierest i
develnping models that reduce uncertainties in projections of global climae and
refine these projections to iner spatial seales. Foreeasss of climate impacis on
ceosystems are far more challenging and their ancertainties even larger because of a
limired understanding of physical controls on biological systems. Management and
conservation plang thar explicithy account for changing climate are rare and even
those generlly rely on retrospeetive analyses rather than future scenarios of climaric
combiiions and assaciated responses of specifte ccosystens, Using past hophysical
relationships as a auide to predicring the impacts of future climare change assumes
tha the observed reliionships will remain constant. Flowever, this assumprion
involves a long chain of uncertainty about future greenhouse gas emissions, climare
sensitivity tochanges in greenhouse gases, und the ecological conseguences of climate
chanpe. These uncertaintics in forecasting hiological responses o changing climate
highlight the need for resource management and conservation policies that are
robust 10 uirknowns and responsive to change, We sugaest how policy might develop
Jespite subsrandial uncertiinties about the future state of salmon ecosystems,

Cambio climdtico, impactos a nivel
ecosistema y manejo del salmén del Pacifico

RESUMEN: A muedida que ¢l cambin clinvinco se intensifica, existe un creciente
interds en desarrollar modelos gue reduzzan o incertidumbre en las proyeeciones
del clima plobal, y Hlevar estas proyecciones o escalas nuis finas. E1 pronastico de los
mpictos del clima sobre los ecosistemas es mas dificil de abordar v 1 incertidwmbre
asuciada es aun mavor porgue se tiene un entendimiento rudimentario sobre
los controles fisicos en sistemins hiologicos. Son pocos los sistemas de mancjo
comservacion que consideran explicttamente o papel del chima, e incluso dstos
se basan oen anadisis retrospectivos mits que en escenarios futuros Jde condictones
climiticas y las correspondientes respuestas o nivel ecowistema, Al urilizar relaciones
Fiofisicas preesiablecidis como e para predecir los impactos de cambio climiiticos,
se ssume gue dichas relaciones permancceran constontes. S emburoe, esta
suposicidn implica una farga cadena de imprecisiones con respeero o b intensidad
de fururns emisiones e gases de invernadero, sensibilidad clinuitica a fos enmbios en
estos gases, v s conseeuencias ecoldaicas del cambio climdtico. La incertidimbre del
prondstico de Tas respuestns binddgicas a un cling cambiante, resaltan la necesidad
de politieas de manejo ¥ conservacidn gue sean suficientemente robustis 2 esas
incdgnitas v sensibles al cambio. Se sugiere cdme pueden desarrollarse wles politicas
a pesar de Limportante incertidumbre gue existe en tarmo al estado futare Je dos
ecosistemas que alberoan al salindn.

OVERVIEW OF SALMON
RESPONSES TO CHANGING
CLIMATE

fists across all natons of the SNPO have
arearly advanced understanding of Facine
salmon and ther habite. Doring s
time period, environmental conditions o
the SNDPO alvo have shifred substantially
in response tointer-decadal climate van-
alility and longer-cenm warnung tends
{e.r, Schindler et al. 2083, Initial syn-

Pacific salmon are wcons of the nutural
and cultural henitase oF coastal nations
throughout the subarctic North Pacific
Qeean (SNPOY Simce the 19605, scien-
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theses of these data have begun o shed
light on how salmon and their ccosystems
respond o changing dimate.

Pacific salmon are attected by climare
chanee across a hierarchy of coarse and
fine spatnl and remporal seales; each of
thest scodes has distinet implications for
developmen: ot policy that will be robus
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o futere chimaze change. At the scale
ol the enore SNPOY (Fionre 1) Biomaes
of Pacthe salmuon hos ierensed subsran-
aally over the laa cemuuny (Figure 2
Fagers 2009 i press), coincident with
mereases v giobal temperntures (1MCC
2007Y. This increased salmon producion
fas Been especially pronounced sinee the
mid-1970 (Munrua e al 1997 Beamish

ctal. 2JO08) However, srends in bodh ¢li-
matic conditions and silmon produceon
have ot been uniform ascross the SNPOY.
In western North America, mrer-deeadal
prttems of salmon production in norch.
castern stocks (e Aluska) are our o
rhase with preduction regimes tor stocks
m the contenminoeus United Stares and
Canada (Figure 3). This varintion in pro-

Figure 1. Map o tre dstnkuton of salmen nthe

Subarcte Somth Paaihic Ocean (SNPD). Letiers

and carrespording arroves depict 1the Inzazior and rough spatal scales over wmigh dasa from

miguies = anc £ vsere summarized

1I5'E 150'E 185°E 180"

195w Tt 130w

135'w

Figure 2. Total biomass (thousands of metnc tons
nerkal, ans nink salmaon (G gorbuscha) inhabiting

of chum (Onzorfynchus ketar, scekeye (O
the SNPO {(stipplzd arez in Figure 1) from

"825-2005. Data are separatec by species, conlinent of angin (North Ameriza (NA] versas

A3 (AS:, and natchery versus w iz stocks). Not all

hatchery contribiuions are known with high

tendrly 12.g. Iussien pink selmen! so these are combingd with the vild components Datz ae

from zogers (2009 in nesz)

T N& socheye

NA penk hatchery
B MNA chum

& AS chum hatchery

6000

IEAS sockeye SIMA pink
ZAS pink ZAS pink hatchen,
WHA chumhatchery  BAS chum
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[} A :
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duction coincides with wirming trends in
salmon wotersheds and neacshore marine
waters in wesiern Nerth Amcerica, but
cooling tremds o the open waters of the
interior North Pacitie Ocean where moss
salinen feed and matore (Mant e al
1997; Hare et al, 19993,

Arsull finer spouai scales, stocks enter-
inz the ocenn withun 300-80C km of one
another have weakly coherens responses
to changes in tocal occanographic con-
dittons {Moeter et all 2002 Pyper et al.
2205). This repromal colerence in pro-
ductivity 1 most correlated with regional
variation  in suthice  temperatures
(Mueter ¢t al. 20C2), Hoewever, at the
scale of individital popularions, responses
to regtomal shifts in Jdimasic conditions
are diverse (Freure 40 Peterman e ol
1998: Hilkorm et al. 2003 Crozier and
Zabel 2006; Rogers and Schindler 2008).
Further, salmon speaes vary consider-
ably in their responses o regional climate
changes (Hare et al. 1999), Identifying
features of the eovironment and of =salmuon
populations thae produce the Jiversity of
salmon responses o regional climate fore-

s

ing is crivical becanse these are the seales
at which mast management and conser-
vation acuvities operate.

Podicies for managing salmon i the
face of climate change must change i
we !nlpu Iomeet our conservation and
management goals, Qur abilite 1o accu-
rately predic climate impacts on salimon
ceosvilems s incomplete and unlikely
to improve e the peint of accounting
fur the regional response diversioy noted
above. Policies must be robust 1o these
ancertaintics mather than reliam

upon
prescriptive foreeasts of clnmate and

associated ccological conditums, Bome
such managument strategies huve been
sugrested as ways 1o account for climat-
cally-driven changes in salmon produc-
tivn, without the need to understand tiwe
ingricacies of climate impacte on salmon
coosvstems (e, Walters and  Parma
1996; Pererman et al. 2000). For example,
Walters and Parma (1996) showed that a
constant harvest sirategy (e one rhat
exploits @ constant proportion of stock
eich year performs remarkably well ar
rracking long-term fluctuations in stock
prodactivity, as would be caused by ¢l
mate change. The information needed 1o
develop such o strategy relies heavily on
our ability to forecint vear-to-vear varia-
ton in abundance hut does not necessar
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v rely onoan intneare understanding of
the processes cansing chinsically -driven
varation, Givens our linunted predicin e
cupacing  what information shout the
links hetween satmon and cdimate = use-
ful to current policy? In pancutar, how

waght poliy to address chmaie unpaces
on salmon embrace the huerarddn o
spaittai and temporal scales thar Charae-
terize salmon response: aoa chanoime
environment!

Figure 3. Stanzarc 22 zromal es of salmon ~arvesis alo~g the Noith Amgr 230 wess CGast rom

Bate ware smzotnee vi it & S-year <.nn ng mean Abgrsvauors ae ¢ = Crinoak

i i
salman (G mshawytschal, o = 27no salman 56 = sacxeye salmean, = pne sglmon 5C = cater
from Snits Columing, JS = calor ton US Iowe- 28 states, AK = Catch fror Alaska)

Caltch anamoly

|
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= ——BC ¢h co —O—-US ch co ~f~AK so. pi ~0—BC so
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Figure 4. Sotkeys salmon (O nerka) commarc.al caich (mallions of f51) from Eesicl Eay. Alaske,
itom 1£93-200s, apporuoned 1o fve fishing diatncis assacatea with the majar «vers o7 s
region (upaated irom Midbeen et gl 2303). Sata ar2 smotines vain a 3-year runnng mean

35 -
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The need for SNPO-wide salmon-
climate policy

haproved  salmoneclimate  poticy
i+ needed e sl of the spatini scales
desended above. Fint, we believe that
proactive policy developmen: e the
scale of the entire SNPQ s needed o
help minimize fuiwre clineneanduced
polinical contlicts aver the use oi e
prey resources by saimon frome different
nations of the SNPOL AL the saele of the
entire SNPQ, increases in sulmon bio-
mass largely reflect increasiny numbers
of hatchery-refeased salmon from Eurasis
(Figure 2. Epgers 2009 in press) thun com-
pete with salmon rom North American
rivers when they overlap in infernationa!
waters (Noeriyama and Edpaling 2004
Ruggerone ot al. 2005). This suree in
salmon production was concurren: wivh o
seneral cooling of North Pacific wifshore
habitar where submon achieve most ot
their growth {Manzua eral, 1997; Hare er
al. 1999, If the increasing trend in bio-
mass s dependent upon the couling rrends
in this offshore ccosystem, i is not likely
to perstst with ongoing climate warming.
Thus, the insttutional expectation of the
SNPOs capacity o produce sulmon thas
bas developed during the last few decades
may prove overly optimistic as elobal
drmaspheric and upper-ocean tempera-
tires comrinue to imerease. n facr, capae-
aty may decline H thermal characieristics
of offshore habitat eventually swirch -
jectories and, consistent with global cli-
mate model projections, the upper ocean

begins warming. More exrensive use of
the Arciic Ceean by Pacific salmon
partially ofiset any diminished capacity of
the SNPQOL Nevertheless, mrernanonal
coordinarion of management of the open-
ocean commons used by Paaine sulmon
needs reAnement 1o address potential
climare-driven chanees in produczivity.
There is currently no coordinaed vision
for use of the 3NPQ (Hob ¢ al, 2008).

Climate policy at regional scales

Avinwermedinte  (regional}  spatial
scides, policies that govern maintenance
of habuar gualiey and harvest stearepies
could be maodificd © more appropriately
accoun for complex stock structure and
variation in climare nnpaces on Jifteren:
hathitars wsed by salmon. Muloe-decadal
hizh  salmon production
(Beamish et al. 1999 Jue o favarable

regimus o
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ogean conuditions may pusk the erosion o
freshwater and estuwarme hobitmt quality,
and withinestock Brodiversiny, that only
become evident once productivite i the
ocean decrenses. For example, fisherios
fur Orezon coho salmon {Gneorhanehes
fiasrech) appeared to be sobust and sustim-
able from the 1950¢ into the mid- 1970
Thring this period, hatchen programs
arew mpidly and replaced wild stocks s
the principal producers of uvenile cobo
salmon (Pearey 1992). Intense harvess
rates that seemed approprime for hatch-
ery stocks during periods of exceprion-
ally high marine survival proved oo
hich for the long-term sustainahbility of
wild stocks In 1977, a shifi in the staie
of rthe Pacific Decadal Oscrlition vener-
ated @ 2-veur periad of unfavorable ocean
conditions for Oregon coho silmon, The
abundance of both hachery and wild
coho salmon adules plummeted, ~sending
coha salmon popularions and their fisher
ivs into a decline from which they may be
only beginning e recover. Accordingy,
despite their knowledge that harcheries
were enoding the complex stock strucsure
of wild coho salimon that had evolved for
millennia, a 20-vear period of high marine
survival mies led ishery managers to mis-
takeniy believe thar large-scale hatehery
preduction could sustin mnense hsfenes
{(Lichatowich 1999},

Further, Oregon coho sulmon provide
a compelimg example of situanions where
favorable clitnaric conditions and high
survivarl inone habian (e, ocenn) cin
vhecore the deeradation of other habitats
{e.g. freshwater systems). For example,
deerndition of freshwater habiaes can
eeenr during periods of favorble ocean
conditivns that produce bigh marine sus-
vival mees, The degradation of freshwarer
hubitats s onlv desectable once marine
conditioms switch back to 2 low produc-
qvity regime and saltmon populations are
more dependemt on high gueslicy freshwa-
ter habitat. Conseguenthy, o ratcher eftect
con develop on population size and siock
drversiey as climaticalhy -driven conditions
i the ocein osaillnte besween periods of
hugh and low quality (Lawson 1993},

Alhough within-stock diversiey hinders
the development of accurate and generahiz-
able leng-tenn forecasts of elitate impacts
o sialmon ot watershed seasles. pulices
i protect diverse landscapes and ther
potental for diverse coolosieal responscs
are likely mn eBective means 1o hedge bers
awains: furure climaie changes, Ecosystom

and popalation swensitivity w chanuees in
rempurature and precipitation varies she
stantially across the enrire bcizodinal era-
dient thar sabmon veenpy. The eeological
and chmane facrors thay produce e
regional varintion in popubition responses
w chimging climate (co., Hilborn er al.
2003 Crozier and Zabel 2006: Rowers and
Schindler 2005 are poorly understood.
It 1s useful ro think of salmon landseapes
i heterogeneous “hleen” of chinate. The
environmental conditions experienced by
any individual population are produced
from how the overrtding clinie simal s
expressed in their hahimr, as influenced by
its peomorphic, bydrologic, and ecolozical
characteristies. We currently have @ poor
understamding of how landscapes hlier cli-
mate sienals, and how these in tum affecr
salmon populationy. This gk of knowl-
cdue is an impediment (o developing acee-

rate predictions about the tuture status of

specthe salmon popilanons. However, o
some extent. the regional diveesity of popu-
Tatiun responses to elimate change appears
ter derive from local adaptanons of salimon
populations 1o heterogeneity in bindform
and hydrologic conditions (Hilborn ot
al. 2003; Beechie et al. 2006; Crozier and
Zabel 2C06: Raopers and Schindler 2008).
This response diversity impirts resilience
o humim socid sestems, such as fsbheries,
because they integrate ccross s eeologi-
cal heteropencizy (Hilborn or al, 20030,
Focusing regional policy on “salmon Lland-
seapes” will alse he tecessany o aceount
for the rnee of habiis used by salinon
over the course of ther lives, including
migratory corridurs (Martn 2006). in the
Paciic Northwest, where salmon Land-
scapes are bring Jeveloped moest guickly,
such protection of habitat may have w be
especially ageressive to counteract angoing
effects of climine change (Ashley 2006)

Whut science can do to improve
sulman-climate policy

Scicnee can play an important role i
reducing key uncer-
tainties abowr cli-
mate  inmpacis o
which furure policy
canadapt. Areas
that are  particu-
farly ripe for study
and application o
policy include:

"
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When presence/absence is not enough .

Providing eguipment for both aclive and
passive trncking, for accurate and relinble

dala Now with the capabitity o decode “RCaode’
“1 "ﬂ Transmutters

""j Sonotronics

e Developmg quangitaive medels thar
allow privecitons fir temperature, pre-
cipitation. and hydrokogic conditions
tor be relivally dowrscaled o the water-
shed fevel

explotation of the

Thuse models will facilivire

probobiling the
revienal conditons will suppornt salimon
in specific jocatons as climie contin-
tes to warm (Barsin cral. 20070,

« Peveleping models that wllow for mre-
gration of multiple faciors intluene-
ing salmon coosystems, inclading the
cumularive impacts of ¢limate change,
lannd use, and woter use on habeear, fish-
ety harvest. and harchery effec.

* Exploring the extent o which salmon

and mighs
adapt to ungeing chimate change. thus
abfecring the dircction and magnitude
ol overall voosysiem response. The role

COSBLLUTTING  Organisme

of evolutien m ecological responses 1o

anthropogeniv chanee of Earsh system-

has been essentiably gnored in conser
vation planning (Smith and Bermatche:

2007, Thus knowledge would inform

i?ﬂ]l(_\ dc\lh"\n.‘ T ipvest or dl\L‘.“.l in

salmon Bshenes. salmon recovery, anil
hatchery production around the North
Pacifie.

o Exploring scenarios of furure ocenn
producovity, linkages among ocean and
freshwazer or terrestrial condizions, and
etlects of Changes in ocean, freshwater,
ot terreszrinl conditions on sabmon pro-
duction ar toeal. regonal, and SNPQ
seales. This knowledge will be impor-
tant for ereating o management fegime
tor cooperarive use of the ecosystem
services of the SNPO.

o dmproving our understanding of hew
climate chonee affects the metapo-
pulation processes important we salmon
evolutionary and ceological dynamices,

¢ Rehnmg cenetic technques o identify

stacks, and ways o cfficientdy imple-
ment the due genered by those
technigues, in harvest management w
prowece stock divensiry in hisheries.

Offering a Two fold approach ...

Ther ddnadn
wedy g A pkeon

b i
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CONCLUSIONS

Predictions of he stope and exac
nature of Bobogical respanses o tatare ol
matie and hobitar conditions will alwaes
be subject e considerabic uncertaing.
However, we cun be certam thae climate
will confinue to change and  biological
respinses will be heterogeneons tenes
variesy of spanal and temporal seates. W
tuce the challenge of developing manage-
et and conservarion approaches that
are rohust o substantisl uncerineics
dbout future conditions and capable of
responding to change. Simulioneonsly, we
must hone oue abilisy ws wWenrite a realis-
tic rnge of aliernative futures. While we
have focused on Pacific salmon, she psues
WU TSC LI TOT ubIgue o these Speivs,
Munv of these same ssues will challenee
ey o achiove sustained production and
conserviion of any wide-mnging species
ax giobal and regionad climaie continue o
change, §
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Appendix VI

BBNA Study: Water Quality Data Collection and Research Specifics

Project/Task Descriptions

The Koktuli River Baseline Discharge and Water Quality Study was designed to provide a
recorded baseline of the river's physical and chemical characteristics. The collection of water
quality data occurred at discharge-stream gages installed to quantify the amount and
distribution of surface water at different locations throughout the watershed. The three gage
sites employed in this study were located at points along the mainstem of the Koktuli {2) and
Swan (1) Rivers to provide an accurate accounting of discharge within the entire Koktuli
Watershed. The sites were located far enough from the confluence of streams to avoid
backwater flows and incomplete mixing of contamination from the joining stream. Complete
mixing at samples sites were verified along the discharge cross-section with physical
parameters measured at a variety of stage heights. The physical properties were recorded along
with the occurrence and distribution of nutrients, major ions, and trace metals and their
relationship o hydrologic conditions. The study employed most USGS standard operating
procedures for collecting and processing water quality samples and discharge/gage datasets.
Quality assurance procedures provided support for the deviations from standard USGS
procedures.

Collection and Processing

Guidelines for sampling can be found in the USGS “National Field Manual for the Collection
of Water-Quality Data™ (USGS, 1997 to Present) and the EPA “Method 1669: Sampling
Ambient Water for Trace Metals at EPA Water Quality Criteria Levels” (EPA, 1996).
Additional sources of water quality field techniques can be found in USGS publications by
Horowitz (1994) and Shelton (1994).

Equipment Cleaning and Preparation

Powderless, latex gloves were worn to clean any equipment that would contact the sample. The
sampling equipment was rinsed initially with tap water to remove dirt and particles picked up
in the field. If the equipment was new or excessively dirty, it was then washed in a 0.2-percent
solution of phosphate-free soap and rinsed with tap water before going on to the next step. A
5% hydrochloric acid solution was then used before the final rinse with deionized water. The
clean equipment was then placed in sealed plastic bags for storage and/or transport to the field.

Equipment sets for each site were precleaned to minimize sampling time in the field. The data
collection sample bottles were pre-rinsed 3 times with deionized water and filled to 1/3" their
total volume. The prepared sample bottles were sealed in a clean, sealable plastic bag for

transport to the sampling site.

Sample Collection, Filtration, Preservation, and Shipping




Samples were collected through the entire depth of the water column and at multiple verticals
across the river using the equal-width increment {EWI) method. This provided a flow-
weighted, depth and width integrated representative sample. Multimeter measurements were
taken at varying depth to determine the level of mixing along the cross section. Well-mixed
cross sections were sampled with a minimum of five equal width stations. Ten verticals were
used if the cross section is poorly mixed. I environmental conditions or safety concerns
prevent the use of the standard EWI method, a detailed account of the equipment and methods
used was completed.

In normal circumstances the EWI, method was performed using a sampler designed by the
USGS for water quality sampling. The sampler consisted of a DH81 sampler with shrink-
wrapped rod that held a 1-liter plastic bottle that was [itted with a D77 cap and a Teflon nozzle.
Sample water collected at equal intervals was combined in a churn splitter. When the cross
section had been sampled, well-mixed, unfiltered water was withdrawn from the churn splitter
to fill sample bottles for laboratory analysis. Filtered samples were withdrawn from the churn
splitter by a peristaltic pump via a C Flex hose and filtered through a 0.45 m membrane
capsule or a disk filter. Nitric acid (HNO;) was added to cation and trace metals sample bottle
to preserve the water for laboratory analysis. Sulfuric acid (H.SO,) was added to samples for
the preservation of water for nutrients analysis. Specific bottles were used to deter the
deterioration of the samples.

The samples were processed in the field just afier collection. To reduce/eliminate potential
contamination, the work surface was covered with plastic sheeting. The filtered samples were
process in a portable processing chamber frame covered with disposable plastic cover.
Powderless, latex gloves were worn for each step by both dirty and clean hands samplers.

The processed samples were shipped by overnight delivery to Manchester Environmental
Laboratory in Port Orchard, Washington in an ice-filled cooler as soon as possible. Due to
logistics, this usually occurred at the in the office following the field trip. The lab verified
tlemperature upon receipt to assure proper sample handling. The temperatures should have been
within a range just above freezing to 6°C (Maloney, 2004). An Analytical Services Requests
(ASR) form specifying the sample analysis to be performed was mailed with the samples.
Copies of the ASRs were filed in the water quality station folders with the water quality field
forms to provide a record of the requested analysis.

Inspection and Acceptance Requirements for Supplies
The quality of data can be significantly affected by the type of equipment used. The supplies

and equipment used to collect, process, and preserve inorganic water samples were purchased
from a variety of suppliers identified by the Federal Interagency Sedimentation Project in
Vicksburg, MS. The equipment was purchased from supplier identified by FIDS to assure
products to the microgram per liter level required for trace metals sampling.

Data Quality Objectives for Measurement Data

The data quality objectives (DQOs) were established 10 ensure that the baseline water quality
data was representative of the systems under study. In order to insure representative samples a
variety of quality control samples were collected throughout the study. These quality control



samples included site field blanks, equipment blanks, split replicates, and concurrent replicates.
At least one set of each quality control sample was collected at each water quality collection
site over the course of the project.

Blanks were used to test for contamination arising from collection, processing, preservation,
and shipping procedures using quality assured inorganic blank water (IBW) (Muetler, 1997,
Horowitz 1994). Field blanks were obtained at the field site before processing a stream sample.
One field blank was collected at each water quality site per year. Equipment blanks were
performed in a clean, non-field environment once a season prior to the collection of samples or
when equipment was used for the first time.

Quality control replicate samples were collected to produce statistically meaningful evaluations
of data. Replicate samples insured the accuracy and precision of measurements. Split replicate
samples were used to determine variability introduced during sample processing and analysis
(Mueller, 1997; Horowitz 1994). A split replicate is a single, large volume of sample water that
is divided into identical sub samples {a primary and duplicate). Split samples were collected
several times a year at each water quality station to insure the accuracy of the data being
collected. Accuracy is a measure of confidence that describes how close a measurement is to
its "true” value.

Concurrent replicate samples comprise the maximum imprecision of the data by incorporating
variability measured from split replicates plus variability introduced by sample collection. A
concurrent replicate is two separate samples collected closely together in time at the same
location. In this way, concurrent replicates insure the precision of the sampling process by
testing both the consistency of the sampling methods and the agreement among repeated
measurements of the same characteristics or parameters. Concurrent samples were collected
once a year at each waler quality station.

Standardized sampling, analytical methods and units of reporting that compare to other sample
studies were used Lo ensure the comparability of the collected data with the data produced by
similar studies. Comparability is the degree to which data can be compared directly to similar
studies. This project employed testing methods that are comparable to methods employed by
the National Water Quality Analysis (NWQA) Program and employed by other water quality
monitoring programs throughout the country.

The sampling schedule of this project was constructed to assure representative water quality
conditions through seasonal flow variations over time. A completeness measure was used to
ensure that the data does represent seasonal variation. Completeness is the comparison between
the amounts of usable data collected versus the amount of data called for in the sampling plan.
Completeness is measured as the percentage of total samples collected and analyzed as a whole
and for individual parameters and sites as compared to the goals set out by the project design.
A complete data set was initially set at 75% of the target number. All efforts were then made
to not miss two consecutive scheduled sampling events for any one site. If less than 75%
samples were taken [rom a site in a given year data from that site was not qualified when
considering trend analysis in annual reports.



Training Requirements

Adequate training in methods and procedures is necessary to improve knowledge, avoid
potential error, ensure the quality of the data, and lends legal credibility to the data. Employees
participating in water quality sampling were trained accordingly. Employee training included
self-education, work experience, in-house instruction, and formal courses. Individuals were
fully trained in the proper protocols before collecting water quality data.

Documentation and Records

All data gathered was recorded on site at the time sampling occurs using a data sheet. Original
copies of all data sheets are kept on file at the indefinitely. Copies of the data sheets were
shipped with the water sample to the water quality-testing lab immediately upon return to
Anchorage so any data collection concerns could be addressed as quickly as possible.

SAMPLING PROCESS DESIGN

Sample Site Selection

The two gage sites employed in this study were located at points along the mainstem of the
Koktuli and Swan Rivers to provide an accurate accounting of discharge within the entire
Koktuli Watershed. The sites were located far enough from the confluence of streams to avoid
backwater flows and incomplete mixing of contamination from the joining stream. Complete
mixing at samples sites was verified along the discharge cross-section with physical parameters
measured at a variety of stage heights. The physical properties were recorded along with the
occurrence and distribution of nutrients, major ions, and trace metals and their relationship to
hydrologic conditions.

Sampling Sites, Parameters, & Collection Frequency

Sampling occurred at the two stream gage sites that were located on the Koktuli and Swan
Rivers. The first site was located on the Swan River above the confluence with the Koktuli
River. The next water quality-monitoring site was located at the stream gage on the main stem
of the Koktuli River below its confluence with the Swan River and above the confluence with
the Mulchatna River.

Physical properties were recorded along with the occurrence and distribution of nutrients,
major ions, and trace melals and their relationship to hydrologic conditions. More specifically,
measurements of pH, specific conductivity, water temperature, and salinity were recorded at all
stream gage stations when discharge measurements are made. Readings were taken in mid-
depth at five or more equally spaced points in the river cross-section. In addition, water
samples were collected for laboratory analysis at gages one and three over a range of flows.
Samples were collected three or four times in open water from May to October. Periodically
one sample was collected in March when partial or total ice cover may be present. Sample
collection will continue for a minimum of three consecutive years.



Appendix VI
Water Quality Data Analysis

By Kendra Zanzow

The following series of box plots was created by assembling the medians as calculated by
different research groups {BBNA, ENRI, the Natue Conservancy, and PLP) for each parameter
for all surface water bodies in the Koktuli watershed for which data was available, including
the main stem Koktuli River, the North Fork Koktuli, the South Fork Koktuli, tributaries of the
North Fork Koktuli, and tributaries of the South Fork Koktuli. For instance, the median
alkalinity of the main stem Koktuli (Cathy Flanagan and PLP), North Fork Koktuli main stem,
South Fork Koktuli main stem (Nature Conservancy, ENRI and PLP), and North Fork Koktuli
tributaries and South Fork Koktuli tributaries (Nature Conservancy and PLP) are all included
in the box plot of alkalinity. Data includes preliminary data presented by the Pebble Limited
Partnership (PLP), but removing PLP data does not significantly change the results. The pH is
not available from PLP, but field pH published by Northern Dynasty Minerals is included in
the pH graphs. Vertical lines represent the range of medians, shaded box represents the
interquartile range, horizontal lines represent the median of assembled medians, and the circle
without a horizontal line represents the mean of medians.
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conductivity in uS/cm; alkalinity in mg/L
pH median of medians and mean of medians is 7.0
conductivity median of medians and mean of medians is 43
alkalinity median of medians and mean of medians is 16 mg/L




Note the neutral pH, very low conductivity, and very low alkalinity. Low conductivity is only

found in very pure waters. The low alkalinity means water pH will drop quickly if acid enters
it.

Medians of Major Elements
on all waters in the Koktull watershed
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Aluminum: median of medians 36, mean of medians 49, benchmark criteria 87 ug/.
Iron: median of medians 211; mean of medians 198; benchmark 300 ug/L
Manganese: median of medians 13; mean of medians 17; benchmark S0 ug/

Except for the one outlier in aluminum, the entire range of medians of data for aluminum, iron,
and manganese exceed State of Alaska most stringent water quality standards.



Medians of Trace Elements
. on all waters in the Koktuli watershed
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Copper median of medians Is 0.4; mean of medians is 0.8; benchmark is 2.7 uglL
Arsenic median of medians is 0.2; mean of medians 1.1; benchmark 10 ug/L
Cadmium median of medians is 0.01; mean of medians 0.02; benchmark 0.1 ug/L
Zinc median of medians Is 2; mean of medians is 5; benchmark is 36 ug/L

All trace elements exceed State of Alaska most stringent water quality standards when summed
as the median or mean of all waters.

Tributaries at the headwaters of the South Fork Koktuli represent the most mineralized waters
in the waltershed, and therefore the "worst case scenario” of watershed waters. Grapsh below
show that while the full range of data exceeds most stringent water quality standards, the
medians meet them. The previous set of graphs represented summaries of medians. The
graphs below are a summary of individual raw data points on several different tributaries of the
South Fork Koktuli. While they do not represent the median of a parameter at a single station,
they provide a picture of headwater tributaries as a whole.



pH, Conductivity, and Alkalinity
on South Fork Koktuli tributaries
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Aluminum median 60; mean 101; benchmark 87 ug/AL
Iron median 237; mean 277; benchmark 300 ugL
Manganese median 24; mean 26; benchmark S0 ug/lL




Aluminum and iron have individual data points exceeding most stringent criteria — representing
infiuxes of minerals during rain and melt events — but medians remain below the most stringent
water quality use standards. This indicates that even in tributaries where mineralization is
observed, water quality is very good.

Trace Elements
on South Fork Kolktuli tributaries
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Arsenic median 0.3; mean 0.9; benchmark 10 ug/L

Cadmium median 0.01; mean 0.03; benchmark 0.1 ug/L

Copper medlan 1.4; mean 1.9; benchmark 2.7 ug/L (varies with hardness)
Lead median 0.05; mean 0.23; benchmark 0.54 ug/L

Zinc median 3; mean 6; benchmark 36 ug/L

All trace elements fall well within most stringent water use quality standards.
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