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PREFACE TO VOLUMES I, 11 AND 111

This report culminates two years of work—preceded by years of discussion—to characterize the
current and heritage fish consumption rates and fishing-related activities of the Nez Perce Tribe.
The report contains three volumes in one document. VVolume I is concerned with heritage rates
and the methods used to estimate the rates; VVolume Il describes the methods and results of a
current fish consumption survey; Volume I1l is a technical appendix to Volume Il. Each volume
has its own page humbering and Table of Contents.
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1.0 INTRODUCTION

A study of heritage Fish Consumption Rates (FCRs) was conducted for the Nez Perce Tribe. The
study was done as part of a larger fish consumption survey of federally recognized Tribes in
Idaho, which was initiated by the U.S. Environmental Protection Agency in 2013. This report
presents the results of the Nez Perce Tribe’s heritage rate research, which was based upon an
evaluation of available ethnographic literature on aboriginal fish consumption by Columbia
Basin Tribes and other influential studies that have supported previous estimates of heritage
rates.

1.1 Purpose and Objectives

Tribal Governments in the State of Idaho are working closely with the U.S. Environmental
Protection Agency (EPA) Region 10, the State of Idaho, and other stakeholders to gather data on
FCRs. The overarching goal of this process is to obtain information on fish consumption to
enable Tribal governments to set water quality standards for tribal waters, and to allow Tribes to
meaningfully participate as informed partners in Idaho DEQ’s ambient water quality criteria
review process that impacts tribal interests. A Tribal heritage rate study was conducted as part of
this effort.

Recognizing that current Tribal fish consumption is suppressed due to a number of factors (e.g.
decreased fish populations due to physical habitat modifications and adverse effects of chemical
contamination, loss of Tribal access to fisheries resources, fears of exposure to contaminants in
fish, and changes in fish harvesting by Tribal members associated adaptation to economic and
cultural shifts), this study compiled and evaluated available data to determine heritage FCRs for
the Nez Perce Tribe (NPT). Knowledge of past rates may help determine how current FCRs
might increase in the future if current fisheries resources are improved and fish consumption is
restored to past, higher levels. Information about FCRs may be used to support development of
water quality standards that protect human health.

Water quality is of great importance to the Nez Perce Tribe, since a substantial portion of their
diet is derived from aquatic sources, and water and aquatic resources are of great cultural and
spiritual significance. As part of the survey effort, discussions with the Tribe highlighted the
issue of suppression of current fish consumption and its causes. Therefore, the survey team
agreed to review and evaluate heritage rates available in the literature, which may be more
relevant than current suppressed rates to the long-term restoration goals of the Tribe.

The Nez Perce Tribe has treaty reserved fishing rights within the Columbia Basin and Snake
River basins. In the Snake River Basin, the Nez Perce Tribe has quite possibly the largest
number of tributary salmon and steelhead fisheries which can often occur year- round across the
states of Washington, Oregon and Idaho. The NPT has usual and accustomed fishing places
throughout 13 million+ acres that have been found to been exclusively used and occupied by the
Tribe (including the major portions of the Snake, Tucannon, Imnaha, Grande Ronde, Salmon and
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Clearwater Rivers and their drainages); the mainstem Columbia River; and other locations in the
Columbia/Snake River Basin.

The Nez Perce Tribe’s primary objective for the fish consumption survey is to support
development of more stringent water quality standards that are protective of tribal members’
consumption of fish. The Tribe’s culture is and always has been intimately tied to fish, which is a
staple of their diet and an integral part of their society; poor water quality impedes fish survival
and can affect both the quantity and availability of fish that can be harvested and safely
consumed by tribal members. The NPT has a vision of restoring fish species native to the Nez
Perce Treaty Territory. To accomplish this vision, the Tribe has engaged in managing the
resident and anadromous fish species in the streams, lakes, and watersheds within their
management authority in an effort to rebuild habitat and restore opportunities for fish harvest.
Their goal is that fish will be found in all available habitats and will provide fishing opportunities
for present and future generations. Increased fisheries resources will support higher fish
consumption.

1.2 Study Approach

The approach for estimating heritage rates was based on a comprehensive review and evaluation
of literature that is relevant to heritage rates, including historical accounts and modern studies of
heritage consumption. For Tribes that harvest fish from the Columbia Basin, there is a significant
volume of literature to form the basis for a range of quantitative estimates of fish consumption.
Information includes ethnographic studies, personal interviews, historical harvest records,
archaeological and ecological information, and nutritional and dietary information. The
quantitative assessment includes compilation and analysis of historic and heritage information
across the region of the Columbia Basin.

The survey team compiled and evaluated available information regarding heritage consumption
rates relevant to the Nez Perce Tribe. The development of estimates of heritage rates presented
here includes a discussion of the available information, including methodologies used to develop
the fish consumption estimates and factors affecting the uncertainty associated with the
estimates. Based on available information, a quantitative range of heritage FCRs is presented for
the Tribe.
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2.0 BACKGROUND

The Nez Perce Tribe has relied extensively on fish resources and fishing activities throughout
time. A summary of the fish harvest and extensive use and consumption of fish historically, as
well as the causes of decline in fish availability over time, is provided for context.

2.1 Summary of Historical Fish Harvest and Consumption

The Nez Perce are a large Northwest tribe with a culture tied closely to fish. Since time
immemorial, the Tribe occupied a territory covering more than 13 million acres that included
what is today north central l1daho, southeastern Washington, and northeastern Oregon. The Nez
Perce subsistence cycle involved traveling year to year on the same well-traveled routes through
the canyons of the Snake, Tucannon, Clearwater, Grande Ronde, Imnaha and Salmon Rivers,
primarily to follow the salmon runs. In addition to those rivers and their tributaries, the Nez
Perce historically took part in the fishing and trading that occurred between several of the
region's tribes at Celilo Falls on the Columbia River, among other locations of the Columbia
Basin.

The Tribe has always fished. Their economy and culture evolved around Northwest fish runs.
Their persistence can be attributed in large part to the abundance of fish, which has served as a
primary food source, trade item and cultural resource for thousands of years. Settlement by
others in the last 150 years has disrupted people of the Tribe and the natural resources (NPT,
2005). The degree to which the Tribe is culturally coupled to fish was recognized in treaties
signed between the Tribe and the United States Government. The same treaties that confined the
Tribe to a fraction of their former territory also guaranteed their access to fishery resources.
Article 111 of the Treaty of 1855 guarantees to the Tribe:

“The exclusive right of taking fish in all the streams running through or bordering
said reservation ... as also the right of taking fish at all usual and accustomed
places in common with citizens of the Territory.” Treaty with the Nez Perces, 12
Stat. 957 (1859).

The 1855 Treaty Council at Walla Walla and the Treaty negotiations reflect the Tribe’s inherent
tribal sovereignty and its “aboriginal title” to land. At the Treaty Council, the United States
sought to clear title to lands; the Nez Perce sought to reserve and maintain a homeland
(“Reservation”) and reserve its aboriginal rights and way of life. The Nez Perce would not have
signed this treaty without first receiving assurances that these rights, including the right to fish,
would be protected into the future. Additional treaties between the two sovereigns have been
made, but the reserved fishing right has remained unchanged since 1855.

In its 1855 Treaty, the Nez Perce reserved a significant portion of their aboriginal land (about 8
million acres). And, this Nez Perce homeland contained, as the United States recognized, many
of the best fisheries:
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Gov. Stevens said: “Here (showing a draft on a large scale) is a map of the
Reservation. There is the Snake River. There is the Clear Water river. Here is the
Salmon river. Here is the Grande Ronde river. There is the Palouse river. There
is the El-pow-wow-wee. This is a large Reservation. The best fisheries on the
Snake River areon it...”.

Moreover, in addition to this homeland, Nez Perce leaders insisted on reserving off-reservation
hunting, fishing, gathering, and pasturing rights. The minutes of the treaty negotiations reflect
Governor Stevens’ repeated assurances, on behalf of the United States, that the treaty would
reserve these off-reservation rights to the Nez Perce Tribe:

You will be allowed to pasture your animals on land not claimed or occupied by
settlers, white men. You will be allowed to go on the roads, to take your things to
market, your horses and cattle. You will be allowed to go to the usual and
accustomed fishing places and fish in common with the whites, and to get roots
and berries and to kill game on land not occupied by the whites; all this outside
the Reservation:”

Gov. Stevens said: “I will ask of Looking Glass whether he has been told of our
council. Looking Glass knows that in this reservation settlers cannot go, that he
can graze his cattle outside of the reservation on lands not claimed by settlers,
that he can catch fish at any of the fishing stations, that he can kill game and can
go to Buffalo when he pleases, that he can get roots and berries on any of the

2

lands not occupied by settlers...”.

Fish, as a staple of the Nez Perce diet, have always been an integral part of the Nez Perce
society. Principal to the Nez Perce diet were the anadromous fish species that inhabit the rivers
of the inland northwest. This is corroborated by other existing information such as those from
federal court proceedings.

For example, in its 1967 decision concerning the Nez Perce Tribe, the Indian Claims
Commission (ICC) made comprehensive findings based on detailed anthropological evidence
from both the United States and the Nez Perce Tribe, of the Tribe’s area of “exclusive use and
occupancy” and “aboriginal ownership.” The ICC determined that the Nez Perce had “exclusive
use” and occupancy of 13,204,000 acres of land and “that salmon fishing was one of the major
sources of subsistence since the main rivers through the area, which include the Snake, the
Clearwater, the Salmon, and their branches, were well supplied with this fish in aboriginal
times.” It also concluded that their seasonal “cycle consists of specific times of the year for
fishing for salmon, digging camas and other roots, hunting the game”; this “economic cycle can
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generally be summarized as ten months salmon fishing and two months berry picking, with
hunting most of the year.”?

During the time that the treaty was negotiated, the salmon resource reserved by the Nez Perce
came from “...river systems that were biologically functional and fully productive...” (Meyer
Resources, 1999). The decline of salmon productivity since the mid-1800s to present, does not
alter, change, or abrogate the Nez Perce treaty right to take fish. This right to take fish represents
an inherent right that the Nez Perce have held since time immemorial. The fishing right is as
important to the Nez Perce today as it was before contact with non-Indians.

The Nez Perce governed where fishing occurred, how many fish were to be harvested, who could
participate, how to use the resource, and ways to honor and perpetuate the resource. They
developed ways to harvest large amounts of fish. These were documented as proven methods to
catch the substantial numbers of salmon and steelhead (as well as other species of fish). The
complex, elaborate, and efficient Nez Perce fishing techniques described below document the
extent of their reliance on this valuable resource and the importance of fish to its society and
cultural identity.

Whenever possible, the Nez Perce historically and contemporarily have regularly fished for the
following species: Chinook, Coho, and Sockeye varieties of salmon; Dolly Varden, Cutthroat,
Brook, Lake, and Rainbow varieties of trout; several species of suckers, white fish, sturgeon,
squawfish (Northern pikeminnow), lampreys, and some shellfish (freshwater clams). In order to
harvest these fish species, the Nez Perce developed a number of fishing techniques and methods:
weirs and traps; dipping platforms (either natural or man-made); fish walls and dams; canoes;
spears; hook and line; gaffs; and variety of nets (dipnets, set nets, and throw nets).

The expansive territory of the Nez Perce people was rich in rivers and streams abundant in fish
life. Bands fished from the Snake, Salmon, Clearwater, Imnaha, Grand Ronde, Selway,
Tucannon, Rapid River and many other rivers within and outside its homeland and territory. As
with other tribes, the Nez Perce did not limit their fishing to salmon. Research has been
conducted by a number of people in an effort to determine how many fish were historically
harvested by the Nez Perce. There are a number of methods to estimate amount of fish harvested
and consumed by the Nez Perce (commonly expressed in numbers of fish harvested and annual
per capita consumption).

In addition to salmon and steelhead, the Tribe has traditionally harvested Snake River white
sturgeon for subsistence purposes. Tribal elders confirm the historical presence of white sturgeon
throughout the Snake River, mainstem Salmon River, the Clearwater River from its mouth to

! The ICC was created by Congress in 1946 to hear claims by Indian tribes for, among other things, compensation
for the taking of aboriginal lands by the United States without fair payment. Compensable aboriginal title was
required to be based on “actual and exclusive use and occupancy ‘for a long time’ prior to the cession, transfer, or
loss of the property.” It provided historical information regarding Nez Perce village sites, uses of natural resources,
and range and extent of natural resource use.
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above Orofino, Idaho, as well as seasonal migrations into the Grande Ronde River (Elmer Crow,
Nez Perce Tribe Department of Fisheries Resources Management, Personal Communication,
2014). In addition to being an important food source, white sturgeon served many purposes in
the culture of the Tribe. White sturgeon blood was used to make glue; the hides were used for
bow cases and quivers, and for water proofing footwear. However, subsistence fishing has been
severely limited as a result of low white sturgeon numbers between Hells Canyon and Lower
Granite dams (NPT, 2005).

The traditional way of life for the Nez Perce (e.g. gathering, harvesting, ceremonies, and
traditions) depends on continuance of the circle of life for all native species (plants and animals).
To the Nez Perce, the rights reserved under the Treaty of 1855 must be protected such that the
enjoyment of these rights resembles that envisioned by the treaty signers and Nez Perce leaders.

2.2 Summary of Causes of Decline in Fish Populations

Nez Perce tribal elders believe that one of the greatest tragedies of this century is the loss of
traditional fishing sites and Chinook salmon runs on the Columbia River and its tributaries. They
believe the circle of life has been broken and ask us to consider what the consequences of
breaking that circle may mean for future generations. In many ways the loss of the salmon
mirrors the plight of the Nez Perce people. The elders remind us that the fates of humans and
salmon are linked (Landeen and Pinkham, 1999). This dependence on fish to meet dietary,
spiritual, and basic subsistence needs is still a prevailing necessity of Nez Perce life. To this day,
the right to a “fair share” of the salmon harvest by the Nez Perce Tribe does not occur because of
the impacts to these fish by non-Indian activities and development in the Columbia and Snake
basins.

The Nez Perce lived in the heart of salmon country — along the Salmon, Snake, Grande Ronde,
Imnaha, Clearwater and Tucannon rivers; which historically were major salmon and steelhead
producers. The Nez Perce have lived through and experienced the extirpation of entire
populations of fish by blocking and altering of thousands of miles of rivers and streams as result
of dams. The Hells Canyon, Oxbow, and Brownlee dams on the Snake River, Wallowa Lake
Dam on the Wallowa River, Dworshak Dam on the North Fork Clearwater, the eight major dams
on the Columbia and Snake rivers, and the many other smaller projects, have individually and
collectively impacted fish, and thus the Nez Perce ability to fish for them.

The environment and water that support fish has been altered due to human development and
enterprise over the past century and a half. This human progress has come at a cost to the fish
species and “salmon people.” Current productivity of salmon- producing streams is much lower
than it was historically. Many of the fish species either face extinction or are in seriously
depressed conditions. As a result, tribal harvest in the present day is only a very small fraction of
what the Nez Perce harvested in the mid- 1800s. Although hard to quantify, it is probable that
until recently harvest has been less than 1% of historic harvest levels prior to 1855.
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Causes contributing to salmon and steelhead decline encompass a variety of human activities and
anthropogenic and natural phenomena. These include the following: commercial, recreational,
and subsistence fishing; freshwater and estuarine habitat alteration due to urbanizing, farming,
logging, and ranching; dams built and operated for electricity generation and flood control; water
withdrawals for agricultural, municipal, or commercial needs; stream and river channel
alterations; hatchery production; predation by marine mammals, birds, and other fish species;
competition with other fish species; diseases and parasites; and reduction in annual nutrient
distribution from spawned-out salmon to the local ecosystem. These activities continue to affect
fish.

Salmon and steelhead runs in the Snake Basin are not as abundant or productive as they were
historically. Snake River Chinook salmon (spring, summer, and fall runs), sockeye, and
steelhead are listed under the Endangered Species Act (ESA). Coho and Chinook salmon were
extirpated in the Clearwater River subbasin in the 1990s, and steelhead were at very depressed
levels.

Snake River spring/summer Chinook salmon were historically found spawning in the Snake
River tributaries of the Clearwater, Salmon, Weiser, Payette, and Boise Rivers. A review of run
size for Snake River of spring/summer Chinook salmon is provided by Matthews and Waples
(1991). Their summary of research on run size reports historic runs in the Snake River probably
exceeded one million fish annually in the late 1800s. By the mid—-1900s, the abundance of adult
spring and summer Chinook salmon had greatly declined to near 100,000 adults per year in the
1950s. Since the 1960s, counts of spring and summer Chinook salmon adults have declined
considerably at the lower Snake River dams (IDFG, 2013).

The construction of hydroelectric dams on the main stem Snake and Columbia Rivers blocked
access to nearly half of the historic spawning habitat and reduced survival of juveniles and adults
migrating to and from the ocean. Additional effects from hydroelectric dams and water storage
projects have resulted in altered hydrographs and water temperature regimes affecting run timing
of juveniles and adults. Diversions in spawning and rearing streams have caused direct mortality,
loss of habitat and migration barriers. Land management activities have resulted in degraded
habitat with the loss of riparian cover, sedimentation and artificial barriers to passage. The
addition of hatchery programs to mitigate for lost habitat and survival of fish have introduced
genetic concerns about effects to wild stocks. Declining water quality from increasing
development in and along river and tributary streams can affect fish populations. Introductions of
non-native fish in some waters can increase predation and competition with juvenile fish (IDFG,
2013).

Salmon runs in the Clearwater River Subbasin were virtually eliminated by the construction of
hydroelectric dams (Matthews and Waples, 1991). In 1910, the Harpster Dam, constructed on the
lower South Fork Clearwater River, prevented all fishes from returning upstream of Harpster, ID,
and eliminated access to over 95% of the watershed and its high quality spawning grounds
(Schoning, 1940). In 1927, the Washington Water Power Diversion Dam constructed just above
the mouth of the Clearwater River eliminated all upriver salmon runs (Parkhurst, 1950; USFWS,
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1962). A crude fish ladder was built on the lower Clearwater River dam, which allowed
steelhead passage during higher flow periods, but proved almost impassible during lower flows
when salmon arrived (Parkhurst, 1950). The ladder was not modified for a period of 12 to 14
years; eliminating all late returning fish, like coho and fall Chinook salmon (all as cited in
Everett, et al, 2006).

The cumulative loss of anadromous fish to the Nez Perce Tribe as a result of these two dams was
substantial (Cramer, et al., 1993). The Harpster Dam was removed in 1963 and the lower
Clearwater River dam was removed in 1972, making available most of the salmon production
areas in the drainage. However in 1971, Dworshak Dam was built just upstream of the mouth of
the North Fork Clearwater River. Dworshak Dam lacks fish passage, resulting in the permanent
loss of productive salmonid spawning aggregates and high quality habitat. The lower Clearwater
River temperature regime continues to be altered by Dworshak Dam, resulting in warmer water
in the winter and cooler water in the summer (Arnsberg, et al., 1992, Arnsberg and Statler, 1995;
all as cited in Everett et al., 2006).

Currently, a majority of the fisheries that occur in the Snake River basin are supported by
hatchery programs. All of the anadromous fish hatcheries in the Snake River basin are mitigation
hatcheries for the development of hydroelectric dams. All of the returns from these hatcheries
pass through or return to the Nez Perce Tribe’s usual and accustomed fishing places.
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3.0 HERITAGE FISH CONSUMPTION RATES (FCRs)

A summary of the primary source literature reviewed for this heritage rate study is provided here,
including a definition of “fish consumption,” as used differently by various authors, and certain
factors and other assumptions that have been used to adjust and/or calculate consumption rates.
Also presented below are the average aboriginal per capita FCRs estimated for the Columbia
Basin Tribes (summarized in Table 1) and rates for the Nez Perce Tribe specifically (summarized
in Table 2).

3.1 Defining Fish Consumption

The focus of this effort is to compile, summarize, and evaluate estimates of Tribal fish
consumption during the period when Tribes had full access to their traditional fisheries, which
we refer to here as “heritage rates.” This effort is intended to provide Tribes with information
that may be useful in establishing water quality criteria for the protection of human health. The
information supporting heritage rates is on a per capita basis that can be used to estimate average
FCRs, however this information is not suitable for development of FCR distributions or
percentiles of fish consumption.

As evident in review of the documentary record, the definition of fish consumption as fish
ingestion is not necessarily shared by the various researchers who have attempted to estimate
aboriginal FCRs for various Tribal groups. Several researchers include all uses of fish in what
they describe as a “total consumption rate.” For example, one researcher (Schalk, 1986),
suggested that a previously calculated consumption estimate was too low because it “only
considers human dietary demands.” Another (Griswold, 1954) stated that “[t]he tribes here
required salmon for fuel as well as for food. Consequently, it may be inferred that their per capita
consumption was considerably greater than that of the tribes [downstream] below.” Still another,
(Walker, 1967) discussed “exceptional areas of unusually high consumption, up to 1000 Ibs. per
capita, per year” which are “caused not only by the high calorie demands typical of colder
climates, but also by the use of fish for dog food or for fuel.”

Estimates by various researchers, therefore, may include as part of a total FCR that portion of the
overall fish harvest that was used for trade, for fuel, for animal feed, or may include the inedible
portion of fish not actually ingested. To the extent that it is discussed in the literature, this report
attempts to describe the assumptions involved in estimating a consumption rate, and, where
possible and appropriate, identify that portion that was actually ingested.

3.2 Defining Factors Influencing Consumption Rates

Many sources of information providing estimates of heritage FCRs for Tribal groups in the
Columbia Basin tend to refer to or build upon previous work, in some cases revising or adjusting
rates from previous reports based on new knowledge, new data, or new approaches for
interpreting consumption information. Some authors have attempted to revise earlier estimates of
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fish consumption, particularly those estimates based on caloric intake, to account for the caloric
losses that occur as a result of salmon spawning migration (“migration calorie loss factor”) and
to account for the fact that not all of an individual fish is consumed (“waste loss factor”). Each of
these factors and their effect on consumption estimates, as well as other variables that influence
the calculation of consumption rates, are discussed below.

3.2.1 Migration Calorie Loss Factor

Eugene Hunn (1981) appears to be the first author to suggest modifying the calorie-based fish
consumption estimates originally developed by Gordon Hewes (1947, 1973). While Hunn
considered Hewes’ estimates of salmon consumption to be “the most comprehensive attempted
to date for the region” he contends that “his interpretation of the nutritional factors is
misleading.” Specifically, Hewes’s caloric calculations did not account for the calories that
salmon lose during spawning migration (since migrating salmon no longer feed once they re-
enter freshwater).

Citing a study by Idler and Clemens (1959), who determined that sockeye salmon lose 75% of
their caloric potential during spawning migration in the Fraser River watershed, Hunn proposed
the following approach, as transferred to the Columbia River watershed: the “migration calorie
loss factor” is computed as a ratio of (a) the distance in river-kilometers (km) from the mouth of
the Columbia River to the approximate middle of each group’s territory, to (b) the entire length
of the Columbia River (1,936 km). This ratio was then multiplied by the average value for
calorie loss during salmon migration, 75% (0.75), and the product was subtracted from one. For
example, a salmon harvested halfway to the headwaters of the Columbia River is assumed to
have lost half of 75%, or 37.5% (0.375) of its beginning caloric potential, and, therefore, would
retain 62.5% of its beginning caloric potential (1 — 0.375 = 0.625), which is considered the
migration calorie loss factor. Based in part on this adjustment, Hunn suggested that Hewes likely
overestimated the calories provided by salmon, and therefore salmon’s contribution to the overall
diet, and that “vegetable resources” likely played a larger dietary role than assumed by other
authors. In fact, he concluded that the food collecting societies of the southern half of the
Columbia-Fraser Plateau “obtained in the neighborhood of 70% of their food energy needs from
plant foods harvested by women.”

Other authors (e.g., Scholz et al., 1985; Schalk, 1986) have taken a different approach and
assumed that Hewes was correct about the proportion of the diet supplied by salmon (on average
50%, or about 1,000 calories), but by not accounting for migration calorie loss, Hewes likely
underestimated salmon consumption rates, particularly for upriver Tribes (as Schalk, 1986,
stated, “some adjustment should have been made for distance traveled upstream”). To account
for this, Schalk divided the consumption estimates developed by Hewes by a specific migration
calorie loss factor determined for each Tribal group, following the approach described above.

Again using the example of a salmon harvested halfway to the headwaters of the Columbia
River, Hewes’s estimate for average per capita consumption for the Columbia Basin tribes of
365 pounds per year would be revised in the following manner: assuming a salmon has lost

Nez Perce Tribe
Draft Heritage Fish Consumption Rates
September 2015 Page 10



37.5% of its initial caloric potential during spawning migration, 62.5% of its caloric potential
would remain (the migration calorie loss factor). Dividing 365 pounds per year by 62.5% (0.625)
gives a revised estimate of 584 pounds per year — a 60% increase. In other words, a person
harvesting salmon halfway up the Columbia River would need to consume 584 pounds of salmon
to get the same amount of calories as someone consuming 365 pounds of salmon harvested at the
mouth of the Columbia. As Schalk (1986) noted, “the total annual per capita estimate for fish
consumed rises significantly when a migration calorie loss factor is included.”

3.2.2 Waste Loss Factor

In addition to considering calorie loss from migration, Hunn (1981) also appears to be the first
author to suggest modifying the calorie-based fish consumption estimates originally developed
by Hewes (1947, 1973) based upon the fact that some portion of a fish is not edible. Hunn (1981)
stated that Hewes “does not allow for the fact that the edible fraction of whole salmon is
generally considered to be approximately 80% of the total weight.” Since many authors
providing estimates of historical Tribal fish consumption did so for the purpose of estimating
historical harvest rates, this factor (if accurate) was likely an important consideration. For
example, if only 80% of each salmon harvested is edible (i.e., 20% is “waste”), then a person
consuming 100 pounds of salmon per year would need to harvest 125 pounds of salmon to
support that consumption rate.

Schalk (1986) incorporated this “waste loss factor” into his estimates of annual salmonid catch in
the Columbia Basin by revising Hewes’s consumption estimates for various Tribes and Tribal
groups. Schalk stated that “the revised estimate involves dividing the per capita consumption
estimate by a waste loss factor of 0.8 to get the gross weight of fish utilized. This figure is also
derived from Hunn's (1981) suggestion that 80% of the total weight of a salmon is edible.” While
it appears that the main objective in using this factor is in estimating total catch (“the gross
weight of fish utilized”), the terms “total catch™ and “total consumption” are sometimes used
interchangeably. Some subsequent authors have incorporated this waste loss factor into their
estimates of actual fish ingestion when estimating aboriginal FCRs.

3.2.3 Other Assumptions used to Develop Consumption Rates

In addition to the rate adjustment factors discussed above, there are a number of other
assumptions that various authors have made to develop consumption rate estimates, including the
following (discussed in more detail in Section 4.1.3).

e Fish ingestion versus harvest and other uses (i.e., definition of “consumption”)

e Percent of diet (calories) provided by fish (versus other food items)

e Salmon (anadromous) and/or resident fish consumption

e Historical Tribal population estimates

e Number of fishing sites, fishing methods, and fishing efficiency
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3.3 Columbia Basin-Wide Heritage Rates

Below is a summary of the primary source information reviewed on aboriginal FCRs of
Columbia Basin Tribes. Relevant information is presented from each of the following
publications, including fish consumption estimates and associated assumptions (and summarized
in Table 1).

e Craig and Hacker, 1940

e Swindell, 1942

o Hewes, 1947

e Griswold, 1954

e Walker, 1967

e Boldt, 1974

e Hunn, 1981

3.3.1 Craig and Hacker, 1940

In 1940, Joseph Craig and Robert Hacker of the U.S. Bureau of Fisheries estimated an aboriginal
per capita salmon consumption rate of 1 pound per day (Ib/d), which equates to 365 pounds per
year (Ib/yr) (or 454 grams per day [g/d]?) for Columbia Basin Tribes (Table 1). This estimate is
based on historical ethnographic observations of extensive salmon harvest and use. The authors
stated that, based on accounts of early explorers:

“Without doubt salmon, either fresh or dried, was the chief single factor in the
diet of the Indians of the Columbia Basin in their native state.” (p. 140)

Other species were identified as consumed as well, including sturgeon, trout, and other fish;
however, salmon was the primary species consumed. While the authors noted that it was “not
possible to make an accurate estimate of the amount of salmon used by the Indians,” at the time,
an approximation could serve “to illustrate the possible magnitude” of fish caught and consumed,
with a wide margin of error (p. 141).

The authors stated that since significant quantities of salmon were available in the Columbia
River and its tributaries during at least 6 months of the year, the Indians likely harvested and
consumed large quantities of fresh salmon during this period and then consumed dried salmon
for the remainder of the year. Therefore, “it appears to be well within the realms of probability
that these Indians had an average per capita consumption of salmon of 1 pound per day during
the entire year” (p. 142).

2 Most sources present rates in pounds per day; this report applies a conversion to grams per day (1 pound = 454
grams) for the reader and for applicability to water quality standards.
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3.3.2 Swindell, 1942

In 1942, Edward Swindell of the U.S. Department of the Interior’s Office of Indian Affairs
estimated an aboriginal per capita salmon consumption rate of 322 Ib/yr (or 401 g/d) for
Columbia Basin Tribes, specifically in the Celilo region prior to the installation of the Dalles
Dam and flooding of Celilo Falls (Table 1). This estimate is based on field survey interviews
(and published affidavits) with local Indian families.

Swindell agreed that the estimate reported by Craig and Hacker (1940) of per capita salmon
consumption of 1 pound per day was “not unreasonable” (p. 13) and that while “the poundage of
the fish used for subsistence purposes cannot be definitely ascertained... the importance of this
article of food as shown by a survey of 55 representative families is shown...” in his report (p.
147). As part of this study, the author presented and compared results obtained from interviews
conducted with the heads of the 55 selected families, which represented a total of 795 Indian
families present “under the jurisdiction of the Yakima, Umatilla, and Warm Springs” (p. 13-14).
These interviews determined an average consumption rate of 1,611 Ib/yr per family. Assuming a
family unit was comprised of 5 members, Swindell calculated this to be a per capita rate of 322
Ib/yr. This value accounted for both fresh and cured salmon, where the dried weights were
converted to wet (fresh) weights. The affidavits given by participants of the survey supported
Swindell’s aboriginal fish consumption estimates.

An affidavit provided by Tommy Thompson (age 79), of the Wyam Tribe of Indians residing at
Celilo, Oregon, stated that “each family of Indians, when he was a boy,* would dry and put away
for their own future use, about 30 sacks of fish...each sack would contain about 10 or 12 fish
which weighed almost 100 pounds [total]... each fish after it had been cleaned, the head and tail
removed, and then dried, would only weigh between 6 and 8 pounds” (p. 153). Another affidavit
provided by Chief William Yallup (age 75), a Klickitat Indian of Rock Creek, stated that “when
he was a boy... during the [fish] runs, they would eat fresh fish three times daily and the surplus
they caught would be dried for use when no fresh ones were available” and “that in those days
each family would dry for its own personal use approximately 30 sacks of fish, each of which
contained about six large salmon weighing, after they had been cleaned for drying, about six
pounds; that for purposes of trading, each family would put away about 10 sacks of fish” (p.
165). Further, the affidavit noted that fishing rights “have a value to the Indians which cannot be
measured in the terms of dollars and cents of the white man; that the subsistence value to the
Indians as a whole is enormous...” (p. 167).

3.3.3 Hewes, 1947

In 1947, as part of his dissertation required for a Ph.D. in Anthropology, Gordon Hewes
developed an estimate reflective of Craig and Hacker’s (1940) per capita salmon consumption
estimate of 1 Ib/d (365 Ib/yr or 454 g/d) for aboriginal Columbia Basin Tribes (Table 1). The
justification for this estimate was based on the average human caloric requirements of 2,000

3 Based on the year of the publication (1942) and the age of Tommy Thompson at the time of the affidavit (79
years), the period discussed here equates to the mid to late 1800s.
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calories per day (cal/d), the assumption that nearly 50% of the Indian diet was salmon, and that
the caloric value of salmon was approximately 1,000 calories per pound* (p. 213-215). This
assumed that salmon provided nearly all dietary protein (primary source of energy) and that other
food sources (such as plants) contributed minimal caloric value to the diet.

Hewes presented various consumption rate estimates for Tribal groups in different regions of
Alaska and the Pacific Northwest compiled from various sources, stating that “while we have
very few quantitative hints for the regions south of Alaska, it is reasonable to suppose that per
capita consumption among intensive fishing peoples in parts of the Plateau...reached amounts
equivalent to at least the lower estimates...” provided for Alaska and the Pacific Northwest by
other authors (p. 223), including the estimate of 365 Ib/d for the Columbia Basin presented by
Craig and Hacker (1940). Acknowledging the guesswork involved, the author made every effort
to develop reasonable rates, based on available ethnographic data for the various Tribes in the
Pacific Northwest and Alaska, weighing salmon consumption by group or area accordingly.
Tribe-specific rates are further discussed in Hewes, 1973 (Section 3.4.1).

3.3.4 Griswold, 1954

In 1954, as part of his dissertation required for a Master of Arts, Gillett Griswold cited
Swindell’s survey of Indian families in the Celilo region of the Columbia Basin, specifically
noting the input factors that, when applied together, would result in an aboriginal per capita
salmon consumption rate of 800 Ib/yr (or 995 g/d). This rate was not presented in his publication
per se (and, therefore, not listed in Table 1), only the factors used to calculate the rate.

Referring to affidavits presented in Swindell’s study, Griswold assumed that each family cured
and stored 30 sacks of salmon for their own use and an additional 10 sacks of salmon for trade
each year, with each sack weighing 100 pounds. This equates to 4,000 Ib/yr per family harvested.
Assuming 5 individuals per family (as stated by Swindell), this equates to a per capita rate of 800
Ib/yr. It should be noted that this rate considers all salmon that was harvested for both ingestion
as well as trade (i.e., not eaten). While this consumption rate was not presented by Griswold in
his dissertation, his input factors (4,000 Ib/yr per family of 5 individuals) were used in the rate
calculation by another author (Walker, 1967, discussed below) to estimate a range of
consumption rates.

3.3.5 Walker, 1967

In 1967, Deward Walker conducted research on behalf of the Nez Perce Tribe and estimated an
average per capita salmon consumption rate of 583 Ib/yr (or 725 g/d) for aboriginal Tribes of the
Columbia Plateau in general (Table 1). This estimate was based on the median value of two
previously reported estimates: 365 Ib/yr (estimated by Craig and Hacker, 1940) and 800 Ib/yr
(calculated from assumptions in Griswold, 1954). Walker also estimated a rate specifically for
the Nez Perce Tribe, which is discussed in Section 3.4.1 below.

4 Calculation: 2000 cal/d * 0.5 * 1 1b/1000 cal = 1 Ib/d
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Walker stated that “in light of the known annual dietary dependence on fish among aboriginal
societies of the Plateau, it seems safe to conclude that the range was between 365 and 800 Ibs.
per capita with the average probably close to the median, i.e., 583 1bs.” (p. 19). It should be
noted that the higher value of this range was calculated from Griswold, which, as discussed
above, includes salmon harvested for ingestion as well as other uses such as trade. Walker noted
that a typical use of fish in the Celilo region was for fuel. He also noted that determining a rate
for particular groups in the Plateau would “require substantial, additional research” (p. 19).

3.3.6 Boldt, 1974

In the 1974 decision, Senior District Judge George H. Boldt ruled in the case regarding Treaty
fishing rights in Washington State. The Judge stated that salmon “both fresh and cured, was a
staple in the food supply” of the Columbia River Tribal fishers, and that salmon was consumed
annually “in the neighborhood of 500 pounds per capita” (or 622 g/d) (p. 72) (Table 1). This case
decision reaffirmed the reserved right of Native Americans in Washington State to harvest fish
from their traditional use areas.

3.3.7 Hunn, 1981

In 1981, Eugene Hunn from the University of Washington, Department of Anthropology, re-
evaluated the assumptions associated with Hewes’ (1947 and 1973) salmon consumption
estimates for Columbia Basin Tribes, suggesting that salmon likely did not provide as many
calories as originally estimated in the aboriginal diet. Although Hunn did not present FCRs in his
publication (and, therefore, no estimate is included in Table 1), he first introduced the concept of
migration calorie loss and waste loss factors, as discussed in Section 3.2 above, and as later
applied to fish consumption estimates by other authors (e.g., Scholz, et al., 1985, and Schalk,
1986).

While Hunn considered Hewes’ estimates to be the most comprehensive to date, Hunn contended
that the caloric calculations were based on commercial fish, which are generally the fattest
species, and which are typically harvested prior to upstream migration. Hunn cited Idler and
Clemens (1959), which concluded that migrating salmon in the Fraser River “lose on average
75% of their caloric potential during this migration” (p. 127). It may be assumed that fewer
calories per pound of salmon upstream results in people consuming more salmon to meet their
daily caloric requirements. However, Hunn stated that other foods, such as roots and bulbs, likely
provided a large caloric percentage of traditional diets. In addition to migration loss, Hunn
determined that only about 80% of the total weight of salmon was edible, therefore introducing
the concept of the “waste loss” factor, later applied by other authors to adjust consumption rates.
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3.4 Nez Perce Tribe Heritage Rates

Below is a summary of the primary source information reviewed on heritage FCRs specific to
the Nez Perce Tribe. Relevant information is presented from each of the following publications
(and summarized in Table 2), including fish consumption estimates and associated assumptions.

e Walker, 1967

e Hewes, 1973

e Marshall, 1977

e Walker, 1985

e Schalk, 1986

e Hunn and Bruneau, 1989

3.4.1 Walker, 1967

In 1967, Deward Walker, in the same publication discussed above, estimated an average per
capita salmon consumption rate of 300 Ib/yr (or 373 g/d) for the Nez Perce Tribe (Table 2). This
estimate was based on the following assumptions: a minimum of 300 fish harvested on a peak
day, a minimum of 10 peak days per year, a minimal average fish weight of 10 pounds per fish,
and a total of 50 historical fishing sites or villages (this last assumption was made from Spalding
in 1936, as noted in Walker, 1967).°> Multiplied together, this value was divided by the total
estimated population at the time of 5,000 people, yielding a total of 300 Ib/yr.

Walker’s (1967) assumptions were identified as minimum estimates. His informants, for

example, estimated 10 to 20 peak days of fish harvest, and Hewes (1947) reported a total
population of 4,000 (which would increase the per capita consumption estimate).

3.4.2 Hewes, 1973

In 1973, continuing on his previous dissertation work, Gordon Hewes presented updated
aboriginal per capita salmon consumption rates for specific Tribes in Alaska, British Columbia,
and the Pacific Northwest, including a rate of 300 Ib/yr (or 373 g/d) for the Nez Perce Tribe
(Table 2). This rate is based on caloric content and daily requirements, population estimates, and
ethnographic accounts of the importance of salmon; it is also based on human dietary demands
only, not including other non-ingestion uses.

Hewes initially published a general rate for salmon consumption by Columbia Basin Tribes
based on assumptions about dietary caloric requirements and the contribution of salmon to
aboriginal diets (see discussion of Hewes, 1947, in Section 3.3.3 above). In this report, Hewes
again presents an average per capita estimate of 365 Ib/yr (or 454 g/d) for the Columbia Basin
Tribes as well as rates for individual Tribes. The Tribe-specific rates account for variability in
salmon dependence between regions and population groups, and they reflect population numbers
available at the time for each Tribe.

5 Calculation: (300 fish/site x 10 peak days/year x 10 Ib/fish x 50 fishing sites) + 5,000 people
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3.4.3 Marshall, 1977

In 1977, working on his dissertation for the Washington State University Department of
Anthropology, Alan Marshall estimated an aboriginal per capita salmon consumption rate of 560
Ib/yr (or 697 g/d) for the Nez Perce, based on total fish harvest (Table 2).

Marshall (1977) estimated the Nez Perce rate based on the following assumptions, the majority
which originated from Walker’s “informants” (1967): a minimum of 300 fish harvested on a
peak day, a minimum of 10 peak days per year, a minimal average fish weight of 10 pounds per
fish, and a total of 94 historical fishing sites or villages. This last assumption (fishing sites) was
increased from Walker’s estimate of 50 (according to information from Schwede, 1966, as cited
in Marshall, 1977).% Multiplied together, this value was divided by the total estimated population
at the time of 5,000 people, yielding a total of 564 Ib/yr, which the author presents as “roughly
560 pounds” that “reasonably approximates the figure” from Walker (1967) for Columbia Basin
Tribes.

3.44 Walker, 1985

In 1985, Deward Walker conducted ethnographic research that included information about the
Nez Perce Tribe; however, the report was never published and remains unavailable due to the
sensitivity of the information it contained. The data presented here is based upon citations in
Scholz, et al. (1985), in which the author included estimates and quotes and, therefore,
apparently had access to Walker’s (1985) report. Walker calculated an average per capita total
(anadromous and resident) FCR of 1,000 Ib/yr (or 1,244 g/d) for the Nez Perce Tribe (Table 2).
Note that this rate intended to include both salmon and resident fish consumption combined in
the estimate.

According to Scholz (1985), Hewes “checked Walker’s new figures for populations and per
capita consumption and agrees with Walker’s revisions” (Scholz, 1985, p. 73). Scholz also stated
that Walker’s (1985) estimates were significantly different from those of Schalk (1986),
discussed below, primarily because Walker assumed higher Tribal population totals (and also
includes resident fish with salmon consumption). Without the original document, however, it is
unclear if Walker’s estimates represent fish ingestion only or include fish used for other
purposes, such as trade and fuel.

3.4.5 Schalk, 1986

In 1986, Randall Schalk calculated salmon consumption estimates for specific Tribes based on
Hewes’ (1947 and 1973) original estimates, including a rate of 647 1b/yr (or 804 g/d) for the Nez
Perce Tribe (Table 2). This rate includes migration and waste loss factors applied to Hewes’
Tribe-specific values. Schalk contended that many of Hewes’ original estimates were biased low
because they were based on:

& Calculation: (300 fish/site x 10 peak days/year x 10 Ib/fish x 94 fishing sites) + 5,000 people
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e A caloric content of fish representing salmon as they enter freshwater in prime condition
(i.e., having more calories than upstream salmon). Schalk stated that “since salmonids
lose an average of 75% of their caloric content during migration (Idler and Clemens
1959), some adjustment should have been made for distance traveled upstream” (i.e.,
applying a migration loss factor).

e The assumption that salmon were eaten in their entirety. Schalk states that assuming the
entire fish was consumed was “unrealistic” and cited Hunn (1981) to state that only
“about 80% of the weight of a salmon is edible” (p.17).

Schalk, therefore, adjusted (increased) Hewes’ consumption rates by applying a migration loss
factor (variable by Tribe depending on how far upstream they harvested salmon) of 58% (0.58)
for the Nez Perce Tribe. Schalk also applied a waste loss factor of 80% (0.80), citing Hunn
(1981), therefore, including inedible fish parts in the fish consumption estimate.

3.4.6 Hunn and Bruneau, 1989

In 1989, Eugene Hunn and C. Bruneau of Pacific Northwest Laboratory (on behalf of the U.S.
Department of Energy at the Hanford Site) estimated an anadromous fish (including salmon,
steelhead, and lamprey) consumption rate of 320 Ib/yr (or 398 g/d) for the Nez Perce Tribe
(Table 2).

Based on the “educated guesses” of previous authors, including Craig and Hacker (1940), Hewes
(1947, 1973), and Walker (1967), Hunn and Bruneau (1989) estimate 400 pounds per person per
year as a “reasonable traditional gross harvest rate” for the Nez Perce. Assuming that the actual
consumption was only 80% of the total harvest, the authors adjusted (reduced) this value (i.e.,
multiplied by 0.80) to account for the edible fraction only.
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4.0 RATE EVALUATION AND DISCUSSION

This section further evaluates and discusses the information presented above, including the
uncertainty associated with the rate adjustment factors and other assumptions influencing rate
calculations.

4.1 Factors Influencing Consumption Rates

The migration calorie loss factor and waste loss factor are considered here, particularly regarding
the uncertainty associated with applying these adjustment factors to heritage rates. Other factors
that influence the calculation of heritage rates and that may also increase uncertainty of the
estimates include population size estimated at the time, number of fishing sites, and reliability of
ethnographic data in general.

4.1.1 Migration Calorie Loss Factor

For a number of reasons, the application of the migration calorie loss factor as described above
introduces a high degree of uncertainty into the revised estimates of tribal fish consumption. The
study that forms the basis of this adjustment (Idler and Clemens, 1959) is based on one year’s
run of one species of salmon (sockeye) in one watershed (the Fraser River). The conclusions of
this study are then broadly applied to all salmon species within a different watershed (the
Columbia River), even though it is estimated that sockeye accounted for only 7% of the Upper
Columbia salmon harvest (Beiningen, 1976 as cited in Scholz, et al., 1986). The degree to which
different salmon species lose calories at different rates or in different proportions during
spawning migration, and the degree to which the Columbia River and Fraser River watersheds
differ (in length, elevation change, etc.) all affect the degree of uncertainty associated with the
calculation and application of a migration calorie loss factor.

The migration calorie loss factor is based on a gross percentage of calories lost by a sockeye
salmon during spawning migration in the Fraser River (i.e., ending calories compared to
beginning calories). However, the factor is applied in revising consumption rates as though it
represents the amount of calories lost per pound consumed, which is not the same; salmon not
only lose calories during migration, they also lose weight. Based on measurements collected by
Idler and Clemens (1959), the average overall weight loss during spawning migration was 25%,
and the loss in caloric density (calories per gram) was therefore about 65%, as opposed to 75%.
Table 3 provides the total calories, total weight (in grams), and caloric density (in calories per
gram) of sockeye salmon measured at various stages in the Fraser River (from Idler and
Clemens, 1959).

Further, the overall decrease in caloric potential was based on measurements of sockeye salmon
that have spawned and died in headwater streams. Michael Kew (1986) describes the results of
the Idler and Clemens study as follows:
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“As a general rule, the further from the sea a salmon is, the less fat and protein it
carries. The loss is considerable. Total caloric value of a sockeye, measured at
the river mouth, will be reduced to nearly one-half when it reaches the Upper
Stuart spawning grounds, one thousand kilometers from the sea. After the
enriched gonads have been expended in spawning and the fish die on these upper
streams, they will have lost over 90 percent of their fat and one-half to two-thirds
of their protein (Idler and Clemens, 1959; reviewed in Foerster, 1968: 74-6).”

As Kew notes, there is a significant difference in caloric potential between the time a salmon
reaches its spawning grounds and the time it has spawned and died. Based on measurements
collected by Idler and Clemens (1959), the average sockeye loses almost 15% of its caloric
density (calories per pound) between the time it reaches its spawning grounds and the time it has
spawned and died. At the time a sockeye salmon reaches its spawning grounds in the upper
Fraser River watershed, it has lost about 50% of its caloric density (Table 3).

Still further, the derivation of the migration calorie loss factor relies on the assumption that the
salmon harvest location is at “the approximate middle of each group's territory” (Hunn, 1981).
To the extent that a majority of salmon harvest occurs either downstream or upstream of this
point, the migration calorie loss factor would either overestimate or underestimate, respectively,
the effect on the consumption rate.

Mullan, et al. (1992) note that caloric losses in salmon are generally related to mileage of
migration, but not directly. “Idler and Clemens (1959) show much higher energy expenditures by
sockeye in some river reaches than others, and higher rates for females than males. In other
words, caloric content is not linear in relation to distance.” Further, Mullan notes that in
migration and maturation the fish tend to mobilize fat reserves and resorb organs (e.g., gastro-
intestinal tract), and “[t]hus they lose weight, but not necessarily caloric content, between
cessation of ocean feeding and nominal freshwater capture.”

While the idea of adjusting calorie-based consumption estimates to account for migration calorie
loss does not seem unreasonable, based on the uncertainty described above, it most likely tends
to overestimate salmon consumption relative to Hewes’ original estimates (because it likely
overestimates calorie loss per pound). Since sockeye salmon lose approximately 50% of their
caloric density upon reaching their spawning grounds, a maximum migration calorie loss factor
of 50%, as opposed to 75%, may be more consistent with the supporting research (although the
existing research is limited to a single species of salmon). Hewes’s diet and calorie-based
consumption estimate for the Columbia Plateau Tribes is identical to that proposed by Craig and
Hacker (1940), which is not based on caloric intake but on observation and review of the ethno-
historical literature (although it is “admittedly liable to a wide margin of error”).

4.1.2 Waste Loss Factor
Incorporating a waste loss factor to revise Hewes’s fish consumption estimates has the effect of
increasing the consumption rate (relative to Hewes’s estimate) by 25%. If the interest is in
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understanding how much individuals consumed (ingested), as opposed to “used,” then the use of
a waste loss factor is not appropriate. Essentially, this factor adjusts a consumption rate,
increasing it by 25%, to account for the portion of fish NOT consumed. Consumption estimates
that have been revised to account for a waste loss factor (as in Scholz et al., 1985, and Schalk,
1986) would tend to overestimate consumption (ingestion) by 25%, relative to the “unrevised”
rates.

Some estimates of consumption by Tribal groups are based on an estimate of total harvest and
total population. For example, some authors estimate a total harvest (in pounds) based on the
number of fishing sites, number of fishing days, efficiency of fishing techniques, average weight
of fish, etc., and simply divide the total estimated harvest by the total estimated tribal population
to arrive at an annual per capita consumption rate. However, this type of estimate does not
account for the fact that only a portion of each fish may be edible (i.e., 80%), and may tend to
overestimate the amount that people are actually consuming.

Mullan, et al. (1992) suggested that, because many Tribal groups prepared and consumed most
parts of the salmon, including organs, eyes, eggs, etc., the inedible waste was much less than
20%, arguing that “waste factor of a salmon amounted to bones only, under 10% of body
weight.”

4.1.3 Other Assumptions used to Develop Consumption Rates

In addition to the rate adjustment factors discussed above, other assumptions that various authors
have made in developing consumption rates introduce varying degrees of uncertainty to the
estimates, including those discussed below.

Ingestion, Harvest, and Consumption

As discussed in Section 3.1, the effort here is to summarize estimates of fish ingestion which
may be relevant to the development of Tribal water quality standards. The degree to which
estimates of Tribal fish consumption in the various studies include uses in addition to ingestion
may affect their applicability to Tribal regulatory or policy development.

Percent of Diet Supplied by Fish

The calorie-based consumption estimates developed by Hewes, which form the basis for a
number of subsequent estimates, are based on the assumption that salmon account for about 50%
of the average Columbia Basin aboriginal diet. Many authors have made similar estimates, while
others have assumed either higher or lower dietary estimates. While 50% of the diet (i.e., 50% of
total calories) is among the most common estimates, the degree to which a specific Tribe has a
higher or lower percentage of diet supplied by fish can affect the accuracy of the calculated
consumption rate.

Salmon and Resident Fish Consumption
Because of the importance of salmon to the Columbia Basin Tribes, and because many studies
have attempted to evaluate the impact of the hydroelectric system on anadromous fisheries, a
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majority of the studies evaluated focused exclusively or primarily on the harvest and
consumption of salmon. The degree to which individual Tribal groups relied on resident fish,
either to supplement or to substitute for salmon consumption, will affect the accuracy of
consumption estimates included in these studies relative to total fish consumption.

Tribal Population Estimates

Some authors have estimated total fish consumption for various Tribal groups by estimating an
overall harvest rate and dividing that rate by the total Tribal population to develop an average per
capita estimate. Therefore, the accuracy of population estimates may directly affect the accuracy
of consumption estimates developed using this approach.

Number of Fishing Sites, Fishing Methods, and Fishing Efficiency

Some authors have developed consumption estimates based on assumptions about the type and
effectiveness of Tribal fishing methods and the number of harvest locations utilized by
individual Tribes or Tribal groups. The degree to which these assumptions are accurate will
directly affect the accuracy of consumption estimates using this approach.

4.2 Heritage Fish Consumption Rates (FCRs)

The heritage rates estimated for the Columbia Basin Tribes and, specifically, the Nez Perce
Tribe, introduced in Sections 3.3 and 3.4 above, are evaluated in more detail below, including
discussion of the assumptions and uncertainty associated with the estimates.

4.2.1 Columbia Basin-Wide Heritage Rates

Craig and Hacker (1940) presented the first estimate of per capita salmon consumption for
aboriginal Tribes of the Columbia Basin of 365 Ib/yr (or 454 g/d), which was based on historical
ethnographic observations, although acknowledged by the authors as likely having a wide
margin of error. Hewes (1947) validated this rate with additional assumptions related to average
dietary caloric requirements, the contribution of salmon to the aboriginal diet, and a caloric value
for salmon. These assumptions (a 2,000 calorie diet, 50% of the diet was salmon, and salmon
contained 1,000 calories per pound), while generalized, provided additional justification for this
rate. Hunn (1981) later re-evaluated Hewes’ assumptions by suggesting that migration calorie
loss and inedible waste loss factors should be considered. While variability exists in how many
calories each salmon contained and how much of each salmon was eaten, the method for
developing and applying such “adjustment factors” (discussed in Section 4.1 above), as done to
aboriginal rates by other authors (Scholz, et al., 1985, and Schalk, 1986), may have added a level
of uncertainty to those estimates.

Shortly after Craig and Hacker (1940) published the first aboriginal salmon consumption
estimate, Swindell (1942) published a very similar estimate of per capita salmon consumption of
322 Ib/yr (or 401 g/d) for the Tribes of the Celilo Falls region. This value was based on
interviews with Indian families, including affidavits of extensive salmon consumption and use,
and total harvest (according to sacks of fish and average weights per fish). Griswold (1954) later
cited Swindell’s work, referring to these affidavits, to calculate a total annual harvest of 4,000
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pounds per family. Although Griswold did not calculate a per capita consumption rate in his
publication, Walker (1967), by assuming 5 individuals per family, calculated a per capita rate of
800 Ib/yr (or 995 g/d) for an upper range of fish consumption. Based on per capita FCRs ranging
from 365 Ib/yr (presented in Craig and Hacker, 1940, and Hewes, 1947) to 800 Ib/yr (calculated
from Griswold, 1954), Walker (1967) calculated an average (median) per capita salmon
consumption rate of 583 Ib/yr (or 725 g/d). A few years later, Boldt (1974) stated that Columbia
River Tribes consumed (as food supply) a comparable rate of about 500 Ib/yr (or 622 g/d) of
salmon.

It is important to remember that the rate calculated from Griswold’s (1954) information reflects
salmon that was harvested for both consumption as well as trade (i.e., salmon not ingested). If all
other assumptions hold true, based on Swindell’s (1942) information (3,000 1b/yr harvested per
family for consumption, 5 individuals per family”), a more accurate per capita upper range for
fish consumption as defined for this report would be 600 Ib/yr (or 746 g/d). If this alternate value
is used from Griswold (1954), calculating an average rate similar to Walker’s approach would
result in an average rate of 483 Ib/yr (or 600 g/d). See Table 1.

4.2.2 Nez Perce Tribe Heritage Rates

In addition to estimating an average consumption rate for aboriginal Tribes of the Columbia
Basin in general, Walker (1967) also estimated a rate specific to the Nez Perce Tribe. He
estimated an average per capita salmon consumption rate of 300 Ib/yr (373 g/d) based on
estimates of fish harvest on peak days, number of fishing sites, average fish weight, and total
population. Hewes (1973), continuing his earlier dissertation research from 1947, published his
estimates for various Tribes, including the Nez Perce, based on fish caloric content and daily
requirements, population estimates, and ethnographic accounts of the importance of salmon
among different Tribes. He estimated an average per capita salmon consumption rate identical to
Walker (1967) of 300 Ib/yr (or 373 g/d) for the Nez Perce Tribe. Marshall (1977) believed
Hewes’ rate to be a minimum estimate; he calculated an average per capita salmon consumption
rate of 560 Ib/yr (or 697 g/d) based on the same assumptions as Walker (1967), but assuming
nearly twice the number of fishing sites.

Schalk (1986) later applied migration and waste loss factors to Hewes’ estimate (dividing
Hewes’ rate of 300 Ib/yr by 0.58 and 0.80), yielding a higher salmon consumption rate of 647
Ib/yr (or 804 g/d) for the Nez Perce Tribe. Taking a slightly different approach, Hunn and
Bruneau (1989) removed the inedible fraction from a total harvest estimate (multiplying a
harvest rate of 400 Ib/yr by the 0.80 waste loss factor), yielding a lower anadromous FCR
(including consumption of salmon, steelhead, and lamprey) of 320 Ib/yr (or 398 g/d).

In 1985, Walker expanded upon his previous work from 1967 and calculated Tribe-specific per
capita total FCRs for individual tribes, including 1,000 Ib/yr (or 1,244 g/d) for the Nez Perce

7 If the10 sacks of salmon that were harvested for trade are removed from the equation, the 30 sacks of fish
consumed at 100 pounds = 3,000 pounds (per family).
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Tribe. Although this study remains unpublished, the estimates were presented (with supporting
information) by Scholz (1985). Walker’s estimates appear to be the only rates (of those presented
here) that reflect use of both anadromous and resident fish; however, since the report is
unavailable, it cannot be verified if these estimates account for only fish ingested or include fish
used for other purposes (such as trade). See Table 2.
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6.0 TABLES

Notes/Footnotes for Tables:

Y Includes a migration calorie loss factor (based on Hunn, 1981, citing ldler and Clemens, 1959)
to adjust estimates based on caloric intake.

2 Waste loss may be accounted for either in direct observation (i.e. the author is citing
consumption of fish that had been prepared for consumption, as was done by Craig and Hacker
and Swindell) or by adjusting the amount of fish harvested by a waste loss factor loss factor (0.8,
based on Hunn, 1981) to translate from amount consumed to amount harvested. For
consumption rates derived using caloric analysis, waste loss is inherently accounted for, as
calories consumed are converted into edible fish mass consumed.

Estimates based on ethno-graphic observation sometimes appear to be based on amounts actually
consumed (e.g. Craig and Hacker; Swindell) and sometimes based on amounts harvested (e.g.
Walker; Marshall). Those based on the amount harvested would include the inedible (waste
loss) portion, and would likely overestimate consumption. They may also include harvest for
other uses, although that is not specifically stated in most studies.

Different studies address “waste loss” differently. Most that use the “waste loss factor”, like
Schalk and Scholz, use the factor to translate from a consumption rate to a harvest rate, so they
tend to inflate the consumption rate (by dividing by 0.8). Other studies (e.g. Hunn and Bruneau,
1989) use the same factor to translate from a harvest rate to a consumption rate (by multiplying
by 0.8). So both studies “account” for waste loss, but they do so to opposite effect.

Here is an excerpt from Hunn and Bruneau:

“Based on these educated guesses, I use 500 pounds per person per year as a
reasonable traditional gross harvest rate for "River Yakima™ and 400 pounds for
the Nez Perce (cf. Walker 1973:56) and the Colville. Actual consumption is
estimated at 80% for the edible fraction (thus 400 and 320 pounds respectively).”
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Table 1: Average Heritage Fish Consumption Rates for the Columbia Basin Tribes

Reference Methodology Species Rate in | Rate Derivation Includes
Evaluated | g/day (Note: +/-/U indicates whether the way in
which a particular factor was addressed
causes an increase, decrease, or unknown
impact on the FCR)
Uses Besides | Migratory Accounting
Consumption | Caloric Loss | for inedible
Factor ! portion 2
Craig & Ethnographic Salmon, 454 Not presented No (+) No (-) Yes (U)
Hacker 1940 | Observation sturgeon,
trout
Swindell Ethnographic Salmon 401 1611 Ib salmon/year + 5 people/family x 454 g salmon/Ib salmon + 365 days/year No (+) No (-) Yes (U)
1942 Observation
Hewes 1947 | Caloric Analysis Salmon 454 2000 calories/day x 50% of diet as salmon x 1000 calories/Ib salmon x Ib salmon/454 g salmon Yes (-) No (-) Yes (U)
Griswold Ethnographic Salmon 746 30 sacks salmon/year/family x 10 Ib salmon/sack x family/5 people x 454 g salmon/Ib salmon x No (+) No (-) No (U)
1954 Observation year/365 days
Griswald cited 40 sacks of salmon per family were obtained with 30 retained for family use and 10
used for other purposes.
Walker 1967 | Evaluation of Craig | Salmon 725 Average of 454 g/day (from Craig and Hacker, 1940) and 995 g/day (from Griswold 1954). The Yes (+) No (-) No (U)
& Hacker 1940 and Griswold value was based on families obtaining 40 bags of salmon, 30 for consumption and 10 for
Griswold 1954 trade.
995 g/day = 40 sacks salmon/year/family x 100 Ib salmon/sack x family/5 people x 454 g salmon/Ib
salmon x year/365 days
Boldt 1974 | Undocumented, Salmon 622 500 Ib salmon/person/year x 454 g salmon/lb salmon x year/365 days Unknown (U) | No (-) Unknown
(United (V)
States v.
Washington, 384 F.
Supp. 312
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Table 2. Average Heritage Fish Consumption Rates for the Nez Perce Tribe

Reference Methodology Species Rate in | Rate Derivation Includes
Evaluated | g/day (Note: +/-/U indicates whether the way in
which a particular factor was addressed
causes an increase, decrease, or unknown
impact on the FCR)
Uses Besides | Migratory Accounting
Consumption | Caloric Loss | for inedible
Factor ? portion 2
Walker 1967 | Ethnographic Salmon 3732 300 fish/peak day/fishing site x 10 peak days/year x 10 Ib tissue/fish x 50 fishing sites + 5000 total | Unknown (U) | No (-) Unknown
observation citing population (from Spalding 1936) (9)]
Spalding 1936 466" a: assumes population of 5000
b: assumes population of 4000 (Hewes 1947)
Hewes 1973 | Caloric Salmon 373 No (+) No (-) No (U)
Analysis/Ethnograph
ic Observation
Marshall 1977 | Ethnographic Salmon 701 300 fish/peak day/fishing site x 10 peak days/year x 10 Ib salmon/fish x 94 fishing sites x 454 g Unknown (U) | No (-) No (U)
Observation citing salmon/Ib salmon + 5000 total population
Walker
Note: fishing sites increased from 50 to 94 based on Schwede 1966
Walker 1985 | Ethnographic Salmon & 1,244 Methodology not presented Unknown (U) | Unknown (U) | Unknown
Observation, Resident (9)]
unpublished by cited
by Scholz 1985
Schalk 1986 | Ethnographic Salmon 804 300 Ib salmon/year/person x 454 g salmon/Ib salmon X year/365 days + 0.58 caloric loss factor + Unknown (U) | Yes (+) Yes (+)
Observation citing 0.8 edible fraction.
Hewes 1947 and
1973 Modified consumption rates of Hewes 1947 and 1973. Hewes (1973) assumed a consumption rate
of 300 Ib/year. Assumed that caloric content of fish was reduced during migration. For the Nez
Perce, there was a 58% reduction in caloric value. Further, not all parts of the salmon are edible.
Schalk assumed 80% of the fish was consumed.
Hunn and Ethnographic Salmon, 398 400 Ib salmon/year/person x 454 g salmon/pound of salmon x year/365 days x 0.8 edible fraction Unknown (U) | No (-) Yes (-)
Bruneau Observation, derived | Steelhead,
1989 from: Craig and Lamprey Based on review of references cited in the methodology column, Hunn and Bruneau estimated the
Hacker 1950; Hewes annual salmon harvest per person at 400 Ib/year
1947 & 1973;
Walker 1967
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Table 3. Spawning Migration and Calorie Loss (Fraser River)

Fraser River Location

Total Calories!

Total Weight!

Caloric Density

(kCal) (grams) (calories/ gram)
At River Mouth 5173 2,585 2.00
At Spawning Grounds 2,248 2,363 0.95
After Spawning and Death 1,334 1,917 0.70
gerl;)cuerr]lé| SLoss at Spawning 5704 9% 5204
Percent Loss After Spawning and 74% 26% 65%

Death

Notes:

All values are based on Idler and Clemens, 1959.
1Based on average of male and female values.
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1.0Preface to Volume Il

This report of fish consumption rates (FCRs), which includes both finfish and shellfish, among
the Nez Perce Tribe is a step toward quantitatively documenting the role of fish in the life of the
Tribe. The FCRs from this survey can be used by the Tribe, by the State of Idaho and by other
bodies to inform and guide the effort to assess risks posed by contaminants in fish for
populations with a high level of fish consumption.

While the results of this report are numeric, the numbers are only a companion to the Nez Perce
culture, heritage and vision for their future. It may help the reader to know more about the Nez
Perce Tribe, the role of fish in the lives of its members and the activities of the Tribe in relation
to fish and fishing. VVolume 1 of this report on heritage fish consumption rates (FCRs) includes
material that provides a better understanding of the Tribe’s longstanding relationship and
dependence on fish and fishing.

The Nez Perce Tribe Final Survey Design document located in Appendix G of VVolume Il1
provides more detailed information on the Nez Perce Tribe. The design report covers a number
of topics, including the background and purpose of the survey, the survey objectives for the
Tribe, the importance of heritage FCRs to the Tribe, the suppression of fish consumption over
time, the role of the current survey and a historic assessment.

About this volume. Volume Il of this report is based on all survey data collected for the purpose
of calculating FCRs. The report also presents results based on other information provided by
respondents, such as frequency of fishing and other fish-related activities.
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2.0 Acronyms and Abbreviations

AMPM
AWQC
CAPI
CRITFC
EPA
FCR
FFQ

g
HSSRO
ID DEQ
IRB

NCI
NHANES
NPT
SBT
USRTF

Automated Multiple Pass Method

Ambient Water Quality Criteria
Computer-Assisted Personal Interviews
Columbia River Inter-Tribal Fish Commission
Environmental Protection Agency

Fish Consumption Rate(s)

Food Frequency Questionnaire

Grams, as in g/day

Human Subjects Research Review Official
Idaho Department of Environmental Quality
Institutional Review Board

National Cancer Institute

National Health and Nutrition Examination Survey
Nez Perce Tribe

Shoshone-Bannock Tribes

Upper Snake River Tribes Foundation
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3.0 Executive Summary

3.1 Introduction and Purpose

This is a report on fish consumption by the Nez Perce Tribe (NPT). The numeric FCRs (edible
mass of uncooked finfish and/or shellfish in grams per day) presented here are based on two
statistical methods and two types of data used to estimate FCRs. One method uses a food
frequency questionnaire (FFQ), wherein survey respondents directly provide estimates per
species of frequency of consumption, portion sizes and duration of their consumption seasons
during the past year. The analysis results provide means and percentiles of FCRs for the Nez
Perce Tribe. The second statistical method uses responses to questions asked on two separate
days about fish consumption “yesterday” (a 24-hour recall period). The 24-hour data along with
some accepted and plausible statistical modeling yields, again, means and percentiles of FCRs.
The purpose of the report is to quantitatively describe current fish consumption and related
activities of the Nez Perce Tribe. The FCRs from this survey can be used by the Tribe, by the
State of Idaho and by other bodies to inform and guide the effort to assess risks posed by
contaminants in fish for populations with a high level of fish consumption.

The data analyzed in this report are based on interviews conducted from May 2014 to May 2015.
The earliest in-person interview (including the FFQ and first 24-hour recall) that supplied
useable data for this report occurred on May 10, 2014. The last in-person interview occurred on
April 24, 2015. Telephone interviews continued through May 4, 2015 to complete the second 24-
hour dietary recall interview.

3.2 Survey Methods

The survey covered adult tribal members (age 18 and over) residing in ZIP codes falling within
approximately 50 miles of two major tribal centers, Lapwai and Kamiah, which are 60 miles
apart by road. Children and teenagers were not included in the survey due to the additional time
and resources that would have been needed for development, interviewing and analysis. The
geographic scope was selected in consideration of the logistics of interviewers needing to reach
respondents as well as to select a sample that would represent Nez Perce fish consumers specific
to Idaho. A stratified random sample was drawn from tribal enrollment files, where the strata
were defined by gender and age. The sample size of each stratum was chosen to be in proportion
to the size of the stratum in the tribal enrollment file. Within each stratum, members were drawn
randomly. Tribal fishers (“Tribal members who fish”) were identified from a roster maintained
by the Tribe; a number of fishers were included in the sample and were interviewed. A fish
consumption rate is reported for the fishers as a distinct population.

Tribal interviewers were employed and trained to administer the questionnaire. Tribal
interviewers (rather than non-tribal interviewers) were selected, because tribal members are more
likely to accept and open up to an interview from a fellow member of the Tribe (including
accepting a home interview) than from someone outside the Tribe. In addition, tribal members
have a very wide network of relatives and friends within the tribal community; the interviewers’
network proved to be very helpful in locating sampled members (sometimes the most difficult
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step) and gaining their cooperation for an interview. The Tribal leadership and staff expressed, in
advance, the importance of using tribal interviewers, and that choice was also made in other
Pacific Northwest fish consumption surveys of Native Americans (CRITFC, 1994, Toy et al,
1996, Suquamish Tribe, 2000). As noted later (Section 5.14, Design Changes) non-tribal
interviewers were used for some interviewers under special circumstances. In order to facilitate
coordination and maintain data quality, interviewers worked closely with the staff of the survey
research firm charged with implementing the survey. Respondents were offered an incentive for
participation in the survey, financed by the Tribe. Incentives included entering respondents who
completed interviews into a raffle drawing (approximately $1000 worth of prizes were
available), t-shirts and paid time off for Tribal employees who were sampled. Respondents to the
survey answered questions about species consumed (frequency and quantity), covering
consumption over the past year, as well as answering questions about fish consumption
“yesterday” (the 24-hour recall). The questions on 24-hour recall were repeated in a separate
interview (usually by telephone) administered on a later day, chosen with enough lag after the
first interview (at least 3 days) to provide an independent assessment of the respondent’s
consumption. An attempt was made to match the first and second interview timing during the
seven days of the week so that the two interviews would both either be on a weekday or a
weekend day.

The questions about consumption over the past year followed the format of a food frequency
questionnaire (FFQ), which is common in dietary studies. The analysis of the FFQ data provides
an estimated average daily fish consumption rate in grams/day for each respondent and for any
species or species group referenced in the survey. Data from the two 24-hour recall interviews
were analyzed using the “NCI method”—a methodology developed by the National Cancer
Institute and other researchers. The NCI method yields a distribution of the usual fish
consumption rate in grams/day. The results of the NCI method are also presented here. Both FFQ
and 24 hour recall questionnaires can be found in Appendix A.

The statistical analysis included development of appropriate statistical weights in an effort to
provide unbiased estimates of fish consumption for the Tribe. These weights are expected to
correct for some or all of the potential response bias due to differential response rates across
demographic groups of the Tribe. Specifically, the respondents in demographic groups with a
smaller response rate (relative to other groups) needed to be given a greater statistical weight so
that all demographic groups would be appropriately represented in the analysis. . The mean,
median and percentiles of fish consumption are reported for all species combined (species Group
1), for near coastal, estuarine, freshwater and anadromous species (species Group 2), and for
other species groups. Additional fish consumption statistics are provided for demographic sub-
groups of the Tribe.

This survey project includes an analysis of heritage rates—the FCRs of the Tribe that were in
place prior to modern environmental and social interference with its fishing practices. The
current consumption rates presented here, combined with the heritage rates (see Volume 1),
provide a range of potential future fish-consuming populations (and associated FCRs) to be
considered in the effort to protect people with a high level of fish consumption.
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3.3 Results

A sample of 1,250 adult tribal members (age 18 or older) was drawn from enrollment files,
representing 46% of the 2,727 adult members recorded in the files. Over the course of the
interview period, 460 members were interviewed and provided sufficient information to classify
them as fish consumers or non-consumers and to calculate an FFQ consumption rate for the
consumers. The response rate for the survey is 38%. Only 9 of the respondents were non-
consumers, and, using appropriate survey weighting, this count leads to an estimate of 3% non-
consumers in the Tribe. The FCRs for the Tribe are summarized briefly in Tables S1 and S2.
Additional FCRs are provided in the body of this report.

The Tribe’s estimated current consumption rates are high relative to the U.S. general population
(Table S3), and the rates for the population of fishers in the Tribe is substantially higher. The
consumption rates are skewed toward high consumption rates for each of the population and
species groups presented in Tables S1 and S2; the 95! percentile is several-fold larger than the
median, typically an indication of skewness toward large values. The mean and percentiles of
consumption by the NCI method are smaller than those by the FFQ method. The mean, median
and 95" percentile rates by the NCI method are, respectively, 61%, 70% and 53% as large as the
rates from the FFQ method for Group 1 species. The corresponding NCI/FFQ ratios are 64%,
59% and 71% for Group 2 species, respectively.

Table S1. Mean, median and selected percentiles of FFQ and NCI method FCRs (g/day,
raw weight, edible portion); consumers only. Estimates are weighted.

Percentiles
Species Group* No. of Consumers | Mean | 50% | 90% | 95%
Group 1 - FFQ 451 | 1234 | 70.5| 270.1 | 437.4
Group 1 - NCI Method 451 | 75.0| 49.5]173.2|232.1
Group 2 - FFQ 446 | 104.0 | 61.3 | 231.4 | 327.9
Group 2 - NCI Method 446 | 66.5| 36.0 | 159.4 | 233.9

Group 1 includes all finfish and shellfish. Group 2 includes near coastal, estuarine, freshwater, and anadromous
finfish and shellfish.

Table S2. Mean, median and selected percentiles of FFQ and NCI method FCRs (g/day,
raw weight, edible portion) for fishers and non-fishers; consumers only. All rates are for
total (all species, Group 1) consumption. Estimates are weighted.

Percentiles
Group No. of Consumers | Mean | 50% | 90% | 95%
Fishers - FFQ 138 | 171.8| 98.0 | 436.8 | 543.5
Fishers - NCI Method 138 | 98.2| 64.7|229.2 | 305.0
Non-fishers - FFQ 313 | 107.9| 65.5|232.9 | 337.7
Non-fishers - NCI Method 313| 67.6| 45.6 | 155.1 | 206.0
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3.4 Discussion

The FFQ FCRs presented here for the Nez Perce Tribe are generally higher than those observed
in other Pacific Northwest tribal fish consumption surveys, such as the Columbia River Inter-
Tribal Fish Consumption survey (which included the Nez Perce Tribe, see CRITFC, 1994), with
an exception being the surveys of the Suquamish Tribe and the Shoshone-Bannock Tribes. The
NPT’s FFQ mean consumption rate is from 50% to 100% larger and the 95" percentile of
consumption is from 56% to 125% larger than the corresponding FFQ estimates of the other
tribes in Table S3, except the Suquamish and Shoshone-Bannock Tribes. The NPT’s NCI-
method rates are also several-fold higher than the NCI-method FCRs for the U.S. general
population and the Shoshone-Bannock Tribes (Table S3). Reasons for the NCI-based
consumption rates (likely to be more accurate than the FFQ rates) being lower among the
Shoshone-Bannock than among the Nez Perce is that the Shoshone-Bannock Tribes have less
access to the more abundant fisheries than the Nez Perce Tribe; the presence of a number of
dams limits access of anadromous fish to Shoshone-Bannock fisheries. In addition, the
environmental damage to the Shoshone-Bannock reservation is greater than that affecting the
Nez Perce Reservation. There are five Superfund sites within the group of ZIP codes used to
define the survey sample area for selecting adult members of the Shoshone-Bannock Tribes.
There are no Superfund sites in the corresponding area for the Nez Perce Tribe.!

Table S3. Total FCRs (g/day, raw weight, edible portion, all species combined) of adults in
Pacific Northwest Tribes (with consumption rates available) and the U.S. general
population. Consumers only.

No. of Consumers Percentiles
Population Mean 50% 95%
Nez Perce Tribe - FFQ 451 123.4 70.5 437.4
Nez Perce Tribe — NCI 451 75.0 49.5 232.1
Method
Shoshone-Bannock 226 158.5 74.6 603.4
Tribes - FFQ
Shoshone-Bannock 226 34.9 14.9 140.9
Tribes — NCI Method
Tulalip Tribes 73 82.2 445 267.6
(Toy, et al, 1996)
Squaxin Island Tribe 117 83.7 44.5 280.2
(Toy, et al, 1996)
Suguamish Tribe 92 213.9 132.1 796.9
(The Suguamish Tribe,
2000)
Columbia River Tribes 464 63.2 40.5 194.0
(CRITFC, 1994)
USA — NCI Method *16,363 23.8 17.6 68.1
(U.S. EPA., 2014)

*Adults > 21 years old; includes both consumers and non-consumers.

! Email (with maps showing Superfund sites) from James Lopez-Baird (EPA) to Lon Kissinger (EPA), 9/25/15.
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This survey has strengths and limitations. One strength is the use of a unique frame for drawing
the sample: tribal enrollment records. The use of the enrollment records avoided a costly effort to
develop an alternative frame for sampling. The random sampling (as opposed to, for example, a
convenience sample) and the adjustment for non-response through statistical weighting are
additional strengths. Yet another strength is the presence in the survey team of considerable
relevant experience in: survey fieldwork (Pacific Market Research), conducting surveys of other
Native American tribes and minority ethnic groups (The Mountain-Whisper-Light and Pacific
Market Research), conducting statistical analysis and reporting results of Native American fish
consumption surveys (The Mountain-Whisper-Light), and working with Native Americans on
environmental issues (Ridolfi). The use of the NCI method (and collection of related data very
close to the interview date) is another strength, as is the use of two distinct methods to assess
dietary intake—FFQ and 24-hour recall—combined with analyses to estimate usual intake of
fish. These, taken together, provided a very comprehensive study on fish consumption.

The NCI method results are probably closer to the true consumption rate distribution for the
Tribe, but the FFQ consumption rates are also plausible. The truth probably lies somewhere in
between, though likely closer to the NCI-method rates, which are based on consumption
‘yesterday’ (24-hour recall) rather than on memory of the preceding year’s consumption. (A
report on the OPEN study by Subar et al, 2003, found that 24-hour recall data were more
accurate than FFQ data in predicting total energy and protein intake.)

An additional strength of this survey was the close collaboration between the Tribe and the
contractor’s staff along with the EPA and tribal organizations, as well as all of the many
individuals that were required to bring the survey to fruition. Other strengths of this survey
include the use of carefully trained tribal interviewers, the use of in-person interviews which also
utilized portion display models and photographs, the use of the CAPI? interview model, the span
of time during which the survey was carried out, covering multiple periods of fish runs and
seasons, and the level of detail obtained on consumption by species. The span of the survey
allowed evaluation of seasonal and temporal impacts on FCRs (although the evaluation was
limited by a relatively small number of respondents for some months of the survey).

One limitation of the survey is that a number of cases had missing data which had to be imputed
to be able to retain the respondent’s other responses for inclusion in the survey. However, a
sensitivity analysis reported in Appendix C suggests that the imputations had little impact on the
final results. Another potential limitation of this interview-guided survey (and of any dietary
survey) is the possibility of social desirability bias, where some individuals may have the
tendency to over- or under-report consumption due to perceived social norms (Herbert, et al.,
1995).

The survey had a modest response rate of 38%. The four other fish consumption surveys of
Pacific Northwest Indian Tribes have had response rates over 60% (CRITFC, Squaxin Island,
Suquamish and Tulalip surveys). While the statistical weighting may have addressed the
potential selection bias that may occur when there is a response rate of this magnitude, it is
possible that those in the sample who were not reached and interviewed do have a different

2 See section 5.8 for a description of the CAPI method of interviewing. CAPI: computer-assisted personal
interviewing.
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consumption rate, on the average, than those included. That is an unknown at this time, and the
response rate of 38%, by itself, does not discredit this survey. The 95% confidence interval
widths presented later in this report allow interpretation of uncertainty in the FCRs presented.
The estimated value that the confidence interval brackets is the best statistic to use in in assessing
FCRs.

An important lesson learned from this survey experience is that the involvement of the leadership
and staff of the Tribe and the incentives financed by the Tribe were critical to the success of this
project and should be considered important factors in developing other fish consumption surveys
of Native Americans.

3.5 Conclusion

The Nez Perce Tribe has FFQ FCRs that are among the highest in the Pacific Northwest and both
the FFQ and NCI-method means and percentiles are many-fold higher than consumption rates of
the U.S. general population® (Table S3). FCRs determined using the NCI method were lower
than those determined using the FFQ approach. Mean FCRs for Group 1 species (all finfish and
shellfish) and Group 2 species (near coastal, estuarine, freshwater, and anadromous finfish and
shellfish), based on the NCI method, were, respectively, 39% and 36% lower than means
obtained via the FFQ approach.

3 In Table S3, the quoted USA national rate includes non-consumers. An analysis of data from an NHANES survey
period (2003—2006) overlapping the reference period (2003—-2010) for the NHANES-based rates quoted in Table S3
indicated that only a small fraction of the U.S. population are non-consumers of fish. (See Polissar, et al, 2014,
Table 8 and text following it.) An analysis of 7,145 NHANES respondents from the 2003—2006 survey period,
including respondents who supplied 24-hour recall data and completed the FFQ portion of the questionnaire, showed
that 680 (9.5%) of the respondents could be labeled as fish “non-consumers”—based on their FFQ responses. Some
of these “non-consumers,” however, would be “consumers” based on the foods they reported eating on the 24-hour
recalls. Some of the respondents with inconsistent consumer/non-consumer status between the 24-hour recall and
FFQ fish consumption reports may have eaten very small, undetected quantities of fish in the foods they reported
consuming on the 24-hour recall and then reported no fish consumption in response to the FFQ questions on
consumption during the preceding year. Trace quantities of fish, such as that found in Caesar salad and certain
cheese spreads, were captured in the NHANES survey methodology by use of standard recipes applied to foods
reported as eaten during the 24-hour recall periods. Thus, it appears that less than 10% of the USA population are
non-consumers of fish, and a smaller percentage may hold if undetected, trace quantities of fish are excluded.
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4.0 Introduction

4.1 Background and Purpose

The Native American tribal governments in the State of Idaho have been collaborating with the
U.S. Environmental Protection Agency (EPA) Region 10 and other stakeholders to gather data
on tribal FCRs (FCR) in Idaho. One objective of this effort is to support the effort to assess risks
posed by contaminants in fish for populations who consume fish at high levels. More generally,
this effort was intended to enhance tribal environmental capacity in the area of water quality. The
tribes worked collaboratively with the State of Idaho in developing tribal surveys that would
support Idaho’s efforts to develop ambient water quality criteria (AWQC) protective of high fish
consumers. This report presents survey methodology and results, specifically FCRs, for the Nez
Perce Tribe. The survey is focused on both current and heritage rates.*

Water quality is of great importance to the Native American tribes in Idaho, since a substantial
portion of their diet consists of fish and shellfish,> which may acquire contaminants from water.
As the FCRs for populations consuming fish increase, the water must become cleaner in order to
keep human exposures to toxic chemicals in fish at acceptable levels. It has been found that
Puget Sound and Columbia River tribes have much higher FCRs than the general U.S.
population (CRITFC, 1994, Toy et al, 1996, Suquamish Tribe, 2000, Polissar et al, 2014), with
consequences for target water quality. EPA Region 10 is supporting Idaho’s tribal governments
in identifying appropriate FCRs to use in protecting the health of the Idaho tribes. The FCR
statistics (i.e., averages and percentiles) included in this report are provided in terms of the
average daily grams of the edible mass of uncooked fish and shellfish consumed by a person
over the course of a one-year period.

A fish consumption study fits into a larger context. There are three eras of importance for such a
study: the past, the present, and the future. Considering the past, over an extended period of time
the Nez Perce Tribe has experienced environmental and social changes that have reduced fish
abundance, access to fish, safety of fish consumption, and fish consumption itself. The Tribe is
seeking to increase fish availability, reduce contamination of fish, and increase fish consumption
in the future. Thus, current consumption does not reflect the Tribe’s past nor its goals. Assessing
consumption through a current cross-sectional survey will provide relatively precise information
about current consumption only. For the overall goals of this survey, the current consumption
rates should not be considered in isolation. Heritage rates are covered in Volume | of this report.
Assessing past consumption through an assessment of historical materials and, potentially,
interviews with some older individuals whose memories span a long lifetime (and whose
memories may carry stories passed down from earlier generations) may be highly informative,
but rates so derived are likely not as precise as current survey rates because they involve longer-
term recall and unknown quality and completeness of past documentation.

4 Hereafter, “survey” will refer to the survey of current fish consumption of the Nez Perce Tribe, unless the context
makes it clear that the heritage rate survey or another survey is being referenced.
5 Hereafter, “fish” will refer to fish and shellfish.
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The heritage rate study (VVolume | of this report) fits into this framework as part and parcel of
this final report. There have been many studies of historic rates and suppression of fish
consumption in the past, but their isolation from a report on current rates may have denied them
the attention they deserve.

While heritage studies differ in design and precision from current FCR surveys, the use of a
different methodology does not invalidate heritage rate determinations. Multiple studies using
different methodologies (e.g., ethnographic observation, caloric intake, etc.) demonstrate that
heritage FCRs exceeded current FCRs, as is shown in Volume 1.

The rates and supporting materials generated by this study will be used to protect the health of
members of the Tribe and other Idaho residents who consume large quantities of fish. The
strength of the current rates is that they are derived by a technically defensible methodology, and
these rates can be compared to those of other populations. The strength of the heritage rates is
their relevance to the goals of the Tribe. The website of the Nez Perce Department of Fisheries
Resource management states, “Our vision is to recover and restore all species and populations of
anadromous and resident fish within the traditional lands of the Nez Perce Tribe.”®

The survey was implemented largely consistent with the Nez Perce final survey design report

(Appendix G). Some design modifications were made while the survey was underway to
improve response rates without introducing bias.

4.2 A Brief Description of the Nez Perce Tribe

The Nez Perce Tribe of today is a self-governing, Federally Recognized Tribe located on

a reservation in North Central Idaho, which lies primarily in the Camas Prairie region south of
the Clearwater River, covering parts of Nez Perce, Lewis, Idaho, and Clearwater Counties. The
tribal government seat is at Lapwai, which also contains the largest population of Nez Perce, and
the community with the largest population within the reservation boundary is the City

of Orofino.

Additional material about the Nez Perce Tribe can be found in Volume | of this report (Heritage

Rates) and in Volume 111, Appendix G, “Design of a Survey on Fish Consumption by the Nez
Perce Tribe.

4.3 Populations

The tribal populations described quantitatively in this report are the Nez Perce Tribe as a whole
and the population of “documented” fishers within the Tribe. Identification of the fisher group
was achieved using a list derived from the Nez Perce Department of Fisheries Resources
Management (DFRM) records of sampling activities that are conducted annually for certain
fisheries. Information is collected and compiled for specific individual tribal members who fish

& http://www.nptfisheries.org, accessed September 17, 2015.
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in certain rivers/areas. Tribal members were observed or interviewed for their fishing activities at
a certain area during a certain fishery season. This fisher data was either collected during the
actual fishery season or collected post-season. This list represents only those tribal members who
provided in-season and/or post-season catch/harvest data to DFRM staff. Some tribal members
who are, in fact, fishers, do not appear on the fishers list. Thus, the fishers list is not a
comprehensive representation of all “fishers” of the Tribe, but, rather, a “fisher indicator” (i.e.,
includes a subset) of the true fisher population. When the term “fisher” is used in this report, it
refers to persons appearing on this fishers list. When there is reference to a non-fisher, it means a
person not on the fishers list. A certain fraction of those not on the fishers list do, in fact, harvest
fish. Despite any inaccuracies in designation of fishers and non-fishers, the fishers list is a useful
roster of persons, most of whom are engaged in fishing and harvesting activities. Those on the
fishers list constitute one of the populations identified in this report, with a presentation of their
consumption rates. As noted, some active fishers are not on the fishers list and will, thus, fall into
the category labeled as “non-fishers.” The comparison of consumption rates between persons
labeled as fishers or as non-fishers has some uncertainty because all active fishers (and the
complement, non-fishers) among the respondents have not been correctly labeled and placed in
the correct category.

4.4  Guide to Report Sections

This document follows the commonly used IMRD format for scientific articles and reports:
Introduction, Methods, Results and Discussion. After this introduction, the methods used to
prepare for and then execute the survey in the field are described, as are the methods used to
analyze the data obtained from the survey. The Results section contains demographic statistics
about the population, the selected sample and the survey respondents, survey response rates,
quantitative fish consumption rates (overall and by demographic subgroups) and other statistics
related to tribal fishing and fish consumption. The Discussion section recaps the main findings
and discusses the strengths and limitations of the survey and its analysis. Appendices include
supporting technical material.
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5.0 Methods

5.1 Overview

This section describes the basis for choosing the survey sample, including sample size,
inclusion/exclusion eligibility criteria, and the definition of the geographic area from which
survey-eligible tribal members were selected. It discusses the review and approval process, by
both tribal and external sources, for determining the survey’s approach and procedures.

This section also reviews the development of the questionnaire, the methods used to draw the
sample from tribal enrollment records, identification of fishers’ to be used in calculating fisher
consumption rates, allocation of selected tribal members to sample waves of interviewing in
order to provide interviewing throughout the one-year survey period, reinterviewing of initial
respondents, and the relevance to this survey of computer-assisted personal interviewing (CAPI).

Selection and training of interviewers is discussed, along with methods for calculating survey
response rates, methods for weighting the sample to adjust for differential response rates in
different sample strata and for differentials in the probability of response related to demographic
factors. Finally, this section covers methods to convert respondent data on frequency and portion
sizes of consumed species to quantitative consumption rates, and methods to obtain means and
percentiles of fish consumption and their confidence intervals using two different analysis
methodologies. One methodology uses data collected from a food frequency questionnaire
(FFQ). A separate methodology, the “NCI method,” uses data collected from the respondents’
recall of fish consumption during one or two 24-hour periods and also uses FFQ data and other
variables as covariates.

5.2 Sample Selection

The planned sample size was developed to fulfill two goals: (a) a sufficient sample size so that
means and percentiles of FCRs calculated from the FFQ portion of the questionnaire would be
reasonably precise; and, (b) a sufficient sample size to provide reasonable assurance of an
adequate number of respondents with two separate 24-hour recall interviews, both of which
reported some fish consumption during the preceding 24-hour day (“yesterday”).

The second goal was considerably more challenging to plan than the first. The criterion of at
least 50 “double hits” from the survey—two separate, independent interviews wherein a
respondent recalled eating fish on the preceding day—is a requirement® of one of the methods
used to calculate a distribution of usual fish consumption. The “NCI method” refers to a
statistical procedure for calculating the distribution of usual consumption of episodically
consumed foods (Dodd, KW, et al. 2006; Tooze, JA, et al. 2006; Kipnis V, et al. 2009). Fish
consumption would fall into the “episodically consumed” category, since most people do not eat

7 See Section 4.3 for a definition of ‘fisher’ as used in this document.
8 While analysis by the NCI method might be possible with fewer than 50 double hits, the 50 count provides
reasonable assurance that models used in the analysis will converge on the necessary parameter estimates.
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fish every day. This technical method was designed to exploit data collected about consumption
(or non-consumption) of a food item on two or more independent days. The NCI method has
been used to analyze the data of this survey and the results of the analysis are provided in this
final report.

Part of the challenge in planning the sample size was the lack of relevant data or tabulations on
frequency of fish consumption (expressed in days with fish consumption per week, days per
month, or days per year). Data of this type were needed in order to estimate what percentage of
respondents who reported about their fish consumption on two independent days would have fish
consumption on both days. A count of 50 of the respondents having these ‘double-hits’ (two
different days with fish consumption) is needed to provide strong assurance that the NCI method
can provide a distribution of consumption rates for a population. Among the fish consumption
survey reports about Native American tribes in the Pacific Northwest, there is no survey that
includes tabulations specifically on the frequency of consumption of fish (all species combined),
with frequency reported as consumption days per week, per month, per year or per other time
unit. The tabulations closest to this framework are in a Columbia River Inter-Tribal Fish
Commission survey report (CRITFC Technical Report 94-3, 1994), which reports on the
frequency of fish meals (not days with fish meals).

The CRITFC survey was carried out among four Columbia Basin tribes and is applicable to the
Nez Perce Tribe who fish, among other areas, in waters located within the State of Idaho. The
Nez Perce Tribe’s CRITFC survey respondents constituted 19% of the statistical weight used in
determining the CRITFC combined-tribe consumption rates, such as means and percentiles of
fish consumption®.

Some calculations were carried out on the expected number of double hits with various assumed
sample sizes, and some assumptions were made which allowed for the conversion of fish_meals
per week, as tabulated in the CRITFC report, to days with fish meals per week. Using these
planning assumptions and the CRITFC input tabular data, it was estimated that a sample of
approximately 1,800 tribal members would provide good confidence that those completing the
interviews of the survey would include at least 50 individuals who would report eating fish on
both of the two independent days targeted by a 24-hour recall questionnaire (i.e., 50 double hits).
Some notes and calculations on the methods used to estimate the expected number of double hits
under various scenarios can be found at the end of Appendix D.

Initially, five tribes of Idaho (the Kootenai, Shoshone Paiute, Coeur d’Alene, Shoshone-
Bannock, and Nez Perce) were contemplating participation in the survey during this planning
phase. To employ the NCI method for each tribe individually, 50 double hits would have been
needed for each tribe. This was not possible given the resources available. Consequently, the
1,800 interviews were to be distributed over the five participating tribes with the intention of
finding 50 double hits from the pooled results of all participating tribes. Thus, the authors

% See CRITFC, 1994, Appendix 1, pp. 106-107. The value of 19% statistical weight for the Nez Perce Tribe is
calculate as the Nez Perce population divided by the total population of all four tribes as listed in the CRITFC
report, p. 106. The listed population of the four tribes (which determines the statistical weight of each tribe in
calculating the combined CRITFC rates) are as follows: Umatilla, 818; Nez Perce, 1440; Warm Springs, 1531;
Yakama, 3872. Total of the four tribes: 7661
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decided to report separate FCR distributions per participating tribe, using the NCI method,
although the data from multiple tribes would need to be pooled as input to the NCI method. The
rates for individual tribes would be obtained through the use of covariates in the NCI modeling
process. The NCI method includes provisions for the use of covariates (see Section 5.23.2), and
thus each tribe would receive its own set of rates based on the NCI method.

After further deliberation by the Idaho tribes, the Nez Perce and Shoshone-Bannock Tribes chose
to participate in surveying current fish consumption. Based on discussions with staff of these
Tribes, the planned approximate sample size of 1,800 was allocated as a sample of
approximately 1,200 from the Nez Perce Tribe and 600 from the Shoshone-Bannock Tribes.
Based on available information regarding fisheries and harvest levels, it was thought that the Nez
Perce Tribe had higher FCRs than the Shoshone-Bannock Tribes. Allocating more interviews to
the Nez Perce Tribe improved the chances of obtaining 50 double hits. The two tribes recognized
that they both needed to achieve the necessary number of “double hits” and that this part of the
survey would require a joint effort to do so.

The anticipated percentage of sampled members providing two 24-hour interviews was
calculated as: (a) an anticipated 60% response rate for the first 24-hour interview (and FFQ-
based interview), followed by (b) an anticipated 80% response rate for the second interview
among those participating in the first interview. The 60% for the first interview response rate was
selected as a conservative value given that response rates above 60% have been obtained for
other Northwest tribal fish consumption surveys (see Toy, et al, 1996 and Suquamish Tribe,
2000). The 80% continuation rate for those completing the first interview was simply an
assumed reasonable value for continuation among those who had participated in the first
interview. The net response rate for completion of both interviews would thus be
48%—approximately half of the sampled members. The method for computing response rates is
covered in Section 5.13 (“Response rates” in the “Methods” section) and the achieved response
rates upon completion of the survey are covered in Section 6.1 (“Response rates” in the
“Results” section).

5.3 Inclusion/Exclusion Criteria

The survey was designed to assess the consumption rate of adults, defined as individuals age 18
and over. Specifically excluded from the survey were any members who were living in an
institutional setting (e.g., a nursing home). The reason for this exclusion is that a person in the
institutional setting would typically not be in control of their diet and might not be living a tribal
lifestyle in terms of diet. The enrollment files did not indicate this status, and such members were
identified during the initial contacts or attempts at contact with potential respondents.

During the interview process, an additional exclusion was incorporated: tribal members who
could not participate in the interview process due to physical, mental or other reasons were
excluded as they were encountered'®. This exclusion was based on practical considerations; in
particular, extra time would be needed to locate a person familiar with the tribal member’s fish

10 The specific disposition code that could be used by the interviewers for this status was labeled as “Impairment:
hearing, mental health, other.”
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consumption, both for a first interview (in person) and for a second interview (by phone). The
interviewers labeled eight tribal members whom they encountered as falling in this category.

The tribal interviewers were also excluded from the sample. Their training and their extensive
contact with the contractors had made them very familiar with the potential use of the survey
data in the State of Idaho’s deliberations on water quality and health. Even though the
interviewers were well aware of the need for unbiased responses, the contractors chose to
remove them from the pool of potential respondents and avoid any possibility or challenge that
their exceptional knowledge of the purpose of the survey might put them in a meaningfully
different category than the rest of the tribal population. While this may have been excessive
caution, the number of interviewers was small and the exclusion has presumably had a very
minor impact on the final fish consumption estimates (There was a total of six interviewers from
the Nez Perce Tribe.)

There were no exclusions based on language issues. In advance of the survey, the contractor
team was informed by the tribal authorities that there would be no need to prepare for interviews
in any other language than English. No instances of non-response due to language issues were
reported to the contractors.

5.4 Geographic Sample Selection Criteria

Initial exploration showed that this survey could not use the entire population of adult tribal
members as a target population for interviews. Data (not containing any personally identifying
information) from the tribal enrollment office showed that tribal members live throughout the
United States, with the greatest concentration on and near the reservation. There would clearly be
a limitation on the travel resources available for interviewing people in person; persons living
very far from the reservation would need to be excluded. Secondly, there was a concern that
members living very far from the reservation and far from the fisheries used by tribal members
might be different in some way from those living close; fish consumption habits, lifestyle, and
other known or unknown factors might substantially differ from those living closer to or on the
reservation. The travel limitations were the deciding factor in limiting the geographic scope of
the survey. A fifty-mile travel limit was considered acceptable for practical survey operation.
The selection of geographic areas was based on ZIP codes, and the selected ZIP codes for the
survey were approved by the Tribe. The selected ZIP codes are shown in Table 1 and displayed
in Figure 1. Areas on the map falling within the 50-mile limit but with no (zero) population are
not color-coded as included in the survey area. Not all ZIP codes shown in the table and map
provided respondents who were interviewed for the fish consumption survey. Any adult tribal
members residing in the noted ZIP codes were eligible to be selected into the survey sample.
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Figure 1. Nez Perce reservation and surrounding eligible ZIP codes for inclusion in the fish
consumption survey.
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Table 1. ZIP codes included for sampling members of the Nez Perce Tribe.

ZIP Code Population 83543 Nezperce 83857 Princeton
Center 83544 Orofino 83871 Troy
83501 Lewiston 83545 Peck 83872 Viola
83520 Ahsaka 83546 Headquarters 99102 Albion
83522 Cottonwood 83548 Reubens 99111 Colfax
83523 Craigmont 83552 Stites 99174 Steptoe
83524 Culdesac 83553 Weippe 99113 Colton
83525 Elk City 83554 White Bird 99128 Farmington
83526 Ferdinand 83555 Winchester 99130 Garfield
83530 Grangeville 83806 Bovill 99161 Palouse
83533 Green Creek 83812 Clarkia 99163 Pullman
83535 Juliaetta 83823 Deary 99164 Pullman
83536 Kamiah 83827 Elk River 99179 Uniontown
83537 Kendrick 83832 Genesee 99347 Pomeroy
83539 Kooskia 83834 Harvard 99401 Anatone
83540 Lapwai 83843 Moscow 99402 Asotin
83541 Lenore 83844 Moscow 99403 Clarkston
83542 Lucile 83855 Potlatch
16
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5.5 Stratification and Drawing the Sample

The survey statistical team visited the Nez Perce Tribe on April 3, 2014 to draw the sample for
interviewing, which was carried out on-site in the tribal offices. The Tribe provided the
contractors with a tribal enrollment list of 2,727 adult members. The list contained gender, age,
physical address and mailing address for each tribal member (though a physical address was not
always available).

Members eligible for sampling were determined by first restricting the list to those 18 years or
older and with a physical address ZIP code on the eligible ZIP code list (Section 5.4). For
records without a physical address, the ZIP code of the mailing address was used instead. For
records in which both addresses were available, the ZIP codes of the physical and mailing
addresses matched in 2,011 of 2,061 cases, or 98% of them. This close matching supported the
use of mailing address ZIP codes as a surrogate for physical address ZIP codes when needed. Of
the original list of 2,727 adult members eligible for sampling, 68 were missing both physical and
mailing addresses and 1,085 were located outside of the eligible ZIP codes, leaving 1,574
eligible for the sample.

Each eligible members was assigned a unique PMRID (Pacific Market Research Identification
Number). A stratified random sample size of 1,250 was drawn from the 1,574 eligible members,
with strata defined by each combination of gender and age group (18-29, 30—39, 40-49, 50-59,
60+). No other demographic variables were available in the tribal enrollment list. In particular,
fisher status was not stratified on because the fishers list (see Section 4.3) was not available at
the time of the sample draw. Fisher status was determined after members were sampled using the
fishers list. The percentage of each stratum in the population of the 1,574 eligible members was
then determined. The sample size allocated per stratum was determined by multiplying 1,250 by
the population percentage computed for each stratum, thus creating a stratified sample with strata
sizes proportional to the corresponding strata in the original population of interest. The sampled
members were then randomly partitioned into four waves (to be successively allocated to
interviewers approximately every three months) within each stratum. Once a wave of
respondents was released to the interviewers, they could interview any sample member from the
current or any preceding wave. While this expanded access to the waves of respondents may
have introduced a greater possibility of selection bias from interviewer choice of respondents to
approach, it was a necessary step due to the difficulty of locating respondents (Section 3.2).

Personally identifying information (PI1) was utilized to draw the sample, but all such information

was left with the Nez Perce Tribe after generating the list of sampled members. The Tribe
retained full control of Pl and its use for interviewing.

5.6 Questionnaire Development

The survey team developed an interview questionnaire to gather information from tribal
members to help determine current tribal FCRs. Questionnaires from several other surveys were
reviewed, specifically other Pacific Northwest regional fish consumption surveys employing a
Food Frequency Questionnaire (FFQ) approach (Suquamish 2000, Toy et al. 1996, Sechena et al.
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1999, CRITFC 1994). A draft questionnaire drew on components of these questionnaires. After
several iterations and refinements, the final FFQ became the critical survey instrument used to
ask respondents about their dietary patterns and activities related to fish consumption over the
preceding 12 months. The questionnaire also covered several other topics. Drawing primarily
from U.S. national dietary surveys (Johnson, 2013), additional questions were included in the
questionnaire to assess fish consumption during the preceding 24 hours (“yesterday”). These 24-
hour recall questions were needed in order to enable use of the NCI method of determining the
distribution of usual fish consumption. At least two independent days of fish consumption (or
non-consumption) need to be assessed for the NCI method. This requirement was met by
conducting two 24-hour dietary recall interviews in addition to the FFQ. An attempt was made to
match the timing of the first and second interview so that the two interviews would either both be
on a weekday or on a weekend day. The reason for matching the interviews on the period of the
week (weekdays or weekend days) was that the matching for some participants would then yield
an estimate of within-person variation in consumption—the natural day-to-day variation in
consumption amount that is independent of the weekday-weekend. This variation (technical
term: within-person variance) is a component that is essential to and is estimated by the NCI
method. Such variation would not generally be affected by other fixed factors (fixed within an
individual), such as age, gender, or whether the two 24-hour periods are matched, and would also
not depend on the specific aspect of fish consumption that is unique to and differs between
weekends and weekdays.

The NCI methodology does provide for (and does include in the modeling) a possible weekend
vs. weekday difference in daily consumption, and the methodology does appropriately handle
data from respondents who have any combination of a weekend and weekday in their two 24-
hour interviews. In the execution of this survey, there was some mixing of weekends and
weekdays for the two interviews. As noted, this mixture is addressed as part of the NCI method
of analysis.

After first contacting potential respondents through a telephone screening process, interviewers
administered the first 24-hour dietary recall interview and the FFQ in person to willing
participants. The second 24-hour dietary recall interview was intended for telephone
administration from three days up to 4 weeks after the first interview, though a longer interval
was permitted during the later part of the field work.

Data collected during the interviews included fish species consumed, frequency of consumption
and portion size, with additional information gathered about fish parts eaten, preparation
methods and special events and gatherings. Special events and gatherings include ceremonies or
other community events but it was left up to the respondent to decide which events qualified.
Examples of special events include longhouse meals, “Wahlusut” funeral meals, memorials,
potlatches, name-givings and First Fish feast. Qualitative data were collected regarding both
changes in fish consumption patterns as compared to the past and expectations for future
consumption in order to provide additional context around the quantitative consumption rates.
Demographic information was also collected, such as height and weight (to calculate and check
FCRs) and education and income ranges (to determine FCRs for various population groups). A
subset of respondents was reinterviewed by telephone, which involved asking a subset of the

18
FINAL REPORT FOR ID DEQ - 9/30/2015



same questions (from the FFQ) a second time. The purpose of the reinterview was to assess
reproducibility.

The FFQ survey questionnaire is presented in Appendix A. The survey team developed this
questionnaire with input from the Tribe, the EPA, and the Institutional Review Boards (discussed
below in Section 5.16) as well as through pilot testing, during which the interviewers tried out
the questionnaire on tribal members and provided feedback to the survey team on any problems
with the questionnaire. These pilot interviews were not used in the analysis for this report. The
questionnaire was ultimately transferred to a CAPI software program on tablets, as described in
Section 5.8, to facilitate more efficient and accurate reporting during the interviews in
comparison to the use of a paper questionnaire. The questionnaire was then used to conduct
interviews via CAPI, along with other visual instruments such as portion models and species
identification photographs, as discussed in Appendix B.

5.7 Portion Models, Photos, Portion-to-Mass Conversions

To facilitate questionnaire administration during the survey, interviewers used portion model
displays and species identification photographs (presented in Appendix B). The survey team
selected species and developed these visual representations in collaboration with tribal technical
and cultural staff to reflect the appropriateness of the fish species and preparation methods most
commonly consumed by tribal members.

To aid in accurate determination of portion sizes, three-dimensional (3-D) and two-dimensional
(2-D) model displays were used during the in-person interviews. These models can be broadly
grouped into three types: realistic depictions of the part of an organism consumed (e.qg., a fillet),
measures of volume (e.g., bowls of various volumes), or photos of numbers of selected shellfish
species (crayfish, mussels, and shrimp) consumed. Each interviewer had one full set of models to
bring to the interviews. A set of photographs depicting those same models, printed at full scale,
were left behind with each respondent after the first interview for use during the follow-up
(second 24-hour dietary recall) telephone interview. This allowed respondents to report portion
sizes using the same models consistently throughout the survey.

The survey team developed the following portion model displays for this survey, each of which
included pre-determined serving sizes (as described in Appendix B):

1. A urethane rubber replica of a cooked whole salmon fillet, cut into multiple servings.
2. A flexible plastic replica of a single-serving, cooked trout-like (white fish) fillet.

3. A gray PVC pipe to represent lamprey, marked with portion sizes.

4. A package of salmon jerky to represent dried (or similarly shaped) fish tissue.

5. A set of measuring bowls for different portions of fish soup or volume of fish tissue.
6. Photograph displays of selected shellfish (crayfish, mussels, and shrimp).

Interviewers displayed portion models to respondents in familiar cooked forms (e.g., baked or
dried); however, associated uncooked weights (edible mass) were calculated for application
during data analysis. Each portion model had a specific (unique) code attached to it, and a
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separate table was created to show the volume and/or weight per species corresponding to each
portion identified on a display. To maintain interview efficiency, respondents answered the
questions in terms of simple portion marks or codes on each display, saving the interviewer from
having to refer to a look-up table for the species-specific weight of the noted portion. Mass
conversions of each model serving, corrected according to appropriate published moisture loss
factors, were tabulated and used following the interviews to analyze the data and determine
FCRs (see Section 5.10 for FFQ calculations and Section 5.23 for the NCI method, based on the
24-hour recalls). Details of the portion-to-mass calculations are provided in Appendix B.

In addition to the portion models (and the photographs of them which were left with each
respondent), each interviewer had a laminated sheet with illustrations or photographs of each
species to facilitate identification by the respondents, if necessary, during the interviews. The
species identification photographs used to help respondents identify unfamiliar species during
the interviews are also provided in Appendix B.

5.8 CAPI (Computer-Assisted Personal Interviewing)

The survey implementation team explored many modes for data collection. After careful
consideration, the team identified CAPI as the most efficient and best data-collection process for
this survey.

With a CAPI system, the respondent or interviewer uses a computer to answer survey questions.
This is the preferred mode when a questionnaire is long and complex (Groves, Fowler, et al.,
2009) such as in this case, when the in-person portion of the first interview (FFQ plus first 24-
hour recall) lasted over an hour. This is due to the way that computer-assisted interviewing
improves data quality; the computer script increases interviewer efficiency and decreases the
likelihood of human error related to skip-pattern problems (i.e. moving to different sections of
the survey based on the answers to previous questions) or misprinted questionnaires.
Additionally, the CAPI system provides help screens and error checking and messages at the
time of input. This ensures that surveys are completely filled out and enhances the accuracy of
the entered data, decreasing backend data cleaning and processing tasks. Finally, there is no need
to transcribe results.

The survey team selected Confirmit, a globally-recognized leader among online and CAPI
software developers, as the CAPI application because it provides both on-demand resources, via
Software as a Service (SaaS), and on-premises software, two critical requirements for this
project: the survey team used both SaaS and an on-premises product for the interviews. When
interviews were conducted in remote locations without internet or telephone access, the on-
premises application, loaded on the tablets, was integral to the data collection process, allowing
interviewers to conduct interviews and data entry, then synchronizing their data files the next
time their tablets were connected to Wi-Fi.

After the questionnaire was finalized, a programming team built and scripted the computer
version (to be used by the interviewers) within the Confirmit environment. This task, including
thousands of lines of code, was substantial and was reviewed on a daily basis during the initial
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programming. All programming reviews were conducted by a programmer who was not directly
involved in this project. After the programmed version was approved by the Lead Programmer
and vetted by the programming review team, it was delivered to the Quality Assurance
Department and the Project Manager for independent review and validation, prior to distribution
to a larger team.

Each interviewer received a Windows 8 tablet for this study. These tablets were selected based
on their reliability, durability, and especially their small and unobtrusive form factor. Not only
was it important that the tablets were easily portable, but also that the technological “footprint”
and the sometimes off-putting nature of a physical barrier between the interviewer and the
respondent were minimized.

Interviewers brought the tablets with them to each in-person interview where the interviewer, not
the respondent, would enter the data. The tablets included detachable screens and keyboards, as
well as touchpad mice and power adapters for AC outlets and car lighters—a necessity in some
rural areas where power was not always guaranteed.

The tablets were password-protected. Survey responses were encrypted and transmitted via
HTTPS to central servers each time a WiFi connection was available and all data files were
automatically removed from the tablets after synchronization with the master database. No
personally identifiable information from respondents was stored either on the tablets or in the
master database.

Confirmit stores data in an optimized database format. Using the Extensible Markup Language
protocol or XML, its database is accessible with many popular software applications. Using
Confirmit’s built-in “Export” feature, the data were transferred from the Confirmit database into
a standard SPSS file format (IBM SPSS Statistics, Armonk, NY) in an automated manner. To do
this, Confirmit uses the metadata assigned to all fields when the questionnaire was programmed.
The only configuration needed was to specify certain administrative variables (used internally by
Confirmit—not from the questionnaire itself) to be filtered out of the data file supplied for
statistical analysis. The generated SPSS data file is readable by the statistical software used (see
Section 5.31). This data file contains a row for each respondent or attempted contact and has a
unique I1D. Responses to each question in the interview are stored in columns. The testing of
CAPI and verification that data input matches the output is described in the next section.

5.9 Interviewer Recruitment and Training, Pilot Tests

In February 2014, prior to the start of data collection, a widespread recruitment campaign was
initiated to search for local candidates to hire as interviewers. The contractors worked closely
with the Tribes to publicize the survey effort, advertising online, in the newspaper, on tribal
bulletin boards, and using word-of-mouth among the tribal council and the fisheries and water
quality personnel.

Interviewers were required to be current enrolled members of the Tribes.
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Applicants were screened on paper and by telephone. Following a successful initial vetting,
acceptable candidates were interviewed in person, after which, non-qualified candidates were
culled and a short list of qualified candidates was provided to the tribal councils for review and
approval. As a professional courtesy, the Tribes had “first right of refusal.” Candidates who
passed the screening process, the in-person interview, and tribal approval were offered year-long
positions on the project.

After hiring, the contractors conducted an extensive training and mentoring process. The initial
training was a full-day session during which the interviewers were presented with the
background of the survey, its purpose, and the development of the questionnaire. The
interviewers were also taught about the project objectives. The contractors briefed the
interviewers on the history of survey research, the guidelines and principles of in-person and
telephone interviews, and the Belmont Report (a document which explains the importance of
human subject protections). The interviewers were also trained to use the technology associated
with the survey as well as the various display models.

Interviewers were taught how to properly screen respondents, how to conduct in-person
interviews, and how to conduct telephone interviews. It was explained to them that the first
(typically hour-long) interviews would be conducted in person while the second (20-minute or
less) follow-up interviews would be administered over the phone. The interviewers were taught
to read all questions verbatim without influencing the respondents’ answers. They were also
taught how to record all answers exactly as presented to them. The contractors stressed the
importance of maintaining objectivity throughout the entire process, from respondent recruitment
and screening through the final question of the second interview. There was also instruction and
an emphasis on careful and accurate key entry of interview responses into the correct fields in the
CAPI tablets.

The final part of the training included mock interviews with the interviewers and trainers. The
mock interviews required the use of the tablets, interviewing software, and fish models and
photographs. Interviewers were required to complete a mock hour-long interview as well as a
mock follow-up telephone interview before completion of their training.

After the initial, day-long training session, interviewers were required to conduct practice
interviews, either with family and friends or independently. In this way, they familiarized
themselves with the questionnaire, the computer tablet and the CAPI software. After these
practice interviews, the survey team contacted each interviewer to solicit feedback. The
contractors evaluated the data entered to ensure that the interviewers completed the fields
appropriately. Next, the survey team provided “dummy” responses to the interviewers. This
consisted of providing interviewers paper questionnaires with pre-populated data for them to
enter into CAPI as well as conducting in-person meetings with a member of the survey team who
behaved as a sample respondent, answering with the same dummy data. The pre-populated data
in the paper questionnaires included answers specifically developed to support establishing
personas: high consumers and low consumers of fish. The dummy data from the paper
questionnaires and from the mock interviews were entered into CAPI in May 2014.
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In June 2014, the Project Manager at Pacific Market Research checked all dummy data entered
against the master file, a key version of the dummy data. If discrepancies were found between
the key and the data entry by any interviewer, that interviewer was notified and required to
correct the errors. Any interviewers who made such errors were required to conduct additional
data entry exercises prior to receiving authorization to “go live.”

All of the dummy data output was double-checked to make sure that the values entered in the
CAPI system matched the values produced by the CAPI system. Concurrent with successful
testing, the live interviews with tribal members began. The first live interview was completed on
May 10, 2014 and the last in-person interview included in this report was completed on April 24,
2015. Telephone interviews continued through May 4, 2015 to complete the second 24-hour
dietary recall.

5.10 Calculation of FFQ Consumption Rates

Annual FCRs, which included consumption at special events and gatherings, were computed
based on responses to the FFQ portion of the first interview. Rates were also computed from the
24-hour recalls using the NCI method, described later in Section 5.23. Respondents described
their consumption using portion models to indicate portion size (converted to grams as described
in Section 5.7) and portion frequency (e.g., once per week or two times per month). For each
separate species, respondents were permitted to describe their consumption in two ways: over the
whole year using a single portion size and frequency (constant throughout the year) or over two
different periods of higher and lower fish consumption, which may or may not correspond to
when the specific species was in or out of season. In the case of consumption varying between a
high and low season, respondents would provide portion size and frequency for each of the two
periods separately, as well as the duration of the higher consumption period in days, weeks, or
months. The low consumption season was then calculated as one year minus the fraction-of-a-
year duration of the high consumption season. Stated again for clarity, the duration of high and
low seasons (or designation of only one regimen of portion size and frequency throughout the
entire year) was reported for each individual species consumed.

Note that the higher consumption period duration was entirely up to the respondent to provide
for each species as he or she wished. It was also optional for the respondent to a) mentally
average over the whole year rather than using two periods; or, b) use a single (full-year) period,
if the respondent felt that that was a better approximation to the respondent’s consumption
pattern than two periods. For the two-period responses, the duration of the higher consumption
period provided by the respondent may have been shorter than the biological season of the
species or the period may have been longer, for example by preserving fish caught in season and
consuming it over an extended period. We have not compared the respondent-reported and the
biological season lengths in this report. This difference may be evaluated in the future. Most
responses (80% of the 2,810 per-species responses from all respondents combined) were
provided using a single, one-year period rather than a pair of higher and lower consumption
periods.
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The FFQ asked separately about consumption at and outside of special events and gatherings.
The notation for rates in this section is descriptive of the quantity entering into or the result of a
calculation. The total consumption rate in grams/day (Rate_Total in the equations here) was
calculated as the sum of the rate which excluded special events and gatherings (Rate_Nonevents)
and the rate for special events and gatherings only (Rate_Events). Rate_Nonevents was
calculated either based on consumption information provided to represent an entire year as a
single period, (Rate_Nonevents_Whole) or by combining annualized rates of consumption during
a higher consumption period (Rate_Nonevents_Higher) and the consumption rate in the
remaining lower period (Rate_Nonevents_Lower). Each of these rates were calculated per
species first, then species-specific rates were summed together to produce species-group rates
(see Section 5.11 for definitions of species groups).

If the respondent reported consumption over the whole year as a single period (rather than
varying during the year), the FCR (g/day), excluding consumption at special events, was
determined by the following equation:

Rate_Nonevents_Whole = SIZE_Nonevents X FREQ_Nonevents, (1)
where:

SIZE_Nonevents = total portion size in grams (determined based on the portion
model used by the respondent, the portion-to-mass conversion factor for the
combination of the portion model and species, and the number of portion units
consumed; see Q19 in the questionnaire in Appendix A)

and,

FREQ_Nonevents = number of portions consumed per day, which may be
converted to a daily amount from the number of portions reported per week, per
month or per year (Q18 in the questionnaire).

Any frequency per week was converted to frequency per day using 7 days/week. Any frequency
per month was converted to frequency per day by dividing by the factor 365/12 days/month. Any
frequency per year was converted to frequency per day by dividing by the factor 365 days/year.
Of note, the year preceding any interview in the survey did not overlap a leap year.

If the respondent reported consumption over two periods (higher and lower consumption), the
rates (non-annualized) for each period were computed in the same way as equation (1), above.
The two rates were then annualized and combined using the following equation:

Rate_Nonevents = %HIGH X Rate_Nonevents_Higher + %LOW X
Rate_Nonevents_Lower, (2)

where:
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%HIGH = the length of the higher consumption period expressed as a
proportion of the year (Q22 in the questionnaire);

%LOW = the length of the lower consumption period expressed as a proportion
of the year (%HIGH + %LOW = 1);

Rate_Nonevents_Higher = consumption rate in g/day during the higher
consumption period (portion frequency and size came from Q20 and Q21,
respectively);

and,

Rate_Nonevents_Lower = consumption rate in g/day during the lower
consumption period (portion frequency and size came from Q23 and Q24,
respectively).

The higher-period duration was reported in either weeks or months. Weeks’ duration of a high-
consumption season were converted to a proportion of a year by multiplying by the factor 7/365.
Months’ duration of a season were converted to a proportion of a year by multiplying by the
factor 1/12.

For special events and gatherings, respondents were asked only about suckers and whitefish (as a
single group), salmon and steelhead (all species combined), resident trout (all species combined)
and sturgeon. This selection of species and groups was done through consultation with both the
Nez Perce and Shoshone-Bannock Tribes, who noted that a more limited set of species were
consumed at special events, and was further motivated by the desire to reduce respondent
burden. For each of these four species/groups, the corresponding FCR (g/day) was computed as

Rate_Events = EFREQ X EVENTS X SIZE_Events, (3)
where:

EFREQ = number of events per day (converted from the number of events per
week, month, or year; Q31 in the questionnaire in Appendix A);

%EVENTS = proportion of events where the given species is consumed (Q34);
and,

SIZE_Events = total portion size in grams (based on the model and units chosen in
Q33 and the standard portion-to-mass conversion routine described in Section

5.7).

The final individual FCR (g/day), which also includes consumption both at and outside of special
events and gatherings, is determined using the following equation:
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Rate_Total = Rate_Nonevents + Rate_Events. (4)

As Rate_Nonevents was calculated for each individual species (e.g. chinook, coho or sockeye
salmon) while Rate_Events was calculated at the group level (e.g. all salmon and steelhead
combined), Rate_Nonevents in equation (4) was first aggregated to the group level by summing
individual species rates as appropriate before the summation with Rate_Events.

5.11 Species Groups

The species groups included in this report (Table 2) were determined jointly by the Nez Perce
Tribe!! and EPA staff, with the Tribe making the final decision. EPA staff provided guidance on
EPA policy options for developing FCRs that are relevant for ambient water quality criteria to
protect human health.

The Nez Perce Tribe decided that from a water quality standard development perspective, the
appropriate grouping of fish to focus on in this report should include near coastal, estuarine,
freshwater and, in particular, anadromous species (Group 2). Inclusion of anadromous species in
the FCR used to develop AWQC is a policy option that the EPA has made available to states and
tribes (US EPA, 2013). In Oregon, anadromous species are included in the FCR used for that
state’s AWQC (Oregon DEQ, 2011). Anadromous species are also currently included in the FCR
used for Washington’s proposed AWQC (Washington Department of Ecology, 2015). The Nez
Perce Tribe wished to report on total fish consumption (Group 1).

The species included in the groups used for reporting FCRs are described in detail in Table 2.
Group 2 contains Groups 3-5 and part of Group 6. Groups 3-7 are mutually exclusive groups
which completely cover Group 1. During interviews, individual species consumed were named
by the respondent based on their personal knowledge, species photographs (Appendix B) and
discussion with the interviewer; the respondent’s final identification was accepted. In particular,
respondents differentiated between freshwater clams and mussels and marine clams and mussels.
In the case of freshwater clams and mussels, some respondents harvested the shellfish
themselves or knew the difference based on appearance. Only 4% of respondents reported
consuming freshwater clams or mussels while 31% reported consuming marine clams and
mussels. Of note, Groups 1 and 2 contain all shellfish species, so this distinction between
freshwater and marine does not affect those groups.

11 Email from Joe Oatman to Nayak Polissar (and others) on June 26, 2015, conveying an email from Marlene
Trumbo documenting the Nez Perce Tribal Executive Committee (NPTEC) decision on species groups to be
reported.
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Table 2. Species groups.

Species | Description Species and Species Groups Included
Group

Group 1 | All finfish and shellfish | All species in groups 3-7 (these groups are mutually exclusive)

Group 2 | Near coastal, estuarine, | All species in groups 3, 4 and 5; lobster, crab, shrimp, octopus,

freshwater and oysters, geoduck, razor clam, bay mussel, scallops, and other marine
anadromous finfish and | clams or mussels
shell fish

Group 3 | Salmon and steelhead Chinook, coho, sockeye, kokanee, steelhead, chum, pink, Atlantic and
any unspecified salmon species

Group 4 | Resident trout Rainbow, cutthroat, cutbow, bull, brook, lake, brown, bottoms, golden
and any unspecified trout species.

Group 5 | Other freshwater finfish | Lamprey, sturgeon, whitefish, sucker, bass, bluegill, carp, catfish,

and shellfish crappie, sunfish, tilapia, walleye, yellow perch, crayfish, freshwater
clams or mussels and any unspecified freshwater species
Group 6 | Marine finfish and Marine finfish (cod, halibut, pollock, tuna, herring, sardines,
shellfish mackerel, mahi, orange roughy, red snapper, seabass, Kipper, wahoo,

yellowtail and shark), marine shellfish (lobster, crab, shrimp, octopus,
squid, oysters, geoduck, razor clam, bay mussel, scallops, and other
marine clams or mussels) and any unspecified marine finfish or

shellfish
Group 7 | Unspecified finfish and | Any response where the species was not specified sufficiently to be
shellfish placed into groups 3, 4, 5 or 6

Note: There is overlap between the species in Group 2 and Groups 3-6. Group 2 used in this report has been revised
from the Group 2 species list presented in a draft interim report of this survey. Species selection for group 2, as
presented in this report, was informed in part by the habitat proportions listed per species in U.S. EPA, 2014, Table
1. In particular, the marine species in Group 2 were considered likely to be near coastal or estuarine.

5.12 Demographic Groups

Group 1 (all fish) consumption rates were computed by population demographic groups defined
by variables available from the enrollment file and the questionnaire. The enrollment file was
used to define groups based on gender, age, and whether or not the respondent was a documented
fisher as determined from the Nez Perce Tribe fishers list (see Section 4.3). The questionnaire
was used to define groups based on whether the respondent lived on- or off-reservation, the
number of persons resident in the respondent’s household, and the respondent’s education and
income levels.

5.13 Response Rates

Response rates were calculated according to standard definitions of response rate (AAPOR,
2011). The following specific form of the response rate was calculated:

RR1=1/[(1+P)+(R+NC+0)+U]
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where:

| = The number of complete interviews

P = The number of partial interviews

R = The number of refusals and break-offs

NC = The number of eligible sampled members not contacted
O = The number of other eligible non-respondents

U = The number of non-respondents with unknown eligibility

For this survey the use of the RR1 equation is equivalent to the following formulation:
RR1=1/(N-X)

where N = the size of the originally selected sample and X = the number of members found to be
ineligible after contacting or attempting contact. A completed interview, which contributes to the
numerator of the response rate calculation, was defined as one where the respondent either: 1)
responded to the screening interview or the FFQ items sufficiently to be classified as a non-
consumer (Q3-Q6 of the questionnaire), or 2) completed the full first interview (after the
screening interview) with the FFQ items completed and provided enough information to support
calculation of an FFQ consumption rate. To satisfy the second condition, a respondent did not
need to answer every question but needed to reach the end of the questionnaire. Note that this
definition allows for respondents who sufficiently answered the screening interview to be
classified as consumers (Q3-Q6) but who did not go on to complete the full interview. This
means that the number of known consumers in the survey is higher than the number of
respondents with known FFQ consumption rates.

An ineligible member, who reduces the denominator of the response rate calculation, was
defined as a sampled member who was: 1) found to live outside of the eligible ZIP codes,

2) found to be employed as a tribal interviewer involved in the survey, or 3) deceased,
institutionalized or impaired. The term “institutionalized” included prospective adult respondents
who, at the time of the survey, lived in a setting where they had little or no control over their
diets. For example, residents of long-term care facilities, hospice (not in-home), and prison
would be classified as institutionalized.

Not all sampled members were contacted, and therefore the eligibility or ineligibility of every
sample member could not be determined. This measure of response rate is thus conservative (too
low) in the sense that its value is reduced by the presence of sampled members who are ineligible
but presently unknown to be ineligible. Ineligible members whose ineligibility was unknown to
the survey team would include, for example, deceased members whose enrollment records had
not yet been updated or members who recently moved out of the eligible ZIP code area and
whose residence address differed from the address of record at the time the enrollment files were
used to draw the sample. A count that is unknown to the survey staff is the number of sampled
tribal members who were ineligible but were not known to be ineligible. If this number was
known, it could be included in the response rate calculations, and the response rate would be
higher than that reported here.
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5.14 Design Changes

As the survey progressed, a number of issues became evident. It was found that the contact
information found in tribal enrollment records was not as accurate as had been hoped, requiring
research to locate potential respondents. The time required for interviewers to travel to
respondents’ homes and conduct interviews was also much greater than expected, and there was
some difficulty in conducting interviews at tribal members’ homes. Finally, the fraction of
individuals agreeing to be interviewed was also lower than expected. All of these factors led to a
lower-than-expected rate of interview acquisition and concerns about attaining an appropriate
number of interviews.

To address these issues, several design changes were adopted partway through the interviewing
period to increase the number of interviews completed and improve the chances of meeting the
sample size goals for the NCI method. The first of these design changes was to permit the
interviewers to attend special events'? (e.g., tribal meetings and powwows) and recruit attendees
for interviews during the events—drawing potential respondents only from the list of tribal
members selected into the sample. As part of this design change, interviewers were permitted to
draw respondents from any of the four sample waves of members. Ultimately, this did lead to the
interviews not being spread evenly across the year, as originally designed. However, during the
analysis phase of this project, the wave structure was considered to be less important, because
seasonality was not found to be a factor that was clearly present in reported consumption rates
(see the analyses presented in Section 5.23.2.1).

As part of their activity at these events, the interviewers were also permitted to schedule
interviews at a later time (after the special event). Thus, the special events provided an
opportunity not only for on-site interviewing, but also to arrange additional interviews later on.
After the special event, the criteria reverted to respondent recruitment only from the wave of
members assigned to the specific calendar period. However, interviewers were also permitted to
conduct interviews of members from the sample list (any wave) whom they might encounter by
chance.

As expected, the design change noted above greatly increased the acquisition of completed
interviews. Any adult willing to be interviewed at a special event was likely part of the sample
roster, as approximately 80% of the eligible adults in the Tribe were included in the sample.

The second change was increased coordination in scheduling of interviews. The interviewers’
supervisor (from the contractor team) worked more closely with the interviewers to assist them
in arranging interviews.

A third design change occurred after the EPA and the contractor team received approval from the
Tribe to expand the interview team to include non-Nez Perce interviewers, which allowed
interviewers from the EPA and other tribal organizations to assist the Nez Perce interview team.

2 The Nez Perce culture and traditional practices involve regular and time-specific ceremonies. Today, these
“special events” are a continuation of tribal customs and cultural practices, and provide an opportunity to maintain
those traditional values and teachings. These gatherings often have a large attendance, and such occasions served as
an opportunity to make contacts and complete interviews.

29
FINAL REPORT FOR ID DEQ - 9/30/2015



These individuals received the same training and instructions that the Nez Perce interview team
received. The non-Nez Perce interviewers were also permitted to draw respondents from any
wave of members. Non-tribal interviewers visited the Tribe in December, 2014 and March-April,
2015 and interviewed eligible members from the sample list that were tribal government
employees. During the December 2014 visit, non-tribal interviewers also visited a tribal holiday
event and interviewed additional sampled members (not necessarily Tribal employees). The
interviews by the non-tribal interviewers were conducted in the respondents’ offices or other
Tribal or commercial venues, rather than respondents’ homes. Tribal employees were offered
paid time off, by the Tribe, to participate in the survey. In rare cases, the interviewing supervisor,
a non-tribal member, scheduled or completed interviews with tribal members who were not also
tribal employees, but these instances were rare, and all were pre-approved by the Nez Perce
Tribe. Nearly all first contacts with prospective respondents were made by tribal interviewers.
While non-tribal interviewers assisted in interviewing some of the easier-to-contact tribal
members (i.e. employees whose work phones and work addresses were known), tribal
interviewers were freed up to pursue many more of the hard-to-reach respondents, people who a
non-tribal interviewer would have difficulty finding, contacting and convincing to complete the
interview. The scope of work for the non-tribal interviewers was limited but their overall efforts
were crucial to the success of the project.

5.15 Reinterviews

A sample of respondents who completed the first interview were sampled to be reinterviewed
using a short list of questions related to fish consumption. The goal of the reinterview was to
compare the original and reinterview responses to assess reproducibility.

The reinterview questionnaire is contained in Appendix A. The questions cover the frequency of
consumption of Chinook salmon, the species with the largest number of consumers among the
survey respondents. Additional species were not specified to limit the total burden on
respondents and the duration of the reinterviews. Additional questions in the reinterview cover
changes in overall fish consumption and the number of people living in the respondent’s
household. Responses to corresponding questions in the original and reinterview were compared
descriptively using means, standard deviations and Spearman’s correlation coefficient.

The reinterviews were conducted from April 3 to June 12, 2015 by the Pacific Market Research
interview supervisor, a non-tribal interviewer. The survey statistical team provided the
interviewer with a list of respondents who were originally interviewed within the last 2 month to
help select respondents. The list was refreshed every two or three weeks with recent interviews.
To help ensure a balanced sample, the list was partitioned into 6 groups, defined by gender and
Chinook consumption. For each gender, Chinook consumption was divided into three equal-
sized groups using tertiles. The target was 30 reinterviews total, with 5 from each group. The
interviewer was aware of the groups but was not aware that the groups were defined by
previously reported consumption levels. The interviewer was instructed to carry out reinterviews
from each group (e.g., high-consumption females) until five reinterviews in the group were
completed.
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Over the course of 2 months, 81 respondents were identified for possible contact for a
reinterview, of which 67 (83%) had at least one contact attempt. (There was no requirement to
contact or attempt to contact all respondents on the list.) Thirty-one reinterviews were
completed. The target was 30 but an extra interview was performed (and used in the reinterview
analysis), because—on the first interview—one respondent did not provide a complete response
regarding Chinook consumption (the duration of the high consumption period was missing),
necessitating imputation. The imputed value was retained for comparison to the reinterview
value, since such imputations have been used to present the results of this survey. Of the 36
respondents with a reinterview attempt but no completion, there were no (zero) refusals, 22
respondents did not have a valid phone number recorded, five did not respond after the
maximum number of contact attempts was reached and 9 had 1-6 contact attempts (median: 2)
before the reinterview quota was reached and no further attempts to contact these respondents
were needed.

5.16 Reviews and Approvals

The survey team developed a Survey Design Report in 2014 in collaboration with the Nez Perce
Tribe and the EPA that outlined the approach and procedures for implementing the fish
consumption survey. The Coeur d’Alene, Kootenai and Shoshone-Bannock Tribes of Idaho also
reviewed and provided input to the survey design based on similar design reports that were
submitted to them. In order to meet accepted standards of protection for survey respondents, the
Survey Design Report was submitted for review and approval to two Institutional Review Boards
(IRBs) and the EPA Human Subjects Research Review Official (HSRRO), the latter of which
has the final authority for all human subjects research supported by the EPA.

First, the Northwest Indian College (NWIC) IRB reviewed the design protocol, suggested
modifications to the survey questionnaire to ensure protection of tribal respondents, and gave
“consultative approval” for the survey to proceed on March 14, 2014. The design team felt that it
was important to include an IRB associated with Native American tribes in order to fully assess
any issues the research might pose for unique Native American cultures. Subsequently, Quorum
Review IRB reviewed the design protocol, including revisions made according to the NWIC IRB
recommendations, and issued a “notice of exemption determination” on March 26, 2014
acknowledging that the survey met the criteria for protection of human subjects’ personally
identifiable information and did not require further review or restrictions. Quorum IRB was the
official IRB on record for the survey, since the NWIC IRB played a consultative role. Finally,
the EPA HSRRO reviewed the design protocol and supporting documentation, including the IRB
letters, and approved the survey design. Ultimately, the Nez Perce Tribe gave final approval for
the survey to proceed.

The survey was implemented largely consistent with the methods as described in the final survey
design document. Some modifications to the design—in a manner that would not bias the
survey—were implemented during the field work to increase the response rate, as described
above.
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A version of this report was submitted to a four-person peer review committee on July 30, 2015.
The charge to the reviewers asked them to consider all major aspects of the design, analysis and
reporting of the survey. The peer reviewers’ comments were returned at the end of August, 2015.
The current version of the report includes the contractors’ revisions in response to the peer
reviews and in response to additional internal reviews from EPA and the two tribes participating
in the current fish consumption survey (see Section 5.17.1).

5.17 Internal Reviews

5.17.1 Review by the Tribe and Other Organizations

A design report containing planned procedures was prepared for review by the Tribe, as well as
by two affiliated tribal organizations (Columbia River Inter-Tribal Fish Commission—
CRITFC—and the Upper Snake River Tribes Foundation—USRTF), the EPA, SRA (the
contracting organization managing multiple related contracts for the EPA), and Ross Strategic.
These Tribes and organizations provided feedback or approval, and their suggestions were
addressed or considered in preparation of a final design document.

A draft interim report was provided to and was reviewed by the two Tribes participating in the
current fish consumption survey—the Nez Perce and Shoshone-Bannock Tribes. The draft
interim report included analysis only from the FFQ data collected during part of the survey year.
The report was also provided to and reviewed by the CRITFC and USRTF tribal organizations,
as well as the EPA and two organizations closely involved in the work effort: SRA and Ross
Strategic. The feedback from these reviews played a role in the released version of the draft
interim report, and the benefits of those reviews have carried forward into the current analysis
and report.

A revised draft report was issued on July 15, 2015 for internal review by the Tribes, tribal
organizations, EPA and the contractors. The July 15, 2015 report included analysis of both FFQ
data and data from the 24-hour dietary recalls—analyzed by the NCI method. The various parties
offered comments, which the contractors used to prepare the next major version of the report.
That version was submitted to a peer review committee on July 30, 2015 (see Section 5.16), and
the same version was reviewed by the Tribes, tribal organizations, EPA and the contractors, who
also reviewed versions issued on September 21, 2015, and September 25, 2015. The contractors
considered the feedback from each wave of reviews in producing each subsequent version of the
report, including the present version.

5.17.2 Review of Statistical Computing

Two statisticians separately implemented the calculation of the FCRs per respondent, for all
species combined (total consumption rate), all reported species groups (see Section 5.11) and
also for each of the 45 pre-specified species and species group used in the survey questionnaire.
The calculations include the consumption rate formulas described in Section 5.10 and the
imputation of missing values as described in Section 5.28. All of these consumption rate values
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were compared between the two statisticians’ implementations of the rate calculation
methodology. Any differences found were discussed (without comparing codes), after which
each statistician modified their code independently until there was complete agreement for all
respondents and all species.

5.18 Overview of Statistical Analysis

The description of the statistical analysis methods in the following sections is extensive and
covers a number of topics, including:

e definition of fish consumers vs. non-consumers (which may vary across the more
frequently to less frequently consumed species groups);

e handling of missing values in the FFQ responses about consumption—a methodology
which avoided excluding some respondents’ consumption records, which were nearly but
not entirely complete;

e sampling probabilities and their adjustment for non-response for use in statistical
weighting with the intent of providing estimates for the target tribal population;

e evaluation of the impact of design changes, including interviewing at special events and
non-tribal interviewers, as well as home vs. non-home interviews;

e confidence interval calculations based on the non-parametric bootstrap using replicate
weights, which provided robust estimates of the precision of consumption rate means and
percentiles; and

e the NCI method, a complex and flexible modeling approach that was applied to the 24-
hour recall responses to estimate consumption rate distributions—in addition to those
provided from the FFQ data on estimated consumption over the preceding year.

Consumption rates in this report are generally presented to one decimal place, e.g., 70.1 g/day.
While the true level of precision of a particular rate may not warrant the one decimal place, that
format has been used for four reasons. First, in some cases, for very low consumption rates, e.g.,
1.6 g/day, rounding to an integer (which would be 2 g/day, in the example) would sometimes be
an unacceptable loss of information. Second, users of this report may sometimes carry out
calculations based on the rates reported here, and the one decimal place may sometimes improve
the precision of those derived calculations. Third, stylistically, tables with internally varying
numerical formats are more difficult for some users to read and scan than a table with a
consistent numeric format. Finally, if the format of the rates are intended to truly and
consistently represent precision for every rate presented, then, onerously, each and every rate
would need to be considered separately for possible rounding, and that rounding could extend to
the unit, tens or hundreds digits, as well as being differential rounding for each individual rate.
E.g., in one case 43.6 g/day might need to be rounded to 40, while in another case it might be
rounded to 44 g/day, and in yet another case, it might need to be preserved in all its specific
digits: 43.6 g/day. Thus, though the format of a particular rate might be more precise than
warranted in some cases, the magnitude of the rate is apparent and meaningful, and it would be
rare in this study to have the numeric format interfere with any comparison among rates.
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5.19 Sampling Probabilities

The sampling probabilities (or sampling fraction) for each stratum were calculated as the number
of the sampled tribal members in a stratum divided by the number of tribal members in the same
stratum. Section 5.20 describes how the sampling probabilities were modified to produce
statistical weights used in calculating most results presented in this report.

5.20 Non-Response Adjustments to Weights

Completed interviews with useable responses for consumption rate calculations (or with a
determination that the respondents never consumed fish) were not available for all sampled tribal
members. If it could be assumed that non-response to the survey was completely random—for
example, not dependent on sampled members’ gender, age or other characteristic—then the
original sampling weights (based on strata only, and calculate as the inverse of the sampling
fraction per stratum) could be used without leading to any bias. However, that assumption is
often not valid and was not made here. The sampling weights were therefore adjusted for non-
response using characteristics available from the enrollment file and fisher list.

The terms “responder” and “non-responder” are used in this section and at other locations in this
report. Responders were defined as sampled tribal members who were interviewed and were
determined to be either fish consumers or fish non-consumers. In contrast, sampled tribal
members that were either not interviewed or were interviewed but could not be determined to be
either fish consumers or fish non-consumers, were designated as non-responders. Both terms
“responder” or “non-responder” are not to be confused with the generic term “respondent” that
simply means a survey participant who may be referred to in the particular topic being discussed
or whose data were used in the analysis being presented.

The non-response adjustment is used to adjust the probability of being sampled from the tribal
population—i.e., to adjust the “sampling probability.” The sampling probability (Section 5.19) is
the starting point—a quantity used in creating appropriate statistical weights. It is adjusted by
taking account of the probability of a sampled tribal member actually becoming a responder to
the survey. That probability of survey response, in turn, is calculated in relation to demographics
of the sampled tribal members. The goal is to adjust for potential bias due to differences among
responders and non-responders and to yield better (usually less biased) estimates of the
population value of a statistic, such as a mean. A respondent’s sampling weight W (used for
statistical analysis) was calculated as the inverse of the product of: (a) the sampling fraction in
the respondent’s stratum Fs, and (b) the estimated probability Pr of being a respondent
(“response probability”) for a tribal member with the respondent’s specific characteristics (e.g.,
age, gender, etc.):

W =1/(Fs* Pr)
Response probabilities (Pr) were calculated using multivariate logistic regression (Hosmer and

Lemeshow, 2000) for survey response among sampled tribal members, using available
demographic characteristics. The response probabilities are, thus, a multivariate function of a
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number of demographic characteristics. Available demographic characteristics from the
enrollment files used to draw the sample or from other sources included:

age group, gender, ZIP code group (83540, 83536, 83501, Other ZIP codes), and fisher indicator
(on vs. not on the fisher list).

Logistic regression models for response were selected using the Hosmer-Lemeshow goodness of
fit statistic (Hosmer and Lemeshow, 2000). The selected models included:

age group, ZIP code group (83540, 83536, 83501, Other), and fisher indicator.

The same weights that were developed per respondent were applied to all weighted analyses
(including the analysis of the FFQ and 24-hour recall consumption data).

Replicate weights from bootstrap re-sampling (1,000 resamples) were used to calculate the

variance estimators (standard errors, confidence intervals, p-values). See the section on replicate
weight calculations, below, for more detail.

5.21 Consumer/Non-Consumer Determination (Overall and per Species)

The analysis included a determination of whether respondents were either fish consumers or fish
non-consumers using screening questions in the CAPI (screening interview questions 3—6, see
Appendix A). These questions asked the respondents sequentially whether they consumed fish
yesterday, last week, last month, or in the past year. Only respondents who reported consuming
fish in response to the screening questions were further interviewed using the FFQ. Any
respondent who did not report consuming fish on the FFQ, despite reporting consumption in
response to the screening questions, was categorized as a non-consumer. Consumers of any other
designated species group (see Section 5.11) were identified using only the FFQ responses;
respondents were considered consumers of the species group if they reported consuming any of
the applicable species during the preceding year, including consumption at special events and
gatherings. All analyses (FFQ analysis, naive and NCI methods for the 24-hour recalls) were
limited to the consumers of the relevant species group according to this designation.

5.22 Mean, Variance and Percentile Methods for non-NCI analyses

Estimates of means, variances and percentiles were carried out using standard survey estimate
methods implemented in the R survey package (Lumley, 2014 and Lumley, 2004). For the
estimates of the percentiles, the package uses a method described in Francisco and Fuller’s 1986
(lowa State University) technical report, Estimation of the Distribution Function With a Complex
Survey. The survey package also enables inference (estimation of means, variances, percentiles,
percentages) in specific groups. When estimating quantities in sub-populations the methodology
accounts for the uncertainty in the weights derived for a specific sub-population. The
methodology is further described in Lumley, 2010.
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The survey estimate method applied to the 24-hour recall data is referred to as the “naive”
method. For each respondent providing data for a naive method calculation, the respondent’s one
or two 24-hour recall consumption rates were averaged and the naive method was applied to the
per-respondent averages. (For a respondent with only one 24-hour recall, the “average” is the
single consumption rate itself—for the species or species group considered.) The method is
“naive” in that it does not account for the variability of recalls within a respondent or other
complexities of the 24-hour recall data (such as the weekend effect, the effect of the interview
number—first vs. second interview—or the impact of other variables that may cause a difference
between fish consumption during the first vs. second 24-hour period). The naive method was
utilized primarily for a methodologic comparison of the differences between the FFQ and 24-
hour recall consumption rates and it was limited to the estimation of means. The percentile
estimates for the upper and lower tails of the distribution of fish consumption, if they are
calculated from the naive method, do not account for the within-person, day-to-day variation in
fish consumption. Those tail percentile estimates tend to be biased, with overestimated
percentiles in the upper tail and underestimated percentiles in the lower tail (see Dodd, 2006).
The NCI method, which is based on the 24-hour recall data, could not be used for the analysis of
species Groups 3-7 due to the smaller number consumers of each of these species groups (than
for Groups 1 and 2) and the associated insufficient number of “double-hits” needed for the NCI
method. Thus, the naive method was carried out to estimate mean fish consumption rates for
species Groups 3-7—to be compared the means calculated by the FFQ method.

5.23 NCI Method

5.23.1 Overview

The NCI method (Dodd, KW, et al. 2006; Tooze, JA, et al. 2006; Kipnis V, et al. 2009) was used
to estimate the distribution of usual fish consumption from the 24-hour recall data. Compared to
the consumption reported on the FFQ, 24-hour consumption would be expected to have a smaller
recall bias. The 24-hour assessment refers to consumption “yesterday” while the FFQ asks about
typical values of consumption for the preceding year. For this survey, the grams consumed
“yesterday” were calculated from the responses to Q10 from the questionnaire (the question
number is the same for both recalls; see Appendix A) using the standardized portion-to-mass
conversion described in Section 5.7. The analysis of reported 24-hour consumption, however,
presents analytical challenges. The main analytical features of the NCI method for analysis of
fish consumption are described in Polissar et al., 2014. Points (1) to (8), below are adapted (and
extended for application in the present context) from that document.

The NCI method involves fitting a model for usual intake (grams/day) of a commodity, such as
fish, based on data from a survey with reported consumption on two or more days. The mean and
percentiles of consumption are estimated from a derived distribution of usual intake, which is
part of the fitted model. The model assumes:

(1) There is an underlying distribution of true usual intake for the population being
studied. The true intake for a given person might be thought of as their average
daily intake—averaged over the course of a year, often reported as grams per day.
The usual intake for a person does not have the ups and downs that occur with
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intake for any given day; the usual intake is a single number for each person. This
usual, average or “true” intake would typically vary from person to person in the
population. The set of values of usual intake would typically have relatively few
people at very low or very high values of intake and relatively more people in
between.

The set of usual intake values for a population do not have to form a “bell-shaped
curve,” but the true distribution, it is assumed in the NCI methodology, can be
transformed to the normal (bell curve) distribution in a fairly flexible manner,
specified by the methodology. (It is noted that fish consumption distributions tend
to be skewed toward large consumption values and can often be approximated by
the lognormal distribution; this phenomenon is consistent with the
“transformation-to-the-bell-shape” assumption here.)

(2) There is day-to-day variation in how much a person consumes of a commodity—
on days when they do consume. The daily consumption varies around their usual
intake.

The estimate of the day-to-day variation is a critical part of the NCI model and
requires a substantial number of respondents that report consumption on two days
(“double-hits”). The ability to run the NCI model is directly impacted by the
number of available double-hits, with considerations for this study noted as
follows.

The numbers of double-hits for species Group 1 (all finfish and shellfish
species) and for species Group 2 (near coastal, estuarine, freshwater and
anadromous species) were small in the two tribes involved in the fish
consumption survey: 43 double-hits for the Nez Perce Tribe and 8 for the
Shoshone-Bannock Tribes for Group 1 consumption, and 28 for the Nez
Perce Tribe and 3 for the Shoshone-Bannock Tribes for species Group 2
consumption. Thus, an NCI-method model for each species group was fit to
data from both tribes combined. The NCI method allows the use of
covariates, which are factors (or “variables”) influencing consumption—
more specifically, influencing the distribution of usual consumption. (See
items 6-8 below for a more extensive description of the covariates and their
role.) Covariates were introduced into the models in order to capture
differences between the two tribes in the likelihood to consume fish on a
given day and in the amount consumed on a day when fish consumption
occurred. Use of these covariates allowed estimation of tribe-specific
distributions of usual fish consumption. A substantial number of
respondents with Group 1 consumption on at least one of two 24-recall days
were available to enable the inclusion of covariates into the model (179 NPT
respondents and 56 SBT respondents with fish consumption on at least one
of the two 24-hour recall days). The number of respondents was smaller for
Group 2 species: 145 NPT and 31 SBT respondents with at least one fish-
positive 24-hour recall for Group 2.
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As a sensitivity analysis to the primary NCI models that used data for the
two tribes together, NCI models were also run for the NPT only. The small
number of double-hits for the SBT did not allow fitting an NCI model for
the SBT only. The combined-tribes model results are presented in this
report, since, under certain assumptions, they are expected to be more
precise than results from a model based on only one of the Tribes.

(3) Returning to an overview of the NCI method, there is a certain probability that a
person will consume on any given day, and this probability can vary from person
to person. For example, there can be frequent and infrequent consumers of fish.

(4) There may be a correlation between the amount consumed on a consumption day
and the frequency of consumption. For many foods, those people who consume
the food more frequently also consume more of it on the actual consumption day
(Tooze et al., 2006).

(5) All survey respondents who are included in the analysis are assumed to be fish
consumers. This includes the possibility that the consumption rate of some
consumers may be very low. The FFQ data were used to determine if a
respondent was a consumer of fish (or a specific species group) in this study.

(6) The distribution of usual fish consumption may be influenced by factors with
values specific to each individual. In order to accommodate this realistic feature,
the NCI method has the option of including respondent-specific covariates in the
modeling (e.g., FFQ consumption rate, gender, age). The individual-level
covariates can be used to modify the distribution based on the values of the
covariate. For example, respondents with higher FFQ consumption can have a
different distribution of FCRs than respondents with lower FFQ consumption, and
use of gender as a binary covariate can produce a different distribution for each
gender. The selection of covariates into the NCI model is further described in
Section 5.23.2. Another reason for including covariates into the NCI model is to
estimate the distribution for specific groups. Inclusion of a covariate in the model
states that the consumption frequency or amount (or both) vary across the groups
(or values) of the covariate. After the NCI model is fit the estimation of the
distribution in the overall population as well as in specific groups defined by the
model covariates is available.

Consumption may vary depending on the day of the week. Continuing
development of the key points described above, in addition to the respondent-
specific covariates, the NCI method can also adjust for weekday-weekend
differences in consumption and over- or under-representation of weekend or
weekday interviews in the completed pool of 24-hour recall interviews. For the
purpose of this study, the “weekend” was defined as Friday, Saturday and Sunday
and weekdays as Monday through Thursday. Friday has been included in the
definition of the weekend for this analysis, since consumption on Friday has been
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found to be more similar to consumption on the traditional two-day weekend than
to consumption on other weekdays (Haines et al., 2003, in a study of the U.S.
general population). The weekday/weekend adjustment accounts for: (a) the
difference in the consumption rate between weekdays and weekends, (b) the
weekday/weekend mix among each respondent’s first and second 24-hour recall
interviews, and (c) The noted potential over- or under-representation of weekdays
or weekends in the pool of completed interviews.

(7) The NCI method can also adjust for differences in consumption between the first
and subsequent interviews (“sequence effect”). The sequence effect adjustment in
this study introduces into the model an indicator variable for the second vs. first
interview. In the analysis of this survey’s 24-hour recall data by the NCI method,
the fitted model used in calculating the mean and percentiles of the distribution of
usual consumption (the main end product of the NCI method) have keyed the
estimates to the mean consumption rate found in the first interview, though the
data from both interviews are used. In this analysis, both the weekday-weekend
and the sequence effect adjustments have been applied. This choice was
recommended by NCI staff who frequently use the NCI method in dietary
studies®®. The NCI staff found these two adjustments to be important in past
application of the NCI method to the NHANES study. Consistent with this
recommendation, the first interview was used as the reference interview. While
there are no formal guidelines dictating this choice, the contractors considered this
to be the most reasonable choice for this survey for two reasons. First, differences
in mean FCRs based on the first and second interviews separately were observed,
indicating that an adjustment for interview sequence was needed (either the first
or the second would be considered as the reference interview). Second, the first
interview was conducted in-person with physical models available in a more
controlled environment than the second interview, which was conducted by phone
using model photos left behind by the interviewer. The contractors also carried
out a sensitivity analysis to assess the impact of these two adjustments on the
estimated distributions. The results of the sensitivity analysis are available in
Appendix E, Section 9.4.4.

(8) The model-fitting process leads, in steps, to the estimated distribution of usual
fish consumption. The NCI model is fit by the maximum likelihood method, using
SAS macros available from the following NCI website:
(http://riskfactor.cancer.gov/diet/usualintakes/macros_single.html). All model
parameters, including the Box-Cox transformation parameter (the parameter that
dictates the shape of the distribute of mean consumption per respondent on days
with consumption), are estimated jointly by the likelihood maximization
procedure. The model-fitting by the maximum likelihood method is iterative,
converging on the final parameter estimates. The fitted model describes the daily
fish consumption as a function of covariates and random effects. (The random
effects in the model represent person-to-person differences that are not explained

13 Personal communication from Kevin Dodd to Moni Neradilek on June 22, 2015 and to Nayak Polissar on
September 14, 2015.
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by the covariates.) The model is used to calculate the distribution of usual fish
consumption. The distribution cannot be determined by a closed form equation,
and it is calculated using simulation.

Specifically, the estimated model parameters are utilized to generate (by
simulation) a population of persons with the same composition of covariates and
between-person variability as has been observed among the respondents. As the
simulation calculates the distribution of usual consumptions rather than
consumptions on specific days, the within-person variation in the amount
consumed day-to-day (also estimated by the model) is not included in the
generating process. The usual consumption for each generated individual is the
product of a) the individual’s proportion of days with positive consumption and b)
the individual’s mean consumption amount on days with positive consumption.
The two parts (the proportion and the mean amount) are generated by the model
from that individual’s covariates and the model parameters. The simulation also
includes generation of a random effect for each person that is added to the fixed
effects of the covariates. As the random effects are model-based but
unobservable, the generated data represent “pseudo-persons” drawn from a
population with characteristics derived from the survey’s respondents; these
generated pseudo-persons (and their fish consumption) are not specific
respondents in this survey. The random effects for the proportion and the mean
amount consumed on positive days are generated from a bivariate normal
distribution with zero mean and variances estimated from the NCI model.
Because the average amount for a specific pseudo-person generated from the
amount equation in the NCI model is on the Box-Cox transformed scale, it needs
to be back-transformed to the original scale. The back-transformation (the *9-
point approximation” method) adjusts the values to ensure that the mean fish
consumption rate of the estimated usual intake distribution on the original scale is
approximately'* equal to the overall mean of the original 24-hour recall data (see
Tooze, JA, et al. 2010 for more details).

Finally, the probabilities and the average amounts on the original scale are
multiplied for each pseudo-person to yield the usual consumption rate for the
pseudo-person, and the distribution of the usual consumptions is calculated. The
precision of the estimated usual intake distribution is improved by independently
drawing 100 pseudo-persons per each individual in the sample. When the
sequence or the weekend effect(s) is (are) present in the model, the calculations of
the probabilities and the mean consumption amounts are slightly modified. When
the sequence effect is present, the probabilities and the average amounts are
generated with the interview number covariate set to the reference interview. The
first interview is the reference interview in the analysis presented in this report).
When the weekend effect is included, separate probabilities and mean amounts

14 The mean based on the distribution of usual intake estimated from the NCI model can differ from the mean
estimated by the naive method (from the input 24-hour recall fish consumption rates) due to options chosen for the
model-fitting process, such as the choice between the first or second interview as the reference interview for the
fitting process.
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are generated for the weekdays and for the weekend and are then averaged using a
weighted mean, with weights of 4 and 3, respectively, to yield a single overall
probability and a single overall average amount per pseudo-person.

The simulation method of creating a distribution of usual fish consumption also
applies to the calculation of distributions of usual consumption for specific
subpopulations. The subpopulation calculations are, in fact, a by-product of the
calculation for the entire distribution, when the simulated pseudo-persons are
separated into the desired subpopulations (e.g., the two genders) and
subpopulation-specific distributions are calculated from the pseudo-person data.
In addition to presenting the means and percentiles of usual consumption for
subpopulations of interest, the estimated subpopulation distributions were also
utilized in the process of covariate selection and quality checking of the model
(described in more detail in sections 5.23.2 and 5.23.3, respectively).

This section and subsequent sections present specific methodology relevant to the analysis by the
NCI method. Readers who are particularly interested in this approach to estimating the
distribution of usual consumption may wish to also review Appendix E, which has important
additional information on the use of the NCI method for this report.

Additional notes on the NCI methodology are available in Tooze et al., 2006. An instructive
webinar series featuring Dr. Tooze and others is available online at:
http://riskfactor.cancer.gov/measurementerror. The SAS statistical programming language code
for carrying out the calculations using the NCI methodology (version 2.1) is also available online
at: http://riskfactor.cancer.gov/diet/usualintakes/macros_single.html.

5.23.2 Covariate Selection and Assessment of Seasonality

The use of covariates, if properly selected, can improve the consistency between the NCI-method
model and the survey’s 24-hour recall data and provide better estimates of the mean and
percentiles of consumption for the population or sub-population being considered. The inclusion
of covariates does not change the mean of the overall distribution of usual fish consumption, but
the use of covariates can change the shape of the distribution. If there are differences in
distributions across different subpopulations, the model is able to accommodate these differences
by introducing these characteristics as covariates in the NCI model. The overall distribution
estimated by the NCI model with specific covariates included is then a result of combining the
different distributions across the subpopulations, leading to a potentially different shape of the
overall distribution compared to the NCI model without covariates. As noted, the model is
improved if covariates that affect the distribution of usual fish consumption are included. The
covariates considered for inclusion in the NCI model were:

e FCR per respondent from the FFQ for the same species group for which the distribution
of usual intake was desired (i.e., the Group 1 FFQ consumption rate was used as a
covariate for analysis of the Group 1 24-hour recall consumption data and Group 2 FFQ
rates were used as a covariate for the 24-hour recall data from Group 2)
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e presence vs. absence on the fishers list

e gender

e ZIP code groups (83540, 83536, 83501 and combined other ZIP codes for the Nez Perce
Tribe and 83203 and combined other ZIP codes for the Shoshone-Bannock Tribes)

e age (grouped as 18-29, 30-39, 40-49, 50-59 and 60+)

e the respondent’s body weight (in pounds)

A dichotomous tribe indicator (NPT or SBT) was included as a covariate in all models. The FFQ
consumption rate is an especially important covariate, as it is highly predictive of the 24-hour
recall data. By including the FFQ as a covariate in the NCI method modeling, the implication is
that a distribution of usual consumption derived from the 24-hour recall data of tribal members
with lower FFQ rates would itself be shifted toward lower rates than such a distribution derived
from tribal members with higher FFQ. As there are different ways in which FFQ rates can be
related to the 24-hour recall data, the analysis path in this study explored several possible
relationships between the two set of rates and chose, among them, the best-fitting one. (More
detail on the choice is provided later in this section.)

Among the candidate covariates listed above, the covariates that were selected into the NCI-
method model had a demonstrable impact on the NCI-estimated consumption rate distribution.
The selection of covariates involved a model-building process that started with a simple NCI
model (including tribe as the only covariate) and that subsequently added other covariates that
had an impact on the NCI-model distribution of usual consumption rates. Specifically, the
model-building process added a candidate covariate (and its statistical interaction with the tribe
covariate) into the model, and then there was a visual comparison of the differences in the NCI-
estimated means and percentiles of usual consumption rates within subpopulations defined by
categories of the covariate.

For example, when considering the fishers list covariate, the contractors compared the NCI-
estimated statistics (mean and percentiles) between fishers and non-fishers within each tribe.
Large differences between different levels or categories of the covariate suggested inclusion of
the covariate in the NCI model. To arrive at the best fit for continuous covariates (FFQ rates and
the respondent’s body weight), different transformations of the covariate were considered: the
original (untransformed) value, 3" root, log and ordered decile number (a variable with integer
values from 1 to 10, depending on which decile of the distribution of the covariate included the
untransformed value for a respondent).

The selection of covariates for the NCI model was carried out in two steps: 1) choosing the best
functional form for the FFQ covariate (no transformation, 3™ root, log or ordered decile number),
and 2) selecting other covariates. The FFQ consumption rate covariate was considered first (and
was added to the model first, with other candidate covariates considered afterward), because it
was expected that the FFQ rates would be strongly related to the 24-hour recall consumption
rates. Thus, the contractors first considered the FFQ rates as a covariate in the model and
attempted to find the best transformation of FFQ rates that predict the 24-hour recall rates as
analyzed through the NCI method.
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When considering a continuous covariate, such as the FFQ rates, for inclusion into the NCI
model, one needs to ensure that the specific form of the continuous covariate correctly reflects
the trend of the 24-hour recall rates in relation to the FFQ rates. As noted, continuous effects of
the FFQ were considered in four forms: the original (untransformed) value, the 3" root value, the
logio value and the numerical decile of FFQ (coded as 1-10%°). To choose the best among these
four models the contractors compared them to a fifth NCI1 model that used the FFQ covariate as a
categorical decile. The overall population was then broken down into ten approximately equal-
sized subpopulations (bins) according to the FFQ decile. The NCI-model estimated means and
percentiles (medians, 90" percentiles and 95" percentiles) in each bin from the four competing
continuous FFQ NCI models were then compared to the means and percentiles from the
categorical NCI model (reference model).

The categorical FFQ model is the most complex one; it uses nine degrees of freedom per tribe,
compared to one degree of freedom per tribe for each of the four continuous FFQ models. The
median and percentiles of the categorical FFQ model may be “noisy” within each decile bin (due
to the small number of respondents in each bin), but the categorical FFQ model is a useful
reference for choosing the best continuous FFQ model. The categorical FFQ model is a useful
reference because it can reveal important features in the possible curvilinear or nonlinear
relationship of FFQ rates to the 24-hour recall rates, after the latter are processed through the
NCI method. A simplistic model-fitting with the various continuous FFQ models can miss such
non-linear relationships.

In choosing among the four continuous FFQ models the contractors sought a model that captured
important features that are present in the categorical FFQ model (see Appendix E, Section 9.4.1
and Figures E1 and E7 for more detail). On visual inspection, the 3" root and the logio
transformations best followed the trend in the categorical decile (true for species Group 1 and for
species Group 2 models). As the lambda (1) parameter® for both species group models was
relatively close to the 3" root (lambda = 1/3), the 3" root FFQ was chosen as the primary model
choice. Analysis by the NCI method with logio FFQ was carried out as a sensitivity analysis. The
sensitivity analysis is presented in Appendix E, Section 9.4.4 and further details regarding the
choice between FFQ transformations are presented in Appendix E, Section 9.4.1. Finally, the
contractors discovered that the 24-hour recall consumption in the 10" FFQ decile among the
SBT respondents was considerably lower than expected by the trend in the continuous FFQ
variable and a binary indicator for this group was added into the model to improve the model fit.

The second step involved considering the inclusion of the remaining covariates into the model.
The candidate variables available included presence/absence on the fishers list, gender, ZIP code
group (83540, 83536, 83501 and combined other ZIP codes for the Nez Perce Tribe, and age
(grouped as 18-29, 30-39, 40—49, 50-59 and 60+). All of these variables had an impact on the
estimated distribution of usual fish consumption distribution from the NCI method and were
included in the NCI models. Respondents’ body weight (tried in the modeling as untransformed,
3" root, logio and the decile rank) had no or only a weak relationship with the estimated
consumption distribution and was therefore not included as a covariate. The selected covariates

15 The deciles were defined separately within each tribe.
16 | ambda () is the power exponent used to transform a normal distribution to a distribution appropriate as one
component of a model consistent with the dietary recall data being analyzed.
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were used in two model components of the NCI method: the model for the probability of
consuming from the designated species group on a randomly selected day and the model for the
amount of the fish species eaten during the day, given that consumption occurred on the specific
day.

The 3" root of FFQ was also selected as the covariate for the Group 2 model. However, due to
the small number of single- and double-hits of Group 2 in the SBT, a model with several
covariates was found to be statistically unstable and the remaining covariates (presence on the
fishers list, gender, ZIP code and age) were not included in the final Group 2 model for the
combined Tribes. The final model for Group 2 consumption thus consisted of tribe
(dichotomous), and the 3" root of FFQ rates and its interaction with the dichotomous tribe
variable. When the distribution of the Group 2 consumption rates was to be estimated within
subgroups (e.g., by gender) the corresponding covariate (e.g., gender) was added into the final
Group 2 model for the specific subgroup analysis only.

Seasonality as a potential factor influencing fish consumption was explored, as described in the
next section. More details on covariate selection can be found Appendix E, Section 9.4.1.

5.23.2.1 Assessment of Seasonality

Prior to selecting the covariates, potential seasonal variation in 24-hour recall consumption rates
was explored for Group 1, Group 2 and salmon. For each tribe, the mean consumption by month
was plotted (see Figures E22, E23 and E24 in Appendix E for the Group 1, Group 2 and salmon
displays, respectively). As the consumption values differed between the 1% and 2" interviews,
the means per month were calculated separately for the 1% and 2" interview data for a more
direct comparison across months. While some variability across the months exists, no difference
or pattern was discerned indicating a clear seasonal differences vs. empirical noise; this null
finding may be due to the small sample size for each month. The findings were further
corroborated in the 24-hour recall data by examining seasonal patterns in mean Group 1 FFQ
consumption rates (Appendix E, Figure E25). Also, there might be seasonal variation in access to
fishers for interviews due to their seasonal absence from home. Such absence might affect the
mix of interviewees by month and induce a time pattern of consumption, particularly
consumption of salmon. A plot of the monthly percentage of respondents that were fishers
(Appendix E, Figure E26) shows no clear indication of seasonal differences.

May-July 2014 was the peak salmonid harvest period 1’ , which coincided with the first three
months of the survey. Further analysis of the Nez Perce respondents was conducted to explore
the possibility that different types of respondents were interviewed during the peak harvest
period compared with the remainder of the survey. For instance, if respondents who fish heavily
(potentially respondents with more seasonality in their consumption patterns) tended to be too
busy or otherwise unavailable for interviewing during the peak harvest period, some true
seasonality may be masked.

17 Personal communications from Joe Oatman, Nez Perce Department of Fisheries, to Nayak Polissar during August
28-30, 2015.
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The findings of the seasonality analysis did not provide a basis for adjusting consumption rate
estimates for seasonal variation, but the sample sizes used in these analysis and the findings do
not show that there is not a true, underlying seasonal component. Of the 451 Nez Perce
respondents (138 on the fishers list), 30 (11 fishers) were interviewed during the peak harvest
period. The unweighted percentages of fishers did not vary significantly between the peak
harvest period (May-July, 2014) and the remaining period (37% vs. 30%, Chi-squared test p =
0.6). Appendix Table E18 shows mean FCRs calculated using the 24-hour recalls (naive mean)
and the FFQ means for Group 1 (all fish), Group 3 (salmon or steelhead) and Chinook salmon.
There were no significant differences between the early and later respondents in naive mean
FCRs, when considering the early-late comparison among all respondents or among fishers only
(all p > 0.6; see Appendix Table E18 for details on calculations). Mean Group 1 12-month
consumption rates by the FFQ method were significantly higher in respondents interviewed
during the peak harvest period (170 vs. 120 g/day, p = 0.015), indicating that consumers with
relatively high annual consumption were interviewed during the peak period. There were no
other significant differences in mean FFQ rates between periods (Appendix Table E18).
Appendix Table E19 shows self-reported frequencies of fishing (times per month) from
respondents interviewed during the two periods. There were no significant differences in fishing
rates between periods (p > 0.2 for all comparisons). Taken together, there is no evidence that
fishers, high consumers, or potentially seasonal consumers were under-represented during the
peak harvest period, though with the small sample size, there may be such an effect that was not
detected.

Appendix Table E20 summarizes how often respondents reported species-specific consumption
as two separate periods (higher and lower consumption periods, presumably related to
seasonality of the species) as opposed to averaging consumption over the whole year
(presumably indicating no seasonality). For respondents interviewed during the peak salmonid
harvest period (May-July, 2014), 45% of responses involving salmon or steelhead were reported
using two periods, compared with 27% of such responses for respondents interviewed during the
remainder of the survey period. This ratio was similar among fishers and non-fishers, as well.
While not conclusive, this suggests that during the peak harvest period, respondents were more
apt (though still <50% of the time) to report consumption of these species in two periods to
explicitly acknowledge the seasonality of consumption. In contrast, during the remaining survey
period, respondents most often mentally averaged consumption over the entire year. Note that
according to Appendix Table E18, this did not seem to have notably impacted annual salmon and
steelhead consumption rates. Again, the small sample size during the peak harvest period makes
detecting seasonal effects, if there are seasonal effects, more difficult.

5.23.3 Quality Checking of the Model

The NCI method is a powerful yet complex method to estimate the distribution of the usual
consumption from the 24-hour recall data. A few simple analyses were therefore conducted to
assess the validity of the NCI model estimates.

In the first quality check, the contractors examined the distribution of the consumed amounts. An
important assumption of the NCI method is that the transformed positive consumption amounts
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(fish consumption on days when consumption occurred) are normally distributed. To verify this
assumption the contractors examined the (survey-weighted) histograms of the transformed (3™
root) respondent-specific mean consumption (for the respondents’ one or two days which
included fish consumption) and the within-person residuals (for respondents with double-hits)
for the data from the two tribes combined.

The second quality check consisted of comparison of demographic subgroup means between (a)
the NCI method (considering only the consumption amount part of the NCI model), and (b)
means from a “naive” approach: traditional weighted survey means, calculated directly from the
24-hour recall consumption data (including only days with non-zero consumption). The
demographic subgroups considered were defined by the following covariates, each analyzed
separately for this purpose: the fisher indicator, gender, ZIP code group, age group and the FFQ
decile. The two parameters that the contractors compared for each demographic subgroup were
the mean per-respondent probability of consuming fish on a given day and the mean per-
respondent consumption on days with fish consumption. (Note that the mean consumption per
day, on the average, is the product of these two parameters.)

The naive approach was carried out in three alternative forms, depending on which interviews
were used in the calculations: 1) all interviews, 2) interviews for respondents with two interviews
and 3) only first interviews. Choices 1 and 2 are more comparable to the NCI method in that they
also utilize both interviews and allow examination of the covariate effects on the consumption
rates in both interviews. Choices 1 and 2, however, do not account for the sequence effect
(second vs. first interview) and the results could therefore be systematically lower or higher
compared to the results from the NCI model (as the NCI model adjusts for the sequence effect).
The results from choice 3 (first interview only) should be more comparable to the NCI model
estimates with regard to the adjustment for the sequence effect, as the NCI model adjusts for the
sequence number and calculates the consumption rate distribution keyed to the mean of the first
interview. Some differences between all three choices of the naive approach and the NCI model
estimates are still possible because the NCI model adjusts for differences between weekdays and
weekends while the naive approach does not. The estimates that were compared between the
naive and the NCI methods were consumption probabilities and means of positive consumption
days for groups defined by covariates included in the NCI model. The naive and NCI-method
means were compared within categories of the following variables: presence/absence on the
fishers list, gender, ZIP code group, age and the FFQ rate (categorized in deciles). The
comparison of the NCI and naive approaches was carried out for consumption of Group 1
species only.

A final check of the NCI method estimates involved re-computing the estimates by an
independent statistician. The estimates (mean and percentiles) of the Group 1 consumption
distribution from the NCI method were checked by a member of the NCI staff who deals
regularly with the NCI method (personal communication from Kevin Dodd to Moni Neradilek
on July 2, 2015). The staff member’s Group 1 means and percentiles were all within 0.4% of the
contractors’ estimates for the Nez Perce Tribe and within 0.9% for the Shoshone-Bannock
Tribes.
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5.23.4 Sensitivity Analyses

While building the NCI model several choices were made. These choices included: 1) using the
third root transformation for the FFQ covariate; 2) using the weekend adjustment and the
sequence effect adjustment; and 3) including a number of other covariates in the final model for
the distribution of usual consumption of Group 1 species. To quantify the impact of these choices
on the estimated distributions, a sensitivity analysis was run with alternative choices. (All
sensitivity analyses were carried out for Groups 1 and 2 species unless otherwise noted.)
Specifically, the log transformation for the FFQ covariate was considered instead of the third
root transformation. A model without the weekend/weekday adjustment was also considered, as
was a model without the sequence effect adjustment. For each of these three alternatives, only
the specific item (e.g., weekend/weekday) was changed or omitted in the model and all other
covariates from the final model were unchanged.

Three additional sensitivity analyses were carried out: (a) a model based on the NPT data only;
(b) a simpler model (for Group 1 species only) than the final model (certain covariates were not
included in the model);, and (c) a model assuming zero correlation between the daily probability
of consuming fish and the amount of fish consumed on a true consumption day.

The model based on the NPT data alone was created to compare the means and percentiles from
the final model—using both Tribes’ data—to means and percentiles from a model using just one
Tribe’s data (NPT). The relatively small number of single- and double-hits in the SBT data
required that the final models be fitted to data from both Tribes combined, and that covariates be
introduced into the model to capture differences between the Tribes!®. As the number of hits in
NPT was sufficient to run certain models without problems, a sensitivity analysis was carried out
by running the NCI models with the NPT data only and then comparing the results to the final
estimates from the two-Tribe model.

To examine the impact of combining numerous covariates in the NCI model, a sensitivity
analysis was run in which only a single covariate was added to a model that initially included
Tribe (dichotomous), FFQ consumption rate, the Tribe-FFQ interaction and an indicator variable
for the 10" decile of the FFQ consumption rate in the SBT.

Finally, an important methodological feature of the NCI method is that it can include a non-zero
correlation between the probability of consumption on a random day and the consumption
amount on a true consumption day. In order to investigate the impact of the correlation
assumption, a sensitivity analysis was run forcing the correlation to be zero (no correlation) in
the NCI models.

18 As noted previously, the NCI model based on combined data from the two Tribes was used for the final estimates
of means and percentiles of fish consumption for each Tribe. These estimates are expected to be more precise, under
certain assumptions, than estimates based on a model using data from a single Tribe.
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5.24 Effect of Changes in Study Design on FFQ Rates

An assessment was conducted to determine the impact of two study design changes on overall
fish consumption. The first impact was that of interviews conducted at special events. All
interviews conducted on September 25—-27, 2014 and October 17-19, 2014 were considered
interviews at special events. The second consideration was the impact of non-tribal interviewers
compared to tribal interviewers.

Another assessment was also conducted to determine whether interviews conducted at a
respondent’s home differed in fish consumption from interviews not conducted at their home.
Although this is not a design change, the comparison was of interest because this variable might
have had an effect on the reported consumption. The results of the home/not home analysis are
presented along with the results on design changes for convenience.

The impact of the design variables on fish consumption was calculated both without and with an
adjustment for respondent characteristics. The unadjusted analysis consisted of the calculation of
FFQ means and medians of fish consumption in the two groups and the estimation of the
difference of the two means. The latter was estimated from linear regression (with the same
statistical weighting of respondents as in the calculation of means and percentiles). Linear
regression was also used in the adjusted analysis and included respondent characteristics in
addition to the tested design variable. The characteristics included ZIP code (categorized as
83536, 83501 or others combined), age category (<30, 30-39, 40-49, 50-59 and 60+), gender,
on/off reservation residence, fishing (questions 35 and 36) and the respondent’s body weight (as
a continuous predictor). Including the respondent characteristics in the regression controls for
differences in the fish consumption that may be due to the respondent’s personal characteristics
and not to the tested design variables. The results of this analysis are presented in Section 6.7
“Effect of Changes in Study Design on FFQ Rates.”

5.25 Confidence Intervals

Confidence intervals express the uncertainty of the estimated population means and percentiles
of fish consumption. The confidence intervals in this report were calculated using the bootstrap
replicate weight method (Lumley, 2010), which is a standard statistical methodology for
calculating confidence intervals and incorporates relevant sources of uncertainty. In this method,
1,000 replicate weights (random perturbations of the adjusted sampling weights) are first
calculated (see Section 5.26 for more detail). The replicated weights are then saved for use in all
subsequent confidence interval calculations (see Section 5.27 for more detail). The bootstrap
method for confidence intervals was applied to all weighted analyses (including the analysis of
the FFQ and 24 hour consumption rates). Running the NCI model for 1,000 replicate weight sets
in the bootstrap procedure took over 3 days of computation for species Group 1; therefore, the
confidence intervals were calculated only for the Group 1 mean and percentiles.
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These confidence intervals do not account for any clustering of respondents by household. For
example, people who live together may tend to consume more similarly than randomly selected
individuals from different households. This correlation between individuals within the same
cluster would tend to decrease the precision of the mean and percentile estimates (widen the
confidence intervals). The contractors investigated the potential impact of not accounting for
clustering with the help of the Tribe. The Tribe reviewed the list of respondents and their contact
information, as maintained by the tribal enroliment offices at the time the sample was drawn, to
determine which respondents did live together around the time the survey was conducted. The
review was based on address and the reviewer’s knowledge of the population.

Based on this review by the Tribe, there were 35 household clusters that comprised 81 members
of the 451 respondents with a completed FFQ interview and calculable consumption rate (see
Appendix D for a complete list of respondents’ survey ID codes). Of the 35 clusters, 27 had a
pair of respondents, seven had three respondents and one had five respondents.

If, very conservatively, only one respondent per cluster had been included in the analysis, the
effective sample would have been reduced by 46, to a net of 405 respondents, implying that
consumption information from additional respondents within the same household is completely
“redundant”—a highly conservative and unrealistic assumption. This reduction in effective
sample size would lead to only a 5.5% increase in the confidence interval widths of the mean
Group 1 consumption rate, under a simple random sampling scenario. As this impact is quite
small and would only occur under a very extreme and unlikely scenario, the confidence interval
methodology was not modified to account for clustering.

5.26 Replicate Weight Calculations

A total of 1,000 bootstrap replicates were utilized in the calculation of confidence interval and
other measures or uncertainty or inference. In the calculations, each replicate bootstrap
accounted for two sources of uncertainty: the random sampling of members from the population
in each stratum and the non-response model.

The sampling uncertainty was addressed by drawing 1,000 non-parametric bootstrap resamples.
Each non-parametric bootstrap resample consisted of a stratified random sample from the
original sample, sampling with replacement. Specifically, the strata were the strata used in
drawing the random sample for the study and the sample was the sample of the participants
drawn for this study (see Section 5.5). Each random draw was selected from all sampled tribal
members (both non-responders and responders) in each sample stratum. Logistically, the
recorded information from the non-parametric bootstrap procedure was the number of times (N;)
each respondent was drawn in each bootstrap resample i. Note that for observations not being
drawn into a given resample, Ni = 0.

The uncertainty in the non-response model was also addressed by the non-parametric bootstrap.
For each of the 1,000 bootstrap resamples the response probabilities predicted by the logistic
response model (described in Section 5.20) were recalculated after the model was refitted to each
bootstrap resample. The response probabilities from bootstrap i are denoted by Pri. The non-
response adjusted replicate weights were then calculated for all responders in the bootstrap
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resample. Replicate weights Wi (i denotes the bootstrap index) were calculated as the inverse of
the product of: (a) the sampling fraction per stratum (Fs) and (b) the parametric bootstrap
response probabilities (Pri), and then multiplied by the number of bootstrap resamples for a
given observation:

Wi= Ni /( Fs * Pri)

The 1,000 sets of bootstrap replicate weights were saved and used for all confidence interval
calculations.

5.27 Confidence Interval Calculations for a Specific Statistic

Calculations for specific statistics were carried out on the subset of responders that were relevant
for that statistic (e.g., consumers of Group 2 fish species would be included for Group 2
calculations of the mean, median and other percentiles).

The statistic of interest (a mean, percentiles or a regression coefficient) were than calculated on
the relevant subset of responders (e.g., Group 2 fish consumers) for each bootstrap realization.
Issues with item-specific missing values in this step were automatically handled by the subset
function in the R software (by excluding the observations with missing values and adjusting the
weights to accommodate the actual number of observations used in the analysis). The 95%
confidence interval limits for a statistic were calculated as the 2.5" and the 97.5" percentiles of
the bootstrap distribution of the specific statistic across the 1,000 bootstrap realizations.

In a small fraction of the bootstrap replicates, the NCI model did not converge. The NCI model
estimation is a complex iterative procedure for a non-linear mathematical problem that
occasionally does not arrive at a best solution (non-convergence). The fraction of bootstrap
models that did not converge are reported.

5.28 Handling Missing Values

As with all surveys, the interviewers strove to obtain complete responses from all respondents
and to avoid any missing values. However, in a survey of this size and complexity, missing
values are unavoidable and a concerted effort was made to handle the missing values in an
appropriate manner.

During an interview, the respondents usually had the option of indicating “don’t know or
refused” to avoid responding to a specific question, but could continue on to the subsequent
question. In those situations, missing values were dealt with in multiple ways, depending on the
type of variable with missing data or its importance. If a non-consumption-related response or
variable was missing (e.g., respondent weight in pounds or household income), the respondent
was simply excluded from any analysis involving that variable.

In contrast, if the missing variable was a consumption rate component, then a value was imputed.
The consumption rate components that were imputed in the case of “missingness” were portion
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frequency (e.g., portions per week), portion size (based on portion models) and, if the respondent
reported consumption in two periods (e.g., higher/lower or in season/out of season), the length of
the higher consumption period as a percentage of the year (see Section 5.10 on consumption rate
calculations). The imputation procedure was based on the specific rate component missing and
the corresponding species and was always derived from observed, similar responses without
missingness, as described below.

In the sample, respondents reported consuming 6.2 species on average and 13% of respondents
had at least one missing component among any species reported. In total, there were 2,810
species-specific consumption responses (across all combinations of species and respondents), of
which 3.2% had a missing component. This rate of missingness is relatively low, given the large
number of combinations of respondents and species, but the missingness needed to be addressed
due to the total number of respondents with some missingness.

The guiding principle to the imputation procedure was to impute only individual consumption
rate components rather than the final consumption rate itself, which can vary many-fold between
individuals. In general, the value imputed was a mean calculated from similar responses that had
no missing values, where “similar” means that the species or species group was the same as for
the given respondent’s record with a missing value. For example, if a respondent reported
consuming Chinook salmon by describing consumption during higher and lower consumption
periods, but did not provide the portion size for the lower-period rate, other responses for
Chinook consumption during the lower consumption period, without missingness, would be
selected for imputation. The mean portion size from those similar responses would then be
calculated and used in place of the missing portion size. If there were less than five other similar
records to use for imputing a missing value, related species were grouped to increase the sample
size. All groupings used are fully specified in Appendix C.

Imputation of missing values was performed according to the following rules:

1. Both portion frequency and portion size are missing.
If a respondent provided neither how often he or she consumed a species nor in what
portion size, both frequency and portion size were imputed to 0, which resulted in a
consumption rate of 0 grams/day for that specific species.

2. Portion frequency is missing but portion size is not
If the respondent reported how much he or she consumed per portion but not the
frequency, the frequency was imputed using the mean value computed using records
from the same species and from the same period type, where period type was the whole
year, higher consumption period, or lower consumption period. If fewer than five such
records were available, similar species were grouped together to provide a larger sample
size. Details on how species were grouped is described in Appendix C.

3. Portion size is missing but portion frequency is not
If the respondent reported how frequently he or she consumed but not how much, the
portion size was imputed in an analogous way as Case 2 above, using similar records
without missing values.
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4. Higher consumption period length is missing
If the respondent provided consumption detail for higher and lower consumption periods
but did not provide the length of the higher consumption period, this value was imputed
using the mean calculated from similar responses for higher consumption periods. As for
Cases 2 and 3 above, the imputation was species-specific unless the sample size was less
than 5, in which case similar species were grouped. Appendix C describes this process in
more detail.

Once a value was imputed for the missing consumption rate component, the consumption rate
was calculated according to Section 5.10 as if the imputed value was the actual value provided
by the respondent. Appendix C shows that the final mean and percentiles of consumption rates
were similar under a range of possible imputed values, demonstrating that the impact of
missingness and imputation on the final results was minimal.

There was one exception to the above rules on handling missing values. One respondent reported
consuming Chinook, cod, and crab outside of special events and gatherings, and consuming
salmon, steelhead, and sturgeon at special events and gatherings. However, for all species, this
respondent did not provide a portion size or frequency. Instead of imputing all of these species as
0 g/day as the above rules prescribe, the rates were considered incalculable and the respondent
was excluded from the analysis of consumption rates. The reason for treating this respondent
differently is that the pattern of response strongly indicated that the respondent was a consumer
of salmon (included in Group 2) because salmon was reported as a consumed species both at
special events and gatherings and outside of them. As a rate of zero for both Group 1 and Group
2 would be clearly incorrect in this case and there was no basis for imputation, it was deemed
best to exclude the respondent.

5.29 Limited Percentiles for Small Sample Sizes

Some percentiles may be quite imprecise due to the small sample size of respondents used for the
percentile calculation. Such percentiles have generally been indicated using a rule of thumb
borrowed from random sampling; a percentile was designated as potentially very imprecise if—
treating the sample as a simple random sample—there would have been two or fewer
respondents with a consumption rate equal to or greater than the noted percentile. Due to the
statistical weighting used in the calculation of percentiles, it is possible that in a specific case
there may actually be more than two respondents (in the sample used to calculate the percentile)
with a rate at or exceeding the noted percentile value. Nevertheless, this approximate method
does provide a helpful flag of caution attached to some percentiles. This rule was applied to
analyses estimated from traditional survey-weighted techniques (Section 5.22), but not to NCI
method analyses (Section 5.23). The latter set of analyses relies on the entire data set, rather than
only on the observations in the tail of the distribution to estimate the percentiles.

Confidence intervals for percentiles (described in Section 5.25) may also become less reliable
(inappropriately wide or narrow) when the sample size is small. Such intervals have been
indicated in cases where there were less than five observations greater than or equal to the
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corresponding percentile. This rule was applied only to the analyses estimated from traditional
survey-weighted techniques, but not to the analyses using the NCI method.

5.30 Large Consumption Values

Histograms (Figure 2) were examined of total consumption based on the FFQ, and three
respondents were found with values noticeably higher (1124-1372 g/day) than the other
respondents. The weight and gender of each respondent and the details of the species consumed
were further examined and the consumption rates were determined to be plausible. Accordingly,
the respondents were retained in the analysis without modification of any data.
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Figure 2. Histogram of Group 1 (all fish) FCRs (g/day, raw weight, edible portion). The bin
width is 100 g/day. The percentages (y-axis), corresponding to the frequency of consumers
within each bin, are weighted to correspond to the percentage among consumers in the eligible
population. The sum of all bars equals 100%.
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5.31 Software and Software Modules

Calculations were carried out in R (R Core Team, 2015) versions 3.1.1-3.1.3 and SAS 9.4 (for
NCI method analysis only). The weighted survey analyses performed in R used the survey

package for analysis of complex surveys. (Lumley, 2014 and Lumley, 2004). The NCI method
was performed using a SAS macro (version 2.1) that was obtained directly from the NCI team.
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6.0 Results

6.1 Response Rates

Table 3 summarizes the overall survey response rate, calculated to be 38.0%. Of the 1250 Nez
Perce tribal members originally sampled, 40 were found to be ineligible during the contact
attempts by interviewers (e.g., the sampled member lived out of the eligible area, were employed
as Tribal interviewers involved in the survey, or were deceased, institutionalized or impaired). Of
these, 8 were classified as impaired. For the purpose of overall response rate calculations, the
remaining 1210 members after excluding the 40 ineligible members were used as the
denominator (using the RR1 standard—see AAPOR, 2011).

Of these 1210 members, 472 members adequately responded to the screening interview
questions used to distinguish between consumers (n=464) and non-consumers (n=8). One
respondent who reported being a consumer on screening reported not consuming on the FFQ, so
this respondent was re-classified as a non-consumer, for a total of 9 non-consumers. Of the
remaining 463 consumers, 452 completed the first interview and 451 had a calculable FFQ
consumption rate. The respondent without a calculable rate is described in Section 5.28. The
total number of responders with a complete and usable interview was 460, including the 451
consumers with an FFQ rate plus the 9 non-consumers. The overall RR1 response rate was thus
460 of 1210 (38.0%) (Table 3). The number of responders corresponds to 29% of the original
population size of 1574. During the planning phase (see Section 5.13, “Response Rates”) it was
anticipated that approximately 60% of sampled members would provide a first interview and
48% would provide two interviews. It was also anticipated that these response rates would
provide sufficient assurance of reaching the 50 double-hit interviews (in combination with the
double hits from the SBT interviews) needed to support the NCI method of analysis. While the
achieved response rate was lower than anticipated, the required number of double hits for the two
Tribes combined was achieved.

The 451 consumers with calculable FFQ consumption rates form the primary sample for most
tables presented in this report. However, some tables may be based on more or fewer
respondents, depending on analysis-specific inclusion/exclusion criteria.

Table 3. Survey response rate.

No. or

%

Responders* 460
Total sample size** 1210
Response rate (RR1) 38.0%

*Either was determined to be a non-consumer or completed the first interview and had a calculable FFQ
consumption rate;
**Excludes 40 tribal members found to be ineligible during contact attempts.
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6.2 Factors Effecting Response Rates

This section uses a slightly different definition of response to the survey where ineligible
members are not excluded from the denominator; thus the response rate is somewhat
underestimated relative to the primary definition used in Section 6.1. The sample size and
population size are defined and meaningful numerical counts, whereas the number of ineligibles
detected in the survey depends on various survey-specific factors, such as total survey effort. The
contractors did not wish to use a survey-influenced denominator for response rates in this
section; hence, the entire sample or population is used in the denominators here. Due to the small
number of sampled members found to be ineligible to be interviewed, as noted in Section 6.1, the
inclusion of the ineligibles in the denominators of response rates in this section results in a small
underestimate of those response rates'®. That underestimation is unlikely to have much impact on
the difference in response rates between sample or population subgroups.

The response rate did vary quite substantially by demographic characteristics of the selected
sample. Tables 4 and 5 summarize the details. The response rate among males was higher than
among females (41% vs. 33%), those on the fishers list (“documented fisher”)?° had a
substantially higher response rate than non-fishers (48% versus 33%), and those in the most
tribally populated ZIP code, 83540, had a substantially higher response rate than those in other
ZIP codes (46% vs. 22—26%).

Age was an important factor in determining response; among females and males, the youngest
members of the selected sample had the lowest response rate (the age range of 18-29 had a
response rate of 16% for females and 28% for males vs. 34—43% for other ages among females
and 29-58% for other ages among males).

19 The rate of ineligibility in the entire sample is likely to be between 3% and 9%, based on 40 known ineligibles
among those contacted within a sample size of 1210, from which 460 became respondents. Calculations: 40/1210 =
3%, 40/460 = 9%

20 NPT staff have noted that the fisher list was derived from the Department of Fisheries Resources Management
(DFRM) information on specific individual tribal members who were sampled during their fishing activity at a
certain river/area during a certain fishery season, and is not a comprehensive representation of all “fishers” of the
Tribe. They serve as a “fisher indicator” for purpose of this survey. This will allow comparison their rates to other
Tribal members who were not “documented” as fishers through the Tribe’s sampling program and monitoring
activities.
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Table 4. Response rates by sampling strata. Estimates are unweighted.

Responded**

No. in Total No. % of % of

Group Population* Sampled*] No. Sample Pop.

All 1574 12501460 | 36.8% |29.2%
Sampling Strata

Female Age 18-29 191 1521 25| 16.4% |13.1%

Age 30-39 145 115] 40| 34.8%|27.6%

Age 40-49 152 121) 52| 43.0%|34.2%

Age 50-59 153 122) 42| 34.4%|27.5%

Age 60 or older 175 139 57| 41.0% |32.6%

Male Age 18-29 178 141) 39| 27.7%|21.9%

Age 30-39 160 127] 56| 44.1%|35.0%

Age 40-49 144 114 66| 57.9% |45.8%

Age 50-59 130 103 49| 47.6% |37.7%

Age 60 or older 146 116] 34| 29.3%|23.3%

*Ineligible members are not excluded; the response rates are thus somewhat underestimated:;
**Ejther was determined to be a non-consumer or completed the first interview and had a calculable FFQ
consumption rate.

Table 5. Response rates by demographic characteristics. Estimates are unweighted.

Responded **

No. in Total No. % of % of
Group Population* Sampled* | No. Sample Pop.
All 1574 12501460 | 36.8% |29.2%

Gender
Male 758 601]244| 40.6% |32.2%
Female 816 649]1216| 33.3% | 26.5%

Documented Fisher***

Yes 371 2881139 | 48.3%|37.5%
No 1203 9621321 | 33.4%|26.7%

Zip Code
Lapwai — 83540 906 7291336 | 46.1%|37.1%
Kamiah — 83536 196 151 39| 25.8%|19.9%
Lewiston — 83501 172 136 30| 22.1%|17.4%
Other 300 234] 55| 23.5%18.3%

*Ineligible members are not excluded; the response rates are thus somewhat underestimated;

**Either was determined to be a non-consumer or completed the first interview and had a calculable FFQ
consumption rate;

***Refer to Section 4.3 on Populations for a description of documented fishers. Some respondents who were not
documented fishers did or do fish.
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6.3 Consumers, Non-Consumers and Frequency of Consumption

Non-consumption of fish was rare among the Nez Perce Tribe, as shown in Table 6. An
estimated 2.6% of the adult tribal members do not consume fish. The single most common
reason for non-consumption reported was not liking fish at 87% of non-consumers. Other
common reasons included too busy (36%), do not know how to prepare (28%) and allergy or
health concern (25%). The vast majority (87%) of consumers reported eating fish once per week
or less often, while about 10% eat fish 1-2 times per week (Table 6). However, this frequency
information was determined during the relatively short screening interview and did not involve
detailed probing of consumption patterns.

Of the 463 consumers who responded, 452 completed the first interview which collected detailed
consumption information. One respondent did not provide enough information to calculate an
FFQ consumption rate (described in more detail in Section 5.28), so the remaining 451
respondents with calculable FFQ rates formed the primary sample for most tables presented in
this report. However, some tables may be based on more or fewer respondents depending on
analysis-specific inclusion/exclusion criteria.
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Table 6. Frequency of fish consumption based on 472 responders to the screening
questionnaire. Estimates are weighted.

Unweighted % | No. | Weighted

%

Consumer* Yes 98.1% | 463 97.4%
No 1.9% 9 2.6%

If consumer, how many <1 86.3% | 314 87.3%
days per week?** 1-2 10.4% | 38 9.6%
2-3 2.8% | 10 2.5%

3-4 0.0% 0 0.0%

4-5 0.6% 2 0.6%

5-6 0.0% 0 0.0%

6-7 0.0% 0 0.0%

If non-consumer, why?*** Contamination 0.0% 0 0.0%
(multiple reasons allowed) Availability 0.0% 0 0.0%
Access to fishing 12.5% 1 7.3%

Do not like fish 75.0% 6 87.0%

Too busy to catch or prepare 25.0% 2 35.6%

Do not know how to prepare 12.5% 1 28.4%

Cannot afford fish 12.5% 1 7.3%

Allergies or health concerns 25.0% 2 34.0%

Vegetarian or vegan 0.0% 0 0.0%

Religious customs 0.0% 0 0.0%

*Consumer status was determined primary from the screening interview. Only respondents who sufficiently
completed the interview to determine consumer status were considered responders. One respondent claimed to be a
consumer during screening but then denied being a consumer during the first interview. This respondent was
classified as a non-consumer;

**364 consumers responded to this question;

***8 non-consumers responded to this question.

6.4 Demographic Characteristics

The tribe is diverse in demographic composition. Table 7 shows that in addition to the expected
diversity of gender and age, most of the respondents live in households with three or more
persons, about a quarter of the population are fishers, almost all of the population has finished
high school or obtained a GED (99%) and nearly half of members have attended some college
(45%). Household income is also diverse but with the majority of Tribal member respondents
falling into the range of $15,000—$45,000 per year annual household income. Of the consumers
included on the fishers list, 87% were male while 38% of non-fishers were male. More than half
of the fishers (56%) were between 18 and 39 years old.

Among female consumers, 82% reported giving birth. Of these women, 75% reported breast-
feeding or providing breast milk to their babies. Of those women who have finished breast-
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feeding their youngest child, the median reported age at which they stopped was 6 months
(range: 1 to 46 months).

Table 7. Demographic characteristics of consumers. Estimates are weighted.

No. who
% or Mean + SD Responded
Gender* Male 49.9% 451
Female 50.1%
Age* 18-29 years 21.5% 451
30-39 years 19.6%
40-49 years 19.2%
50-59 years 17.8%
60 years or older 21.8%
Weight, kgs 89.4+19.9 434
Weight, kgs (males only) 96.6 +19.4 239
Weight, kgs (females only) 81.7+17.5 195
No. in household 1 8.8% 451
2 19.4%
3-4 42.8%
5 or more 29.0%
Documented fisher* Yes 24.2% 451
No 75.8%
Live on reservation Yes 82.7% 449
No 17.3%
Highest education Middle school 1.2% 448
High School / GED 54.0%
Associates degree 26.4%
Bachelor’s degree 12.4%
Master’s degree 5.2%
Doctorate 0.8%
Annual household income <$15K 20.5% 410
$15K — $25K 20.8%
$25K — $35K 20.0%
$35K — $45K 12.6%
$45K — $55K 8.1%
$55K — $65K 5.6%
>$65K 12.3%

*From the Tribal enrollment file or the fishers list; other demographics were determined from the questionnaire.
Refer to Section 4.3 on Populations for a description of documented fishers. Some respondents who were not
documented fishers did or do fish.
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6.5 FFQ Rates for Species and Groups of Species

FFQ consumption rate statistics for the Nez Perce Tribe, which include special event
consumption, are shown in Table 8. The Group 1 (all fish) consumption distribution is skewed
toward large values due to a number of consumers with high consumption rates. The mean of
123.4 grams per day among the 451 consumers with a calculable consumption rate is
accompanied by a standard deviation of 159.4, larger than the mean, indicating skewness toward
large values. In addition, the mean (123.4 g/day) is larger than the median (70.5 g/day), another
indication of skewness.

The 90" percentile of consumption, 270.1 grams per day, is more than twice the mean and
approximately four times the median, and the 95™ percentile of consumption, 437.4 grams per
day, is approximately triple the mean and over six times as large as the median. The maximum
observed consumption rate was 1,371.9 grams per day.

Confidence intervals are presented for the means and percentiles of consumption. The width of a
confidence interval is a measure of the uncertainty in the specific estimated value. Regardless of
the width of the confidence interval, the estimated rate (statistically referred to as the “point
estimate™) is a useful value and is methodologically superior to any other choice within the
confidence interval as an estimate of the percentile, because it has been derived by an unbiased
method. It is wrong to assume for these survey results that the range of a confidence interval—
from lower bound to upper bound—is a level field with all consumption rate values in it having
equal merit for being the choice for the true population value. The choice of the “point estimate,”
for example, of 437.4 grams per day for the 95™ percentile (FFQ method, Group 1 species), is the
only estimate within the interval that is derived by an unbiased procedure. It is the only unbiased
value to use as the 95" percentile.

In Group 2, the mean consumption rate is somewhat lower at 104.0 grams per day, and the
median consumption rate for Group 2, 61.3 grams per day, is approximately 85% as large as the
median for Group 1, Once again, this species group’s consumption rate has values skewed
toward high consumption rates, weighting to a 90" percentile of 231.4 grams per day and a 95"
percentile of 327.9 grams per day. The maximum Group 2 consumption rate of 1323.8 grams per
day is, again, large but plausible. The consumption rates are presented in a graphic format in
Figures 2 and 3.

Groups 3 through 7 are mutually exclusive and completely subdivide Group 1. Among Groups 3-
7 the most consumed group is Group 3 (salmon and steelhead), with 446 consumers and a mean
consumption rate of 79.0 grams per day, followed by Group 6 (marine finfish and shellfish), with
308 consumers and a mean rate of 51.0 grams per day. Groups 4 (resident trout) and 5 (other
freshwater finfish and shellfish) had similar consumption with 136 and 150 consumers,
respectively, and mean rates of 13.5 grams per day and 14.3 grams per day. There were only 2
consumers of Group 7 (species not specified sufficiently well to place in one of the
aforementioned groups), with a mean rate of 8.1 grams per day.
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Table 8. Mean, median and selected percentiles of FCRs (g/day, raw weight, edible portion) in the Nez Perce Tribe, based on the FFQ);

consumers only. Estimates are weighted.

No. of Percentiles
Species Group* Consumers Mean SD  Min 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% | ***99% Max
Group 1 451 1234 | 1594 0.4 70.5 79.1 91.2 109.5 1245 137.6 163.9 207.4 270.1 437.4 795.9 | 13719
(all finfish and shellfish)
(95% ClI) (108.7- (63.6- | (69.4- (76.8- (88.6- | (106.4- | (123.9- | (143.9- | (1748- | (221.0- | (309.5- (562.1-
146.5) 80.8) 94.8) | 109.8) | 126.7) 147.4) 166.6) 206.3) 264.7) 340.3) 522.6) 1172.0)
Group 2 446 104.0 | 1442 0.2 61.3 69.0 7.7 91.5 103.6 123.3 145.1 175.2 231.4 327.9 764.5 | 13238
(near
coastal/estuarine/freshwater/anadromous
finfish and shellfish)
(95% ClI) (92.0- (52.2- | (59.7- (66.7- (76.8- (88.9- | (104.1- | (127.6- | (151.1- | (195.8- | (250.9- (500.9-
125.9) 69.5) | 80.3) 94.2) | 105.6) | 1282) | 146.9) | 176.3) | 222.9) | 288.6) | 489.9) | 1150.2)

Group 3 446 79.0 | 119.7 0.2 45.2 49.5 58.0 65.6 75.7 89.4 107.1 131.7 166.1 247.3 706.7 949.8
(salmon and steelhead)
(95% CI) (68.9- (384- | (45.9- | (51.0- | (58.8- (67.5- (78.3- (97.7- | (114.1- | (145.9- | (200.7- (431.1-

96.0) 55.3) 61.9) 70.0) 79.3) 96.6) 110.9) 135.4) 163.1) 205.5) 438.1) 798.1)
Group 4 136 135 425 | 0.03 38 5.3 5.8 7.3 7.9 9.0 13.0 19.9 26.3 56.8 **129.3 544.2
(resident trout)
(95% ClI) 8.2- (1.9- (2.8- (3.7- (5.1- (5.7- (7.5- (8.1- (11.0- (18.8- (28.6- (56.3-

28.0) 6.2) 7.5) 8.1) 10.4) 13.9) 19.3) 22.0) 32.4) 56.5) 89.9) 428.3)
Group 5 150 14.3 32.1 | 0.02 3.7 5.0 6.2 7.5 8.6 11.2 149 20.4 34.2 75.9 **109.2 309.5
(other freshwater finfish and shellfish)
(95% CI) (9.4- (20-| (@7- (3.4- (4.2- (5.3- (7.2- (8.7- (12.1- (19.0- (34.7- (77.6-

21.9) 5.7) 7.2) 8.4) 11.1) 14.6) 20.5) 29.3) 45.1) 75.0) | 103.2) 237.5)
Group 6 308 51.0 77.6 0.1 29.8 338 37.9 44.9 52.8 57.7 70.0 74.9 93.3 155.4 363.0 731.8
(marine finfish and shellfish)
(95% ClI) (42.3- (25.1- | (28.4- (30.6- (34.5- (42.0- (48.6- (56.3- (68.4- (80.1- | (124.4- (255.6-

63.5) 34.4) 40.6) 46.7) 53.0) 58.1) 70.3) 80.0) 105.5) 151.2) 288.9) 521.6)
Group 7**** 2 8.1 49 - - - - - - - - - - - - -
(unspecified finfish and shellfish)

*See Table 2 for definitions of species groups;
**Two or fewer expected respondents with rates equal to or greater than the reported percentile (approximately); interpret this percentile more cautiously;
***Confidence intervals for the 99" percentile are less reliable because there are less than 5 respondents equal to or greater than the reported percentile (approximately); interpret these intervals more

cautiously;

****There were only 2 consumers of unspecified species so only the mean and SD are presented.
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Figure 3. Estimated cumulative distribution of FFQ FCRs (g/day, raw weight, edible
portion). Group 1 includes all finfish and shellfish. Group 2 includes near coastal, estuarine,
freshwater, and anadromous finfish and shellfish. The percentiles are spaced every 5% on the
vertical axis, with the 1% percentile and 99™" percentiles also included. Estimates are weighted.
The points are the original estimates and the lines (solid and dotted) are linear interpolations
between those estimates. The mean consumption rates for both species groups are indicated with
points on the horizontal axis.
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6.6 FFQ Consumption Rates by Demographic Groups

FFQ consumption rates for Group 1 (all fish) did vary substantially across some of the
demographic factors (Table 9). The documented fishers (based on the fisher list) had a
substantially higher consumption rate than the non-fishers (or those tribal members who were not
documented as fishing recently through the Tribe’s sampling program and monitoring activities).
The mean of 171.8 g/day for fishers is 60% larger than the mean for non-fishers at 107.9 g/day.
The medians and higher percentiles are also substantially different. As noted in Section 4.3
(Populations), some active fishers who were not on the fishers list may have been incorrectly
classified as non-fishers. Thus, it is possible that the difference in population consumption rates
between true fishers and non-fishers is not correctly estimated by the difference between labeled
fishers and non-fishers presented in Table 9.

The survey included questions for respondents on their frequency of fishing (see questions #35
and #36 in Appendix A for question wording). A comparison of responses to these questions and
presence or absence on the fishers list shows that of 93% of those on the fishers list did report
fishing during the preceding 12 months. In the same group, 79% reported fishing more
frequently—at least 12 times in the preceding 12 months (a calculated average of once per month
or more). Among those not on the fishers list, 50% reported fishing during the last year but only
22% reported fishing at least once per month, on the average. Thus, those on the fishers list
include a much higher fraction of people who fish and a much higher fraction of more frequent
fishers than is found among those respondents not on the list. The fishers list contains about two-
thirds of the respondents who fish more frequently, defined as those fishing once per month or
more, on the average. (These calculations are based on 138 respondents on the fishers list and
313 respondents not on the fishers list, limited to those completing questions #35 and #36 of the
questionnaire.)

The mean consumption rate for males was higher than the female rate by 46%: a mean of 146.6
g/day versus 100.2 g/day, respectively.

Age had less of an impact on consumption rates, being relatively consistent (mean and median)
across all age groups except the oldest age group (60 years or older).

Those living on the reservation had a higher mean consumption than those not living on the
reservation; higher percentiles of consumption were also larger for those living on the
reservation.

Household size did not show a consistent relationship with consumption rates. Nor did
education, with those completing high school (or GED) or less having about the same
consumption rate as those who reported some college education. There was also no consistent
pattern of consumption rates in relation to household income.
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Table 9. Estimated distribution of FFQ consumption rates (g/day, raw weight, edible
portion) of consumers within demographic groups. All rates are for total consumption
(Group 1). Estimates are weighted.

No. of Percentiles
Group Consumers* | Mean SD | 50% | 90% 95%
Gender**
Male 241 | 146.6|179.3 | 87.4|285.1| 488.3
Female 210 | 100.2|133.1| 54.7|2440| 341.4
Age**
18-29 years 61| 126.7 | 175.4 | 74.7|225.2| 522.4
30-39 years 94| 1409 |161.1| 74.0|298.9| 448.6
40-49 years 116 | 115.4|126.1 | 68.5|241.2| 463.3
50-59 years 89| 130.3|193.4| 67.4|253.8| 308.2
60 years or older 91| 105.8|136.8| 62.3]|264.8| 332.0
Documented Fisher**
Yes 138 | 171.8|207.2| 98.0 |436.8| 543.5
No 313 | 107.9|1375| 65.5|2329| 337.7
Live on reservation
Yes 391 | 127.3|164.4| 70.6 | 284.6| 451.0
No 58| 106.5|134.4| 65.6 | 202.8| 237.5
Number who live in household
1 37| 133.9|179.3 | 82.0 | 288.3 | ***423
2 84| 119.0|144.1| 57.2|285.3| 4515
3-4 193 | 119.3|163.7 | 71.0|224.3| 441.0
5 or more 137 | 129.2|158.0| 74.0|284.0| 381.1
Highest education
High school / GED or less 242 | 126.6 | 176.5| 70.4 | 253.9| 492.0
Associates degree or higher 206 | 120.4|136.5| 70.7|275.0| 409.0
Annual household income
<$15K 79| 122.9(168.7 | 69.7 | 282.4 | 324.9
$15K — $45K 219| 126.6|165.9| 71.1|250.8| 488.7
>$45K 112 | 117.7 | 1135 | 72.4|244.8| 339.6

*Consumers with unknown or missing subgroup status were excluded for the analysis of that subgroup;

**Erom the enrollment list or fisher indicator list; other subgroups were determined from the questionnaire;
***Two or fewer expected respondents with rates equal to or greater than the reported percentile (approximately);
interpret this percentile more cautiously.

6.7 Effect of Changes in Study Design on FFQ Rates

The estimated mean and medians of FFQ fish consumption classified by two variables that
reflect mid-survey changes in design are shown in Table 10. The table compares FFQ rates of
consumption of Group 1 (all fish) species for interviewing at special events vs. regular
interviewing and for tribal vs. non-tribal interviewers. The table also compares FFQ rates for
home vs. non-home interviews, which is included here for convenience, though it does not
reflect a design change. The corresponding differences in means (comparing interviews with vs.
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without a given characteristic), unadjusted or adjusted for other respondent characteristics, are
shown in Table 11.

The mean consumption for respondents interviewed at special events was 0.3 grams/day lower
compared to respondents not interviewed at special events. This difference reversed and was still
small (5.4 grams/day) once respondent characteristics were adjusted for. These differences were
not statistically significant (p = 0.8-1.0).

The mean FFQ consumption for respondents with tribal interviewers was 31.7 grams/day lower
compared to respondents with non-tribal interviewers. This difference was similar (30.7
grams/day) once respondent characteristics were adjusted for using a multivariate linear
regression model (Table 11). Both the unadjusted and adjusted difference were not statistically
significant (p = 0.3).

Finally, the mean consumption for respondents interviewed at home was 29.1 grams/day lower
compared to respondents interviewed elsewhere. This difference changed very li