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Efficacy of Risk-Based, Culturally Sensitive Ogaa (Walleye)
Consumption Advice for Anishinaabe Tribal Members
in the Great Lakes Region

Adam D. DeWeese,1 Neil E. Kmiecik,2 Esteban D. Chiriboga,1 and Jeffery A. Foran3∗

The Great Lakes Indian Fish and Wildlife Commission (GLIFWC) has produced Ogaa
(walleye—Sander vitreus) consumption advisories since 1996 for Anishinaabe from GLIFWC
member tribes in the 1837 and 1842 ceded territories of Wisconsin. GLIFWC’s advisory maps
were revised in 2005 to address cultural sensitivities (to protect tribal lifeways), to utilize re-
cent mercury exposure information, and to incorporate changes in advisory levels for methyl
mercury. Lake-specific, risk-based, culturally sensitive consumption advice was provided on
color-coded maps for two groups: children under age 15 years and females of childbearing
age, and males 15 years and older and females beyond childbearing age. The maps were
distributed to, and a behavioral intervention program developed for, the six GLIFWC mem-
ber tribes in Wisconsin as well as member tribes in Minnesota and the 1842 ceded territory
of Michigan. Tribal fish harvesters, tribal health care providers, women of childbearing age
or with young children, tribal leaders, elders, and children were targeted specifically for the
behavioral intervention. The efficacy of the behavioral intervention was assessed using sur-
veys of 275 tribal fish harvesters from Wisconsin, 139 tribal harvesters from Michigan and
Minnesota, and 156 Wisconsin women of childbearing age. Significant increases in the per-
centage of survey participants who indicated awareness of advisory maps occurred among
Wisconsin harvesters (increase from 60% to 77%), Michigan and Minnesota harvesters (29%
to 51%), and women of childbearing age in Wisconsin (40% to 87%). A significant increase
in preference for smaller Ogaa occurred among tribal harvesters in Wisconsin (41% to 72%)
and tribal harvesters in Michigan and Minnesota (49% to 71%), although not among women
of childbearing age. The GLIFWC map-based advisory program did not adversely affect
tribal harvest of Ogaa, which increased from 63,000 to 88,000 fish in the three states after the
intervention.
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1. INTRODUCTION

Member tribes of the Great Lakes Indian Fish
and Wildlife Commission (GLIFWC) harvest and
consume Ogaa (walleye—Sander vitreus) as part of
a traditional Anishinaabe “lifeway”—an approach
to living that incorporates culture, spirituality, lan-
guage, and traditions including consumption of in-
digenous foods. Ogaa is an indigenous food har-
vested by tribal members from inland lakes in the
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Fig. 1. Location of the 11 GLIFWC member tribes. The ceded territory and tribal reservation boundaries are representations and may not
be the actual legally binding boundaries.

territories ceded to the United States through
treaties signed in 1837 and 1842 (Fig. 1). Ogaa have
concentrations of methyl mercury that threaten An-
ishinaabe lifeways and pose health threats to tribal
members (“Anishinaabe” refers to the Ojibwe or
Chippewa people).

The adverse health effects of consuming fish
and other foods contaminated with methyl mercury
include impairment of fetal neurological develop-
ment(1) as well as neurological development and cog-
nitive performance in young children.(2) At higher
concentrations, exposure to mercury can cause pares-
thesia, ataxia, and sensory deficits, among others,(3,4)

although such critical concentrations of mercury do
not typically occur in fish. Federal, state, tribal, and
intertribal agencies issue advice to reduce or avoid
consumption of mercury contaminated fish;(5–9) how-
ever, state and federal advice is primarily health-
based and does not incorporate consideration of
impacts on traditions and cultures of indigenous
peoples.

GLIFWC has issued Ogaa consumption advice
for its member tribes in Wisconsin via GIS-based
maps since 1996 (Table I). The advice was intended
to reduce health risks associated with consumption
of Ogaa contaminated with methyl mercury. In 2005,

GLIFWC revised its advisory maps by incorporat-
ing recent changes in risk-based advisory levels for
mercury,(10,11) by incorporating data on tribal fish
consumption and methyl mercury concentrations in
Ogaa tissue, by extending advice to harvesters in
Minnesota and Michigan, and by including consid-
eration of tribal culture and treaty-reserved rights
to harvest Ogaa. We then implemented an inter-
vention program for tribal fish harvesters, women
of childbearing age, children, and tribal elders and
leaders. We hypothesize that GLIFWC’s map-based
advisory program can change harvest and consump-
tion behaviors in ways that reduce exposure to
methyl mercury in Ogaa while maintaining an impor-
tant tribal lifeway—the harvest and consumption of
Ogaa.

We present here the health- and culture-based
methods used to develop and disseminate Ogaa con-
sumption advice for tribal members, our approach
to distributing the advice and influencing harvest
and consumption behavior of tribal members (the
intervention program), and, to test the hypothesis,
an analysis of the efficacy of the program in chang-
ing harvest and consumption behavior while main-
taining Anishinaabe lifeways. While this effort was
focused solely on Ogaa harvested and consumed
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Table I. Project Timeline

1989 GLIFWC walleye contaminant sampling begun
1996 GIS color-coded maps produced by GLIFWC
1997–2001 GLIFWC fish consumption study

Project Initiatives
September 2004 Grant initiatives begun
April 2004 Walleye sampled from MN and WI lakes
June 2004–January 2005 GIS color-coded map revision process
October 2004 Focus groups convened
October 2004–January 2005 Efficacy surveys developed
January–February 2005 Revised WI maps sent to focus groups and academic experts for comment
January–February 2005 Baseline survey of WI harvesters
March 2005 Revised maps finalized for six WI reservations
March–April 2005 Revised WI maps distributed to tribal permit stations on six WI reservations, presentations at spearer

meetings
March–August 2005 Meetings and check-ins with health professionals at each of the six WI reservations (re: surveys of

WCBA)
June–July 2005 First postintervention survey of WI harvesters
June–September 2005 Baseline survey of women of childbearing age from six WI reservations
October 2005 Intervention for WCBA on six WI reservations begun—maps distributed through health service

providers
October 2005 Intervention for the broader population on six WI reservations begun—wall maps posted at various

locations
February 2006 Baseline survey MI and MN harvesters
March 2006 WI maps updated with new data from the 2005 sampling season
March 2006 Maps created for the MN 1837 ceded territories
March 2006 Maps created for select lakes in the MI 1842 ceded territories
March–April 2006 Revised WI maps distributed to tribal permit stations on six WI reservations, presentation at tribal

harvester meetings
March–April 2006 Maps distributed to tribal permit stations on two MN and one MI reservations
March–April 2006 Revised maps distributed to health clinics on Wisconsin reservations
March–April 2006 MN and MI maps distributed to clinics on two MN and one MI reservations
March 2006 Intervention begun for the broader population on six WI, two MN, and one MI reservations—posted

wall maps at various locations, staffed information booth at health fairs and environmental festival
June–July 2006 Second postintervention survey of WI harvesters
June–July 2006 Postintervention survey MI and MN harvesters
August–September 2006 Postintervention survey of women of childbearing age from six WI reservations
October 2006–January 2008 Results of surveys analyzed
2007 Statistical methods used to develop maps published
2008 Results of surveys submitted for publication

Note: Project initiatives are those conducted under the EPA-funded Star Grant to the Great Lakes Indian Fish and Wildlife Commission.

by tribal members, we recognize that other indige-
nous foods may also contain methyl mercury(12)

and, where mercury levels are significantly elevated,
should be included in a comprehensive advisory
program.

2. METHODS

A full project time-line is provided in Table I.

2.1. Risk-Based Consumption Advice

We followed the general methods of the
U.S. EPA(11) to develop risk-based consumption

advice for mercury-contaminated fish. We used the
1985 reference dose (RfD) for methyl mercury
(0.3 μg/kg/day)(13) to generate consumption advice
for the general population (males 15 years of age and
older, and females beyond childbearing age), and the
current RfD (0.1 μg/kg/day)(11,14) to generate advice
for sensitive populations (females of childbearing age
and children under the age of 15).(5,6,15)

Contaminant concentrations in Ogaa tissue and
tribal fish consumption rates were used to estimate
contaminant exposure. GLIFWC has a database of
4,197 samples of lake- and size-specific Ogaa tis-
sue methyl mercury concentrations generated over
17 years from 221 lakes in the ceded territories of
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Wisconsin, Michigan, and Minnesota. When com-
bined with state agency data, we were able to de-
velop advice for 293 of 449 lakes depicted on the
maps. Lake-specific consumption advice was gen-
erated from this database as described below (the
database is described in Madsen et al.(16) and avail-
able from GLIFWC).

2.2. Fish Consumption

GLIFWC conducted a five-year study (1997–
2002) of individuals from member tribes to develop
estimates of fish consumption rates and patterns.
Families that consumed fish were selected for the
study and nearly all included children under the
age of 15 years. A diary method was employed for
this study. Fifty-one families from 10 tribes recorded
their fish consumption during the study. Nine to
twelve families participated each year, and three
families participated during two study years. Fami-
lies volunteered for the study by either responding
to a flyer or were identified by a tribal representative
and asked to participate.

One individual from each family was instructed
on how to complete consumption-recording forms.
This individual recorded each participating family
member’s meals of harvested fish eaten at home
over the course of a study year. Harvested fish were
those taken from water bodies in the ceded terri-
tories by tribal members. Participant name, gender,
age, date of meal, fish species consumed, and grams
of fish eaten by each participant at each meal were
recorded. Families were provided a Pelouze model
PE10, 5,000 g capacity digital scale, with accuracy to
5 g, and the data recorder was given instruction on
using the scale to determine the uncooked weight of
fish consumed at a single meal. Data forms were col-
lected twice per study year during years 1 and 2 and
three times during years 3–5 of the study.

Meal frequency information was collected for
eight months during year 1 (April 1, 1997–November
30, 1997); thus, year 1 data were used only in calcula-
tions of spring consumption rates. Fish consumption
information, including meal frequency, was collected
for 12 months during years 2–5 and these data were
used in calculations of annual consumption rates and
meal size.

Fish consumption rates (g/day) for individuals
were determined by dividing the total grams of fish
consumed during a period (e.g., annual or April–
May) by the number of days in that period. The
average meal size (in grams) of harvested fish for

each individual family member was determined from
recorded meal weights. The data were handled ac-
cording to a two-stage sampling design, where fam-
ily members in the study were treated as a simple
random sample of primary sampling units, and meal
sizes were treated as a simple random sample of sec-
ondary sampling units. Thus, a mean meal size ȳi =∑

j yij was estimated for each family member i by av-
eraging over the meal sizes indexed by j. These mean
meal sizes were subsequently averaged to obtain the
estimated mean meal size given by ȳ = ∑

i ȳi .(17) In
calculating group (sensitive or general) and overall
means, the meal size for each individual had the same
influence regardless of the number of meals eaten.
Statistical analysis was conducted using SAS system
for Windows version 6.12.(18)

2.3. Advisory Map Development

GLIFWC convened three tribal focus groups
to participate in the development of revised con-
sumption advisory maps. The focus groups addressed
general issues such as the level of detail included
in an advisory map as well as risk assessment and
risk management issues that influenced the structure
and composition of maps. Twenty-three tribal mem-
bers (15 males and 8 females) from five of the six
GLIFWC member tribes in Wisconsin participated
in the focus groups. Participants included tribal el-
ders, tribal leaders, fish harvesters, individuals famil-
iar with GLIFWC’s previous advisory maps, and in-
dividuals who had children.

Focus group participants were asked to review
and critique previous advisory maps. Focus group
members were also given time to express additional
concerns and offer ideas for elements they wished
to see added to the advisory maps. Discussion was
recorded for subsequent review and a summary of
the meetings was produced and referenced during
development of the revised advisory maps. A draft
map was produced and provided to eight focus group
members for further review and several comments
led to changes that were incorporated into the final
version. Focus group input led to the inclusion of a
single reference length for Ogaa, meal frequency ad-
vice categories, an alphabetized list of lakes, and re-
vised risk communication language.

Advice categories were chosen for the maps
based on the goals of protecting the health of tribal
members (reducing mercury exposure) and preserv-
ing tribal lifeways (Ogaa harvest and consumption).
Each advice category constrained consumption of
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contaminated Ogaa to levels that limit mercury expo-
sure to the RfDs for general or sensitive populations.
Eight versions of the advisory maps were prepared,
one for each of the six Ojibwe tribes in Wisconsin, a
seventh for Ogaa lakes in the Minnesota 1837 ceded
territory, and the eighth for select Ogaa lakes in the
Michigan 1842 ceded territory. Lakes were displayed
on the maps using five colors to represent each con-
sumption category.

2.4. The Intervention

The intervention consisted of dissemination of
advisory maps to target groups that included tribal
leaders, fish harvesters, women of childbearing age,
children, and elders, as well as the broader tribal pop-
ulation. Maps were provided during oral presenta-
tions to each target group as fish consumption advice
is more effectively communicated through oral pre-
sentations than through printed materials alone.(19)

Presentations included detailed training on use of the
maps, general information about the adverse health
effects of mercury exposure, and information about
how map-based consumption advice was developed.

Presentations were given to GLIFWC’s Board
of Commissioners and Voigt Inter-Tribal Task Force
(VITTF) to ensure that the advisory and interven-
tion program met the expectations of tribal leaders.
The Commissioners and the VITTF provide over-
sight and direction to GLIFWC and support its fish
consumption advisory program. Presentations were
made to tribal elders, who are looked upon as teach-
ers, storytellers, and keepers of the earth and tra-
ditions among the Anishinaabe. The Anishinaabe
words for old woman and old man, Mindimooyehn
and Akiwenzii, are literally translated into “keepers
of the stories” and “keepers of the earth.”

Presentations to Wisconsin harvesters and distri-
bution of advisory maps were conducted at meetings
before the 2005 spring spearing season. Individual
maps were also made available to tribal harvesters,
and large wall-maps were posted at each tribal reg-
istration station where Ogaa harvest permits are is-
sued. Maps were again made available to Wisconsin
harvesters as well as to Mille Lacs (Minnesota), Fond
du Lac (Minnesota), and Lac Vieux Desert (Michi-
gan) fish harvesters prior to the start of the 2006
spring harvest.

An intervention program for Wisconsin women
and children was conducted with the assistance of
tribal community health professionals who admin-
ister programs such as the Honoring Our Children

(HOC), Women Infants and Children (WIC), Fam-
ily Nutrition, and Birth. Health professionals were
trained to use the advisory maps during the sum-
mer and fall of 2005. Maps were then pro-
vided to these individuals for distribution to their
female patients. In 2006, maps were again distributed
through this network on the six Wisconsin reserva-
tions and also to tribal health clinics on the Mille
Lacs, Fond du Lac, and Lac Vieux Desert reserva-
tions. Additional interventions were given directly to
children at Boys and Girls Club gatherings.

Finally, large versions of the maps were posted
conspicuously on the six GLIFWC-member reserva-
tions in Wisconsin during 2005. Maps were displayed
at locations frequently visited by tribal members,
such as tribal clinics, grocery stores, libraries, schools,
community centers, and administrative offices. Im-
ages of both sides of the maps were also posted
on GLIFWC’s web site (www.glifwc.org/biology/
inlandfish/mercury/mercury.html). An article on the
revised maps was published in GLIFWC’s quarterly
newspaper, Mazina’igan. Maps were posted again in
2006 on the member reservations in Wisconsin as
well as the Mille Lacs, Fond du Lac, and Lac Vieux
Desert reservations.

2.5. Efficacy Assessment

We measured the efficacy of interventions via
telephone surveys developed for fish harvesters and a
combination of telephone and self-administered writ-
ten surveys for women of childbearing age (Table II).
Baseline surveys were administered before the inter-
vention programs were begun. Shortly after each in-
tervention program, a postintervention survey was
administered. Wisconsin harvesters were surveyed
a third time (second postintervention survey) since
they received an intervention before two harvest sea-
sons. Survey clerks attempted to complete telephone
surveys for individuals in each database until either
a completed survey or a refusal was obtained. A
minimum of six attempts were made for each tele-
phone number, unless numbers were no longer in
service.

A baseline (preintervention) survey of adult
tribal fish harvesters from GLIFWC member tribes
in Wisconsin was conducted by phone in January and
February 2005 (Table II). Participant phone num-
bers were acquired from a database of tribal fish
harvesters who obtained spearing or netting permits
from 2000 to 2004. The first postintervention survey
of these individuals was conducted following the 2005
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Table II. Response Rates for Surveys Conducted by GLIFWC to Determine Intervention Efficacy

Number of Number of Respondents Number of
Respondents—WI MN and MI Respondents—Women

First Post- Second Post- Post- Post-
Survey Baseline intervention intervention Baseline intervention Baseline intervention

Initial phone numbers 529 233 217 247 136
Valid phone numbers 386 217 185 171 121 97

Tribe Numbers Completed Tribe Numbers Completed

Bad River 45 35 32 FDL 94 73 Mailed 46
LCO 56 36 32 LVD 20 17
LDF 63 34 29 ML 25 14 Completed by mail 2
Mole Lake 40 30 24 Completed by phone 64
Red Cliff 45 35 32
St. Croix 27 17 17

Total 275 187 166 139 104 156 66

Note: One hundred fifty-six baseline surveys (paper) of women were disseminated via clinics. Phone numbers for postintervention surveys
of women were drawn from baseline paper surveys, and 46 postintervention surveys were mailed to women who completed the baseline
survey but did not provide a valid phone number.
LCO = Lac Court Oreilles; LDF = Lac du Flambeau; FDL = Fond du Lac; LVD = Lac Vieux Desert; ML = Mille Lacs.

spring fish-harvesting season, and a second postin-
tervention survey was conducted following the 2006
spring harvest. Participants for each postintervention
survey consisted of fish harvesters who completed
the preintervention survey and agreed to participate
in the postintervention surveys. Wisconsin harvesters
who agreed to participate in the postintervention sur-
vey but did not complete the first postintervention
survey were surveyed again, when possible, in the
second postintervention survey.

A baseline (preintervention) survey of adult
tribal fish harvesters from the Mille Lacs, Fond du
Lac, and Lac Vieux Desert bands was conducted by
phone in February 2006 (Table II). Participants were
acquired from a database of tribal fish harvesters who
obtained spearing or netting permits from 2001 to
2005. A second (postintervention) survey was admin-
istered in July 2006.

A baseline survey of women of childbearing
age from GLIFWC-member tribes in Wisconsin was
implemented with the assistance of the same net-
work of tribal community health providers that ad-
ministered the intervention program for this group
(Table II). Women who volunteered to partici-
pate were asked to complete the baseline survey
at a health program office or at home and mail it
to GLIFWC in the addressed, stamped envelope.
After approximately nine months of intervention
for this group, a postintervention telephone sur-
vey was conducted for women who completed the

preintervention survey and agreed to participate in
a follow-up survey.

A generalized linear model approach with a
binomial response, with repeated measures to ac-
count for correlations for people who responded
in more than one survey (baseline, first postinter-
vention, second postintervention), was used to ana-
lyze survey results. Given a dichotomous response
variable, the possible outcomes were 1 (yes) or 0
(no). The probability that a response was 1 (yes)
in survey i was represented by π 1,i. The probabil-
ity that the response was 0 (no) was 1 – π 1,i. The
model used was then given by ln(π1,i/1 − π1,i ) = μ +
βi for survey i = 1 or 2 or 3. Thus, the probabil-
ity of a response of 1 (yes) in survey i was given by
π1,i = exp(μ + βi )/1 + exp(μ + βi ), where μ is the
intercept and β i is the coefficient associated with
survey i.

Proc Genmod for generalized linear models was
used, with a binomial distribution for the response
ln(π1,i/1 − π1,i ) using a compound symmetry covari-
ance structure, to account for the dependence when
the same people responded to multiple surveys. The
p-values (Pr>ChiSq) tested the null hypothesis that
there were no differences between baseline and the
first postintervention, baseline and the second postin-
tervention, and the first and second postinterven-
tion surveys. The three probability estimates π 1,i that
were of interest were given for each survey. The
probabilities for baseline surveys were always equal
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to the raw data, since all participants responded in
the baseline survey. Refusal rates for contacted indi-
viduals in all surveys were less than 1%.

3. RESULTS

The GLIFWC advisory maps (Fig. 2) emphasize
the opportunity to harvest and consume Ogaa while
limiting mercury intake to levels that do not exceed
the EPA RfD. A combination of text and graphics
was used to develop the revised maps, and the maps
provide consumption advice as well as information
on health benefits of consuming fish.(20,21) The fac-
ing page of advisory maps is graphically intensive,
depicting consumption advice for lakes harvested by
tribal members using five color codes, while the back
relies more heavily on text.

Consumption of harvested Ogaa increases con-
siderably during April and May, coinciding with the
spring harvest (Fig. 3); therefore, the maps pro-
vide advice about spacing meals over time to reduce
pulsed mercury exposures each spring. The maps also
encourage tribal members to label and store Ogaa
fillets so that consumption advice can be followed
throughout the year. A statement indicating that “an
average 19 inch Ogaa will have 8 ounces of meat” was
also included on the maps to provide a metric to ref-
erence when following consumption advice. A gen-
eral statement advising tribal members to choose gi-
igoonh (fish) from lower trophic levels was included
as these fish tend to have lower mercury concentra-
tions. Finally, a brief explanation of the risks and
benefits of eating fish was included, along with a toll-
free telephone number for tribal members to call for
additional information. Ojibwe words for “walleye”
and “fish” were used throughout the maps to recog-
nize and respect the language and cultural aspects of
Ogaa harvest and consumption.

3.1. Selection of Advice Categories

Focus group participants recommended that
consumption advice should not be overly compli-
cated and most felt that meal frequency advice would
be more useful than the length-based advice used in
previous versions of the maps. Therefore, advice was
offered as meal frequencies only, while the number
of advice categories remained at five, similar to pre-
vious versions of the maps.

Advice categories were established based on fish
meal size and consumption rates of Anishinaabe
tribal members. The average fish meal size of tribal
members participating in the GLIFWC consumption

study was 228 g. The maximum annual consumption
rate of fish among tribal members who participated
in the study was 6–7 meals/month (45.6–53.2 g/day;
Table III) although a small percentage of participants
consumed fish at higher rates (>8 meals/month) dur-
ing the spring harvest (April and May; Table III). We
established the highest consumption rate category on
the advisory maps of no more than 8 meals/month
(Fig. 2) to ensure the opportunity for Ogaa con-
sumption at the highest annual levels that typically
occurred among survey participants. However, fish
from relatively few lakes fit into this advice category
(fish from approximately 14% of lakes for the gen-
eral population and none for the sensitive popula-
tion Table IV). Fish from many more lakes in the
ceded territories fit into advice categories that limit
Ogaa consumption from 1 to 4 meals/month, which is
consistent with the upper 95th percentile consump-
tion rate for the sensitive (2.1 meals/month) and gen-
eral populations (4.3 meals/month). Fish from 83%
of lakes fall into categories that capture this range for
the sensitive population (17% of lakes were classified
as do-not-eat), and fish from 100% of lakes fall into
this range for the general population (Table IV).

Following focus group recommendations, con-
sumption advice was developed based on methyl
mercury concentrations in a single length Ogaa.
GLIFWC conducted a regression analysis of 618
Ogaa fillets from its mercury sampling program and
determined that the size of a whole fish that yields
227 g of edible, skin-off tissue was 47 cm (approxi-
mately 18.5 inches, r2 = 0.919, p < 0.001). A refer-
ence length of 50.8 cm (20 inches) was selected to
develop consumption advice as it is relatively close
to the fish size that yields 227 g of edible tissue, as
it is similar to the average fish meal size determined
from the fish consumption survey, and as it is fa-
miliar to tribal members in Wisconsin since spear-
ing regulations allow only two Ogaa over 50.8 cm
to be harvested per permit. Also, 94% of Ogaa har-
vested in Wisconsin between 1985 and 2005 were less
than this length. Consumption advice was then de-
veloped based on the lake-specific upper 75% con-
fidence bound (for the general population) and the
lake-specific upper 75% prediction bound (for the
sensitive population) of methyl mercury concentra-
tions in tissue of a 50.8 cm Ogaa.(16)

3.2. Intervention Efficacy

Awareness of GLIFWC advisory maps among
tribal harvesters in Wisconsin was relatively high
prior to the intervention program because maps have
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Fig. 2. (a) GLIFWC advisory map front for the Lac Courte Oreilles tribe. (b) GLIFWC advisory map back for the Lac Courte Oreilles
tribe.
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Fig. 2. (Continued)



738 DeWeese et al.

Fig. 3. Mean monthly consumption rates (g/day) of tribally har-
vested fish by participants in the GLIFWC fish consumption study
(N = 193). Circles represent the mean daily consumption rate dur-
ing each month for all participants in study years 2–5. Error bars
represent standard error.

been developed and disseminated since 1996, but still
increased significantly as a result of the interven-
tion (Fig. 4). Awareness also increased significantly
among harvesters in Michigan and Minnesota who
had little or no exposure to advisory maps previously,
and among tribal women in Wisconsin (Fig. 4).

Concern about mercury increased significantly
among all harvesters, but not among women of
childbearing age, following the intervention (Fig. 5).
Nearly 50% of women involved in the intervention
and efficacy survey did not consume Ogaa; thus, they
may have less reason for concern with exposure to
and the effects of mercury than those, such as har-
vesters and their families, who consume mercury-
contaminated Ogaa.

Prior to the spring spearing season, each tribe
declares the lakes from which its members may har-
vest Ogaa and, in one instance, a tribe does not allow

Table III. Spring (s)-(April and May) and Annual (a) Ogaa Consumption Rates Among Anishinaabe Fish Consuming Families

Mean STD Minimum Maximum 95th Percentile

Meals/ Meals/ Meals/ Meals/ Meals/
Population N g/day Month g/day Month g/day Month g/day Month g/day Month

Sensitive (a) 130 6.0 0.8 0.6 0.1 0.2 0.0 50.7 6.8 15.7 2.1
General (a) 63 11.4 1.5 1.3 0.2 0.9 0.1 48.9 6.5 32.6 4.4
Sensitive (s) 166 11.6 1.6 1.2 0.2 0.0 0.0 130.0 17.5 31.1 4.2
General (s) 75 21.2 2.8 2.0 0.3 0.0 0.0 62.3 8.4 55.8 7.5

Note: Meals/month based on an average meal size of 227 g. Sensitive population: women of childbearing age and children under age
15 years. General population: all others.

harvest from a lake colored red because of con-
cern with mercury contamination. We informed har-
vesters, as part of the intervention, that color could
be used to select lakes that contained Ogaa with
lower mercury concentrations (lakes coded blue and
green); however, the percentage of harvesters that
used advisory maps to select lakes for harvest was
under 12% and did not increase significantly after the
intervention in any state.

We informed tribal members, via the maps
and throughout the intervention, that mercury ex-
posure could be reduced by harvesting and con-
suming smaller Ogaa. Preference for smaller Ogaa
among harvesters increased significantly in Wiscon-
sin, Michigan, and Minnesota (Fig. 6a), a behav-
ioral change tied at least in part to the intervention
program (Fig. 6b). However, preference for smaller
Ogaa did not change after the intervention among
women of childbearing age.

The advisory maps encourage labeling stored
fish with lake origin and fish size so that individuals
can choose fish for consumption throughout the year
based on size (smaller fish with less mercury) and ori-
gin. Over 70% of Wisconsin harvesters and over 60%
of harvesters from Minnesota and Michigan label
their freezer bags with some information. The per-
centage of Wisconsin harvesters who labeled freezer
bags with lake name (Fig. 7a) and Ogaa size (Fig. 7b)
increased significantly after the second intervention
although the percent of individuals labeling bags
with Ogaa size was small. Once again, changes were
not significant among women of childbearing age,
nor were there significant changes among harvesters
from Michigan and Minnesota tribes.

4. DISCUSSION

The efficacy of fish consumption advisories
in changing knowledge of contaminant issues and
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Table IV. Percent of Lakes with Ogaa Meal Frequency Categories for the Sensitive (Women of Childbearing Age and Children Under the
Age of 15 Years) and General (All Others) Populations in Wisconsin, and the Percentage of Individuals Who Participated in the GLIFWC

Fish Consumption Study Consuming Tribally Harvested Fish at Annual Rates Greater than Each Advice Category

Percent of Lakes in Each Percent of Individuals
Advice Category (Wisconsin) Consuming > Category (Annual)

Advice Sensitive General Sensitive General
Advice Category Color Code Population Population Population Population

Eight meals/month Blue 0.0% 13.9% 0.0% 0.0%
Four meals/month Green 1.2% 57.0% 1.5% 7.9%
Two meals/month Yellow 23.4% 28.3% 5.4% 30.2%
One meal/month Orange 58.6% 0.8% 24.6% 54.0%

Do not eat Red 16.8% 0.0% 100.0% 100.0%

consumption behavior is rarely assessed and, in the
few instances where assessment has occurred, results
have not been encouraging. For example, despite ex-
tensive education efforts in the Great Lakes region,
slightly fewer than half of fish consumers were aware
of consumption advice and few individuals who were
aware of consumption advice changed their behavior
as a result.(22) Similarly, only half of anglers surveyed
along the Savannah River had heard information
about consumption advisories issued by South Car-
olina and Georgia.(23) Awareness of GLIFWC’s con-
sumption advisory was on par with these and other
studies (30–60% of harvesters and 40% of women
of childbearing age were aware of advisories); how-
ever, following an aggressive intervention program,
awareness of and concern with mercury contamina-

Fig. 4. Percent of individuals aware of consumption advisory maps
prior to and after map-based interventions. Error bars represent
the 95% upper confidence limit.

tion increased significantly (over 75% of Wisconsin
harvesters and women were aware of advisories af-
ter the intervention). Many also changed harvesting
and consumption behaviors to reduce exposure to
mercury.

Nearly 100% of Wisconsin tribal harvesters and
over 90% of tribal harvesters in Minnesota and
Michigan surveyed found GLIFWC’s advisory maps
to be very or somewhat helpful, although there was
no significant increase in the number of harvesters
who used maps to make choices about which lakes
to harvest. Harvesters select lakes based on a vari-
ety of considerations, such as the availability of lakes
for harvest each night, the availability of harvesting
permits for a lake, and which lakes they harvested
previously. Also, nearly all individuals from two Min-
nesota tribes harvest from only one lake. As a result,
lake color code may not be an appropriate tool to
influence lake choice and future intervention efforts
may be better focused on encouraging other behav-
iors that reduce mercury exposure.

Preference for smaller Ogaa increased among
tribal harvesters, and some Wisconsin harvesters
took the additional step of labeling freezer bags with
lake name and Ogaa size, although this behavior is
still relatively infrequent. While labeling behavior
among Wisconsin tribal harvesters is encouraging,
substantial reinforcement or repetition may be re-
quired before the benefit of labeling with lake name
and fish size is more widely understood and accepted.
However, the value and incentive for labeling with
lake name for Minnesota tribal harvesters may be
low as nearly all Ogaa harvest is from one lake; there-
fore, future intervention efforts for Minnesota har-
vesters may be best directed at encouraging labeling
freezer bags with Ogaa size.

Overall, Wisconsin tribal harvesters responded
better to the interventions than tribal harvesters from
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Fig. 5. Percent of individuals receiving
the intervention who indicated concern
with mercury contamination of Ogaa.

Fig. 6. (a) Percent of individuals
indicating a preference for smaller Ogaa.
(b) Percent of individuals indicating
preference for smaller Ogaa because of
consumption advice. Error bars represent
the 95% upper confidence limit.

Michigan and Minnesota. This may be due, in part,
to the longevity of the advisory program, which has
been directed toward Wisconsin harvesters since its
inception. It is possible that a sustained effort di-
rected toward Michigan and Minnesota harvesters
will effect similar behavioral changes.

The intervention effort toward women of child-
bearing age resulted in an increase of awareness and
concern but not in behavioral changes. This out-
come may be a result of the relatively small sam-
ple sizes of women participating in the surveys, or
it may be influenced by the number of women who
participated in the survey but did not consume Ogaa.
However, Tilden(22) found that awareness of con-

sumption advice was significantly lower in females
(39%) as well as in races “other than white” (22%)
than among males. Further, more than two-thirds
of sport-fish-consuming women of childbearing age
contacted during a 12 state phone survey were un-
aware of their state’s fish advisory.(24) When Gliori
et al.(25) targeted efforts to reach pregnant women
by mailing advisory materials to Women Infants
and Children (WIC) offices, health departments,
and clinics in Wisconsin, they found that materi-
als were often discarded without ever reaching the
women and only 13% of women surveyed reported
seeing the materials. Thus, different approaches to
advice communication may be necessary to affect
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Fig. 7. (a) Percent of individuals
indicating they mark freezer bags with
the name of the lake. (b) Percent of
individuals indicating they mark freezer
bags with Ogaa size. Error bars represent
the 95% upper confidence limit.

Fig. 8. Ogaa harvest from off-reservation lakes in the 1837 and
1842 ceded territories. Wisconsin data from 1985 to 2007. Michigan
data from 1991 to 2007. Minnesota data from 1997 to 2007.

consumption behavior in women of childbearing
age.

Ogaa harvest in Wisconsin, Michigan, and
Minnesota increased during and after the map-based
intervention program (Fig. 8) in contrast to other
studies that document a decline in consumption with
increased advisory awareness.(26) Further, over 95%
of tribal fish harvesters and 80% of women reported
sharing harvested fish with family, friends, and for
community feasts and events. This behavior is part
of the traditional Anishinaabe lifeway and, as such,
serves to spread harvested fish within the community.

We are, therefore, encouraged that increased aware-
ness of, and concern with, mercury in Ogaa and asso-
ciated behavioral changes stemming from the inter-
vention have not adversely affected tribal lifeways.
Community participation in the development of con-
sumption advisories can improve acceptance by con-
sidering and incorporating attitudes and behavior
in an advisory process.(27,28) Tribal participation in
development of GLIFWC’s consumption advisory
maps coupled with presentations to explain and dis-
cuss the maps at fish harvester and other meetings
appears to have enhanced efforts to protect Anishi-
naabe lifeways and, concurrently, reduce mercury ex-
posure that occurs via consumption of contaminated
Ogaa.
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