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RESEARCH PLAN (max 12 pages, including references, tables and figures)

A. Project Title

Herring Synthesis: Documenting and Modeling Herring Spawning Areas within Socio-Ecological
Systems over Timein the Southeastern Gulf of Alaska (Herring Synthesis)

B. Proposal Summary

Pacific herring (Clupea pallasii) is a foundation and bellwether species for North Pacific marine
ecosystems. Herring roe fisheries are among the most lucrative, competitive, and controversia in the
region, often pitting commercial and subsistence users against one another. One reason for this is that
productive spawning areas (and times) are limited and historical population dynamics and ecology of
herring are not well understood. Yet many communities with local and traditional knowledge (LTK) of
herring fisheries claim that historical stocks were larger and spawning areas more numerous, but that they
have dwindled due to factors such as over-harvesting, predation, disease, development, and climate
change. While shiftsin stocks and spawning areas have been reasonably well documented since 1980, no
synthesis of the deeper archaeological, historical, and ethno-ecological records on herring spawning areas
and their relation to local ecosystems has been carried out. Our goal is to synthesize this information for
the region encompassing Southeast Alaska from Dixon Entrance to Yakutat Bay, where herring and
herring roe traditionaly have been harvested in quantity. Using existing published and unpublished
archaeological, ethnological, historical and biological records as well as community focus groups in each
historical herring stock region, we propose to compile a historical and spatial database using geographic
information systems (GIS) to :1) identify the extent of historic and prehistoric herring spawning and
massing areas; 2) link changes in herring spawn extent and intensity to environmental and human factors
in the socio-ecological system; and 3) identify sensitive areas for protection and potential restoration of
herring spawning.

C. Project Responsiveness to NPRB Research Priorities or Identified Project Needs

This project responds to the priority that Local and Traditional Knowledge (LTK) be meaningfully
incorporated into fisheries research and management and also serves to significantly advance NPRB goals
to 1) improve understanding of North Pacific marine ecosystem dynamics through a multi-scale
spatiotemporal study of herring, a critical and fluctuating forage fish within the food web; 2) improve
ability to manage and protect healthy, sustainable herring fisheries and provide sustained benefits to
communities and the nation through understanding of the prehistoric, historic and local traditional
knowledge records; 3) improve the ability of agencies to forecast long-term trends in herring stocks; 4)
foster cooperation between local and scientific communities by synthesizing data sources currently not
well incorporated into modern herring fisheries modeling and management; and 5) support high quality
projects that promise long-term results—in this case a deeper spatiotemporal understanding of regional
herring stocks and their relationships to human populations and other species and to key environmental
variables over centuries and millennia rather than just decades—that will be useful for both short-term
and long-term resource management. Related research priorities are 2.b.ii, Recovery and resilience of fish
habitat; 2.c.i. Loca impacts of fishing on prey availability for top trophic level consumers (relations
between herring stocks and salmon, marine mammals, etc.); d.v. Fur Seals (changes in fur seal migration
patterns due to herring availability); and 6. Community Involvement.

Herring are important not only as a subsistence and commercial resource, but also as a forage fish, a
prey base for a large variety of other marine organisms. For millennia, herring have been harvested for
food by aboriginal peoples throughout the North Pacific coast (Stewart 1977). Through their massing,
particularly in nearshore spawning areas, herring have contributed to “resource blooms’ which humans
and other top trophic consumers have exploited. Currently, however, we do not know the historical extent
of herring-based food webs in the North Pacific or the key human and environmental variables that have
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contributed to herring population and spawning dynamics over long periods of time. Evidence from a
variety of sources in Southeast Alaska suggest the abundance of herring stocks and extent of herring
spawning areas were significantly reduced prior to the advent of systematic biological surveying in the
1980s. However, no major studies to date have been designed to assess the abundance, distribution, and
importance of herring in local and regional food webs over multiple time scales. Our project responds to
this gap in our understanding of the North Pacific marine ecosystem by combining Local and Traditional
Knowledge studies and fine-grained archeological analyses of human-herring interactions in an origina
and targeted way.

Our project is driven by previous traditional knowledge and archaeological studies (e.g., Thornton
2005; Butler and Campbell 2004; Thornton and Midgett 1996: STA n.d.) carried out by the investigators
and tribes and locally-driven hypotheses which suggest herring spawning areas have shifted and shrunk
over the past 100 years due to specific human and environmental factors. The historical ecology of
herring spawning is referenced in oral traditions, geographic names and associations, and generations of
direct experience with herring stocks and associated fisheries. Alaska Native communities have long
recognized the critical role that herring play in the food web and have relied on the species for
nourishment, including spawn harvested as “first fruits’ of the spring. They also have prescriptions for
interacting with herring, including the maintenance of spawning grounds (Emmons 1990, Thornton
1997). In addition to subsistence use of spawn, herring have also have been taken for their oil and flesh,
aswell asfor their commercia value as food and bait (cf. Schroeder and Kookesh 1990, Victor n.d., Moss
1989). Sac roe fisheries for export to Japanese markets are currently a major commercial activity in
several regions in Southeast Alaska and elsewherein the Gulf of Alaska and Bering Sea.

The potentia for using LTK to improve scientific understanding and management of fisheries is well
documented (cf. Johannes 1981, 1993) and has yielded useful results in assessing the contemporary
ecology of cod spawning areas in the Atlantic (Ames 2006) and herring ecology in parts of Prince
William Sound (PWS) and outer Kenai Peninsula (Brown, et al. 2002). This study will build on these
successful models and complement work in PWS by incorporating the southeastern Gulf of Alaska, and
by synthesizing the rich ethnological, biological, and historical records of the North Pacific in relation to
the LTK in an accessible and scal eabl e time-space database.

Beyond LTK and biological, ethnological, and historical data, animal bones and teeth from
archaeological sites provide an unparalleled record of animal distribution and abundance over varying
temporal and spatia scales. When coupled with paleoenvironmental indicators (e.g., tree-rings, pollen,
isotope data, and so on), it is possible to examine species responses to past environmental change in
detail. This field of study, zooarchaeology, also provides a record of long-term human-animal
relationships and indicates both the extent to which human use of animals was sustainable (or not), as
well as the degree to which animal distributions were determined by human behavior in the past. In short,
zooarchaeological records can contribute to a range of issues within conservation biology, including
understanding the long-term relationship between climate change and animal distributions and
abundances; identifying animal ranges prior to industrialization or habitat fragmentation; and
understanding the nature of human-environmental factors that contribute to long-term species survival or
loss (Lyman and Cannon 2004).

Long-term zooarchaeological records for herring and other animals have not been synthesized from
archaeologica records in Southeast Alaska or other regions of the Gulf of Alaska. Records from other
Pacific Northwest archaeologica sites suggest that herring use came relatively late in some locations
(after 2500 years ago in the Puget Sound/Gulf of Georgia: Butler and Campbell 2004) but was relatively
important by 7000 years ago in others (central coast of British Columbia: Cannon 1991). Besides directly
targeting herring as a resource, Monks (1987) suggested that Native peoples took advantage of and
intentionally exploited the “resource bloom” that results from the massive spawning congregations of
herring. Such blooms alowed foragers to actively pursue the numerous predators of herring such as
dogfish, salmon, birds and marine mammals.

The project is uniquely interdisciplinary in combining LTK, archaeological, biological, ethnological,
and historical data into a format that will be useful to resource managers, researchers, and community
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members, and will be easily expandable and interpretablein light of future results.

D. Soundness of Project Design and Conceptual Approach

Although a foundation species, the eco-dynamics of herring over time are poorly understood. Our
project will synthesize socio-ecological systems data (Redman, et al. 2004) concerning herring for the
first time by combining LTK, historical records, archaeological, biological, and environmental data. The
key problem it addresses is the lack of historical depth and detailed local traditional knowledge of herring
fisheries which can improve our understanding and management of this critical, dynamic and sensitive
resource not only for subsistence and commercial fisheries, but for the health of the North Pacific marine
ecosystem. Long term herring reproductive patterns and the factors that affect them have not been
analyzed to date. Yet local fishers' knowledge and historical records suggests that major changes in the
distribution and abundance of herring have taken place over the past 200 years. Our multidisciplinary,
multicultural, and multi-scale synthesis will yield significant new information on herring ecology,
historica spawning patterns and use, and factors affecting the hedth of herring stocks and their
interactions with other species, including humans, over large time scales. The project is designed to both
assess existing hypotheses (including LTK-driven hypotheses) and generate new ones. Among the key
existing hypotheses to be addressed are: 1) Present herring stocks, even in highly productive areas such
as Stka Sound, are essentially being managed in a “ depleted status,” representing a fraction of their
historical abundance and distribution; 2) The most significant long-term impacts to Southeast herring
stocks distribution and abundance have been anthropogenic, in particular over-exploitation of the species
by commercial herring fisheriesin the last century, but also disturbance, contamination, and degradation
of critical spawning habitats; 3) Human dependence on herring as a food resource evolved through
interactions with key spawning areas with abundant substrates for egg deposition (such as Macrocystis
[Giant] kelp, rockweed, and eelgrass), with which many aboriginal settlements are associated, and was
later enhanced through the devel opment of engineered marinescapes (e.g., placement of hemlock boughs
in intertidal areas), techniques for conserving herring stocks by regulating human harvests and
disturbances to critical spawning habitat, and by the development of new technologies (such as the
herring rake) for capturing whole herring in quantity. The results of this project will allow us to test and
refine these hypotheses in the context of more robust sets of socio-ecological data and a powerful
analytical framework for evaluating the long-term dynamics of the coupled natural and human systems
that are linked to herring. Thus, it will advance the state of knowledge of herring but also assist with
analysis and modeling of long-term patterns, key impacts, and change events in herring ecology from
prehistory to the present, and beyond. We expect that the project results will help to identify sensitive
herring fisheries and habitat, mitigate deleterious impacts on herring spawning, and potentially aid in the
restoration of depressed herring fisheries.

Documenting Past Herring Abundance, Distribution, and Local Ecology from LTK. Data collected
from multiple generations of local fishers “can be used to create a series of historical windows into a
fishery’slocal ecology that can be used to identify long-term processesin the fisheries” (Ames 2006:352).
This component of the project has three parts. The first is a thorough literature review of published and
unpublished sources documenting historical and contemporary herring spawning areas and associated
ecological observations. Information collected from different generations of LTK bearers aready exist in
various sources, especialy the Technica Papers and reports published by the Alaska Department of Fish
and Game (e.g., Schroeder and Kookesh 1990, Victor n.d.), EVOS Restoration studies (e.g., Brown, et al
2002) and ethnographic reports (e.g., Thornton 1997), but have not been synthesized and organized in a
historica and spatial database. For example, here is an observation from a Tlingit elder in Sitka,
originally recorded by Thornton in 1992 and later compiled into an ADF&G and NOAA database (cf.
Haynes and Wolfe 1993:369; Sepez, et al. 2003), which illustrates the richness of LTK and would be
ideal to map into the GIS spatial-historical data framework we are proposing: “There are not as many sed
lions now as there used to be [in greater Sitka Sound] because the herring stock is being depleted... There
used to be alot of herring across from Sitka and at Camp Coogan Bay—all the way down to Crawfish
Inlet. But they’ve been fishing it pretty heavy (for sac roe) and the herring have disappeared. Also the
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spawn Natives harvest for subsistence used to last as much as two weeks; now the herring spawn in
patches in these bays and in one tide the spawn is gone...[Today] fishers have to move from place to
place trying to get enough spawn. Years ago we didn’'t do that...And the sea lions are missing in those
areas; they use to be so plentiful that they chased al the herring up into the shallow waters along with
other birds, like ravens and crows. You don’'t see those big spawns anymore.” The LTK contains
information on historical extent of spawn and spawn harvest, relationships with top trophic consumers
(sea lions), and analysis of ecologica events (e.g., local declines of herring and sea lion or fur sed).
Similarly, another unpublished set of observations collected in a Traditional Cultural Property evaluation
of Auke Cape (Thornton 1997) documents centuries of herring roe harvest and observations of spawning
extent, intensity, and ecology in a historically important but now virtually extinct herring spawning area
a Auke Bay, Auke Cape, and Indian Cove in Juneau. These data includes direct observations of the
fishery dating to nineteenth century and oral traditions extending back to at |east the 1600s. Other existing
sources include an LTK indigenous geographic names GIS database (SENSC 2001) which features
numerous references to herring sites. Aggregating this LTK into aregional spatiotemporal framework will
allow for broader understanding of the human and ecological patterns and processes that have devel oped
in the southeastern Gulf of Alaska socio-ecological system over time.

Documenting Herring through Historical Records. LTK is even more powerful when combined with
archaeological, historical and biological records of local herring stocks and ecology. In addition to
synthesizing the archeological data (see methods described below)., we will contract with retired fisheries
biologist Fritz Funk to compile historical catch records, stock assessments, and biological census data on
herring prior to 1980. He will compose a brief history and time line of the herring fishery in Southeast
Alaska, to serve as backdrop for the maps of historical catch and spawning locations, and containing
references to al known sources of herring catch and other historical information pertaining to herring
stocks, such as the operations of industrial reduction plants which operated in Alaska in the late 19" and
early 20" centuries, as well as the historical surveys of herring going back to the early 20" century (e.g.,
Rounsefell 1930, Skud 1959, Skud, et al 1960). Using this and other data we will generate maps of
historical herring catch and processing locations as GIS layers, and overlay them onto the LTK and
contemporary data on herring stocks. Synthesizing and mapping these historical observations of herring
will allow us to correlate them with other data gathered from the archaeological, paleoecological,
climatic, and other environmental records relevant to forecasting and retrospective modeling (cf.
Williams, et a 2000).

Existing environmental and cultural data already geo-referenced and housed in federal and state GIS
libraries will be integrated and overlaid onto data gathered for this project. The compilation and
standardization of these data will be a major task, employing one anthropology graduate student with GIS
knowledge in consultation with the principal and co-principa investigators for Year One. When
combined, these layers will serve as a powerful tool for anayzing key factors associated with changesin
herring ecology and spawning patterns and for generating additional hypotheses and queries for the
focus groups and key respondents.

The second phase of this component of the project will be to carry the preliminary maps to
communities for verification, supplementation, and analysis through focus group-style interviews or
round tables, in which researchers present preliminary mapped results and timelines of event data, assess
working hypotheses, and solicit feedback and supplemental LTK to address gaps information gaps. This
method has been used with success in past work in Alaskan communities and avoids duplicating existing
information through costly individual interviewing, while at the same time providing space for analysis of
key “event ecologies’ (Vayda and Walters 1999) revealed in the data (e.g., specific declines in herring
abundance and distribution). In addition this process will identify potential data gaps and clarify
important research needs. If circumstances warrant and budget permits, follow-up interviews would be
conducted with key respondents identified in the focus groups. Key research questions will include: 1)
What historical spawning and massing areas are missing from the preliminary maps? 2) What
observations do you have concerning herring population trends in these areas (productivity, impacts)? 3)
What factors have influenced herring populations and fishing patterns in particular locations and times
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(natural variability, impacts, adaptation)? 4) Other than during spawning, when and where do herring
aggregate and when and where were/are herring fished for bait versus oil and other uses (ecology,
adaptation)? 4) How have changes in herring abundance (particularly declines) affected the distribution,
migration patterns, and behavior of other local species (trophic structure, “resource bloom,” etc.)? More
specific questions and hypotheses will be developed in order to analyze significant events in herring
ecology as manifest in the preliminary data, such as historical declines or extinctions of specific stocks,
changes in fishing and fish processing patterns, shifts in spawning extent and intensity, and impacts to
critical spawning habitat.

In conducting LTK interviews we will follow established “Ethical Principles for the Conduct of
Research in the North,” which include informed consent and respect for privacy and confidentiality.
Focus groups will consist of members of the Natural Resource Community (Dyer, Gill, and Piccou 1992),
or those individuas who have significant historical relationships to both the resource and the community
and thus are intimately familiar with the ecology of local herring stocks and seasonal and annual changes
in fishing strategies. Through cooperative agreements we will arrange to carry out focus group meetings
in collaboration with loca tribal or community governments (see attached letters of support). These
entities will help coordinate meetings, develop interview protocols, and, to the extent capacity exists,
assist in carrying out focus group and key respondent interviewing, recording, and related tasks. In
addition, they will have the opportunity to review and comment on the results before publication. Where
possible, the focus groups would be timed to occur in coordination with spring herring spawning so as to
allow participant observation of the fishery. This engagement will provide an important context for
probing and documenting traditional and local knowledge in situ and in vivo.

Inferring Past Herring Distribution and Abundance from Zooarchaeology. This component of the
project will create a data base summarizing our current knowledge of zooarchaeological and historical
settlement records from Southeast Alaska. Taxonomic information for herring and other vertebrate and
invertebrate fauna will be compiled from existing reports. All of the faunal data will be included given
use of relative estimates of abundance. Direct measurement of absolute prehistoric animal population
levels using zooarchaeology is difficult (e.g., Grayson 1984; Lyman 1994); our approach will examine
trends by comparing herring abundance relative to other taxa (e.g., other fish, marine mammals, etc.),
following methods outlined in Butler and Campbell (2004). Reviewing the entire faunal record will also
allow us to consider ways Native people relied on broader food webs and how this may have varied over
time and space. The data base will list the published and unpublished site reports, excavation methods,
including screen size, volume excavated, condition and location of curated samples, age estimate from
radiocarbon or other methods, and site location that will be linked with GIS. We estimate that
zooarchaeological records from 20-25 archaeological sites will be available for this synthesis.
Importantly, excavation methods, particularly screen size used to recover bones and teeth, affect measures
of taxonomic abundance (e.g., Castedl 1976; Wheeler and Jones 1989). Given their small size, herring
remains are especially prone to loss and are biased against unless fine mesh sieving and laboratory
analysis of bulk samples are undertaken (Moss 1989). After the records are compiled, we will consider
variation in analytic decisions and sampling approaches across the site records to insure comparability.

Data gathered from focus groups, participant observation, historical fisheries and biological records
and zooarchaeological records will then be incorporated into the GIS database and the new results
mapped and analyzed. Final maps will be produced showing historical changes in herring fisheries and
spawning extent in relation to other environmental and human variables over time (see Figure 1). Key
ecological events will be marked on a historical timeline and analyzed using an event ecology framework
in which key variables contributing to the event are assessed as means of building along term model for
understanding herring stock and spawning dynamics and managing herring fisheries.

E. Timeline and Milestones

The timeline for this project is two years. Outreach through an informational webpage and
educational links with communities would be carried out in Year One to solicit input from local residents
and community organizations on the project, especially the role of LTK. We aso will explore the
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possibility of connecting this project via the website to high school students in two communities well
endowed with herring fisheries: Sitka and Craig. The remainder of the year would be dedicated to the
literature review and the synthesizing of the previously collected information from LTK anthropological,
historical, biological, and other relevant data sources, published and unpublished, and the development of
a spatiotemporal database and multi-scale mapping framework within which to analyze these datain light
of our hypotheses. The preliminary maps and database will be completed by Spring 2008 in time for the
herring spawning season. Focus groups will be organized in conjunction with the selected spring
fisheries, if possible. The second year will be devoted to work with the focus groups, integrating the
results of these meetings and participant observation in selected fisheries, and preparation of publications
and the final products for education and outreach.
Tasks and milestones will be organized as follows.

Months | Tasks Milestones

1-8 Literature review and data Draft GIS maps; multi-scale spatial and
compilation in spatiotemporal historica database of the socio-ecological
database; outreach via community system

consultations and webpage
highlighting research design and

objectives.
9-10 Data analysis and representation of Develop Interview schedules based on data
interim results; outreach via analysis and community outreach.
community consultations and
communications of preliminary Compile zooarchaeoal ogical datainto tables,
results. text, and database.
Compile historical datainto tables, text, and
database.
10-11 Focus groups, key respondent Recordings and written summaries of focus
interviews, and participant group meetings and fieldwork in communities.

observation to assess preliminary
results and fill data gaps.

12-20 Data analysis and integration of focus | Final maps and database compiled; draft report

group and fieldwork results on results circulated to communities.

21-24 Revisions and submission of final Final report, scientific poster, and journa
products; dissemination of results articles (submitted); updated webpage
through outreach and education. summarizing results for community education

and outreach.

The final results will be disseminated in a summary report to the NPRB, communities, and management
agencies; scientific posters and papers presented at professional meetings; a GIS “project” with a web
interface, and multiple scientific journal articles appropriate professiona journals in anthropology,
fisheries science, and human ecology, such as Current Anthropology, Journal of Archaeological Science,
Fisheries Oceanography, and Human Ecol ogy.

. Outreach and education will be conducted via a mass-produced poster designed for the public
summarizing the project’ s objectives and results in an accessible and attractive format that emphasizes the
importance of herring--past, present and future--to humans and the marine ecosystem. These materias
will be disseminated in quantity to locd tribes and community schools as aids to promote place-based
educational curricula and the utility of integrating LTK and scientific perspectives in understanding the
historical ecology of local resources. Results from the project and relevant supplemental materials will
also be presented on awebsite that will be maintained through Portland State University.
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F. Project Management

Dr. Thomas Thornton (Portland State University), a cultural anthropologist with more than 15
years research experience in Southeast Alaska, will serve as principal investigator and provide overal
direction for the project, including outreach, literature review, data synthesis and analysis, focus groups
interviews and participant observation. Dr Virginia Butler (PSU) and Dr. Madonna Moss (University of
Oregon), archaeologists with a combined 40 years of experience in working with fauna remains in the
North Pacific will serve as co-investigators and coordinate the aggregation and analysis of archaeological
and palecenvironmental data. Two graduate students (PSU) will assist in carrying out the data compilation of
the data, analysis, and development of the GIS spatiotemporal database in Year One, and one will assist in
carrying out the focus groups and final analysis and production of deliverablesin Y ear Two.

Mr. Fritz Funk, aretired Alaska Department of Fish and Game biologist with more than 20 years
of experience in managing fish stocks, will collaborate with the team in compiling and anayzing the
biological and historical data on herring populations and commercial harvesting. Although the Pl and
collaborators have experience with GIS mapping and spatial analysis, a local consultant may also be
retained to assist with linking the various datainto a GI S data frame.

Through cooperative agreements, Sitka Tribe of Alaska (see attached letter of support) and,
pending approval, the Organized Village of Kake, Hoonah Indian Association, Angoon Community
Association, Craig Indian and-Klawock and Hydaburg Cooperative associations, Ketchikan Indian
Corporation and Organized Village of Saxman, Metlakatla Indian Community, Tlingit and Haida Indians
of Juneau and Douglas Indian Association, and the Southeast Alaska Intertribal Fish and Wildlife
Commission will collaborate as community and regional partners in project design and outreach, LTK
data collection and interpretation, and dissemination of results.

G. Figuresand Tables

Figure 1 below shows contemporary assessments of major herring stocks in Southeast Alaska, and
Table 1 correlates these stocks with the human communities that have historically interacted with them.
We propose to conduct focus group meetings and selected interviews in Angoon, Craig-Klawock,
Hydaburg, Ketchikan-Saxman, Kake, Juneau-Douglas, Hoonah, and Sitka.
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Figure 1. Herring Stock Assessments from Dressdl, et al (2005).
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