Accepted Manuscript

Archaeological sites as Distributed Long-term Observing Networks of the Past
(DONOP)

George Hambrecht, Cecilia Anderung, Seth Brewington, Andrew Dugmore, Ragnar
Edvardsson, Francis Feeley, Kevin Gibbons, Ramona Harrison, Megan Hicks, Rowan
Jackson, Gudbjérg Asta Olafsdéttir, Marcy Rockman, Konrad Smiarowski, Richard
Streeter, Vicki Szabo, Thomas McGovern

PII: S1040-6182(17)31174-6
DOI: 10.1016/j.quaint.2018.04.016
Reference: JQI 7377

To appearin:  Quaternary International

Received Date: 16 August 2017
Revised Date: 15 March 2018
Accepted Date: 8 April 2018

Please cite this article as: Hambrecht, G., Anderung, C., Brewington, S., Dugmore, A., Edvardsson,
R., Feeley, F., Gibbons, K., Harrison, R., Hicks, M., Jackson, R., Olafsdéttir, Gudd.A., Rockman,
M., Smiarowski, K., Streeter, R., Szabo, V., McGovern, T., Archaeological sites as Distributed Long-
term Observing Networks of the Past (DONOP), Quaternary International (2018), doi: 10.1016/
j-quaint.2018.04.016.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.quaint.2018.04.016

Archaeological Sites as Distributed L ong-term Observing Networ ks of the Past (DONOP)
George HambrecHt Cecilia Anderung, Seth Brewingtofi, Andrew Dugmoré, Ragnar
Edvardssofi, Francis Feele§; Kevin Gibbong, Ramona Harrisoh Megan Hicks, Rowan
Jacksofi, Gudbjorg Asta Olafsdéttfi Marcy Rockmari, Konrad Smiarowski, Richard
Streetef', Vicki Szabd, Thomas McGoverfi

@Department of Anthropology, University of Marylar@pllege Park, MD 20742, USA

P Department of Ecology and Genetics, Uppsala Unityerg51 05 Uppsala, Sweden
“Department of Anthropology, Hunter College, Cityit#sity of New York, New York, NY
10065, USA

dInstitute of Geography and the Lived Environmemntijvérsity of Edinburgh, Edinburgh EH8
9XP, Scotland, UK

®Research Centre of the Westfjords, University efdnd, 400 isafjérdur, Iceland
"Department of Archaeology, History, Cultural Stuliand Religion, University of Bergen,
5020 Bergen, Norway

9US National Park Service, Washington, DC 20372, USA

"Department of Geography and Sustainable Developriemversity of St. Andrews, St.
Andrews KY16 9AL, Scotland, UK

' Department of History, Western Carolina Univers@yllowhee, NC 28723, USA

Corresponding author:

George Hambrecht

University of Maryland
Department of Anthropology
0111 Woods Hall

4302 Chapel Lane

College Park, Maryland 20742
USA

ghambrec@umd.edu

Keywords: DONOP; Archaeology; Zooarchaeology; aDM#storical Ecology; North Atlantic



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Abstract

Archaeological records provide a unique source iogfctl data on long-term human-
environment interactions and samples of ecosyst#ffiested by differing degrees of human
impact. Distributed long-term datasets from archagioal sites provide a significant
contribution to establish local, regional, and auertal-scale environmental baselines and can
be used to understand the implications of humarisid@cmaking and its impacts on the
environment and the resources it provides for humse. Deeper temporal environmental
baselines are essential for resource and envirotan@anagers to restore biodiversity and build
resilience in depleted ecosystems. Human actioeslikely to have impacts that reorganize
ecosystem structures by reducing diversity thropgitesses such as niche construction. This
makes data from archaeological sites key assethéomanagement of contemporary and future
climate change scenarios because they combine mat@mn about human behavior,
environmental baselines, and biological systentesSif this kind collectively form Distributed
Long-term Observing Networks of the Past (DONOP)powang human behavior and
environmental impacts to be assessed over spacénaedBehavioral perspectives are gained
from direct evidence of human actions in respolsenvironmental opportunities and change.
Baseline perspectives are gained from data on epeendforms, and ecology over timescales
that long predate our typically recent dataset$ tmy record systems already disturbed by
people. And biological perspectives can providesetal data for modern managers wanting to
understand and utilize past diversity (i.e., trapand/or genetic) as a way of revealing, and

potentially correcting, weaknesses in our contergowild and domestic animal populations.

1. Introduction
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Archaeological data is a vital but underutilizedaerce for environmental managers and
policy makers. Archaeological sites are currendjued for preserving cultural heritage, tourism,
and place-based education for sustainability, gty tcan also generate very large, well-
documented collections of animal and human bonellsshinsects, and carbonized and
waterlogged botanical materials that span thousahgears. Advances in stable isotope, ancient
DNA (aDNA), and macrofossil analyses have improvhd resolution of diverse organic
samples, improving key archives for understandorgyiterm biogeographical change (Hofman
et al., 2015), food web structure (Dunne et all&0marine and terrestrial resource fluctuations
(McKetchnie et al., 2014, Moss et al., 2016), dmel long-term impacts of climate and human
settlement on both individual species and wholesgstems (Erlandson et al., 2008). Improved
archaeological and palaeoecological datasets hayefisant relevance to contemporary
researchers and resource managers who face thendelofshifting baselines syndronia
which each successive generation of natural resouranagers falsely identify their
contemporary (and already heavily depleted) ecesystas a pristine natural baseline (e.g.,
Jackson et al., 2001; Bolster et al., 2012). Idieation of accurate environmental baselines has
an essential relevance to major challenges of @ue,tincluding food security through
overexploitation of marine and terrestrial ecosyste(Yletyinen et al.,2016), restoring
biodiversity in heavily degraded environments, #mel preservation of sustainable resource-use
practices (Klein et al., 2007; Barthel et al., 201Bhe relevance of long-term (century- to
millennial-scale) perspectives offered by archagists and the natural sciences are recognized
increasingly as key data sources for future susbdénresource use (Engelhard et al., 2015;
Laparidou et al,. 2015). The authors of this agtiate generally operating in a time scale that

encompasses the last millennium. Archaeology in rtfest general sense operates on two



83 temporal scales. The last ten thousand years, mgdhé period beginning with the Neolithic
84 and the appearance of plant and animal domesticatéind then the last two million years,
85 meaning the period beginning with the emergenceunfgenus and the appearance of material
86 culture. The authors belong to the first group.ebch case the matching of millennial and
87 century-scale to the lived experience of humarthetgenerational-scale is a central priority of
88 archaeology.

89 While many archaeologists have been aware of thenpal of the growing global
90 assemblage of well-dated, well-excavated sites wibmprehensive archives of ecological
91 material since the birth of our discipline, it da@ challenging to communicate this potential to
92 scientists from other disciplines engaged in glaifenge research or to a wider public whose
93 perceptions of archaeology are conditioned by imagieIndiana Jones and Laura Croft. A
94 challenge for archaeologists has been to shrugiwgf perception of archaeology as an
95 antiquarian pursuit focused on collecting high-ealartifacts, rather than a science-based
96 discipline that, among other pursuits, providesquai datasets for understanding long-term
97 human interactions with changing environments. Aghlighted in Kintigh and colleagues’
98 (2014, pp. 6)Grand Challenges for Archaeologlarchaeological data and interpretations have
99 entered political and public, as well as scholadgbates on such topics as human response to
100 climate change, the eradication of poverty, andetffiects of urbanization and globalization on
101 humanity.” Communicating the relevance of archagioll data to practitioners, such as
102 resource managers, using deep time perspectivesréte not only the value of establishing
103 environmental baselines and understanding ecosystamstures, but also supply narratives
104 spanning multiple centuries to millennia of humasaurce-use and adaptation (Nelson et al.,

105 2016; Spielmann et al., 2016).
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At a 2013 meeting in Paris between the interim Ffuti&arth management team
(http://www.futureearth.org) and representativeshef Integrated History and Future of People
on Earth (IHOPE) group (http://www.ihopenet.orgpe tIHOPE presenters (Carole Crumley,
Tom McGovern, Jago Cooper, Steven Hartman, Andynirg) coined the phrase ‘distributed
observing network of the past’ (DONOP) to commutddhe value of archaeological sites for
global change research (GCR), and adopt a verrraoubae familiar to the wider scientific
community and help argue the case for better immusf archaeologically-derived data sets into
the Future Earth agenda. The DONOP concept resongiid the description of existing
instrumental observation networks that monitor therent impacts of human activities on
environmental change (Hari et al., 2016; Proenga.ef016; Theobald, 2016; Marzeion et al.,
2017). For examples, the Intergovernmental PanelCbmate Change (IPCC) occupies an
authoritative position monitoring the impacts ofm@te change on biophysical systems and
human societies. The International Oceanographimr@gsion (IOC) of UNESCO operates a
Global Ocean Observation System (GOOS) to monitavay changes to ocean temperature, its
ecosystems, and human communities reliant on #@urees it provides. But long-term human
processes have been largely absent from many mmajoitoring efforts reports despite being in
a position to disseminate data relevant to GCRs Paiper explores the relevance of DONOP
with a specific focus on work carried out in thertoAtlantic region.

Archaeological sites are a core aspect of DONO®eap have the ability to both show
change through time as well as reveal local antbmad dynamics. Ideally, the best DONOP
sites would be those that have deep temporal randeare parts of networks of sites that can
cover spatial scales from the local through théorey. Given the variety of sites and projects in

the Archaeological community such data can be agiefrom the scale of the household (i.e.
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how a particular individual settlement interacteithvits local environment) to regional scales of
varying size. The examples offered by this art&flew some of the spatial and temporal range of
the application of DONOP.
2. Archaeological Sites as Distributed Long-terns@lsing Networks of the Past

Through the analysis of archaeological datasetshawe the potential to access long-
term records of human interactions with naturatesys at a wide variety of temporal and spatial
scales and thus both reconstruct past environmeaotalitions and reveal the human dimensions
of these processes. There is a rich record of refsdato the shifting relationship between
culture, climate, and landscape change using antbgieal data (Brown et al., 2012; Golding et
al., 2015a; McGovern et al., 2007; Simpson et20Q1la; Streeter et al., 2012; Thomson and
Simpson, 2006). This effort has intensified askag role of people within ecological systems
and the wide spectrum of natural and anthropogemiironmental change have been recognized
(Crumley, 2016). Alongside this, there have beejon@evelopments in the quantity and quality
of paleoclimate reconstructions at multiple tempaad spatial scales that make possible
effective connections to human systems. The ingrgassailability of sophisticated climate data
sets whose scales match those of human societesthen human experience has made a
profound difference to the ways in which we can aersthnd interactions of people and
environment (Hoggarth et al., 2016). The growingpgition in the scientific, global policy, and
political arenas of anthropogenic climate change te levels of extreme disruption that this
will bring to contemporary societies have serveddmal, and possibly most potent, influence
on current research agendas and raising new gasshat can only be answered with long-term

perspectives of our interactions with the naturatld/(Anderson et al., 2013).
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The development of refined, high-precision chrog@e has played a key role in the
translation of DONOP into a practical and very \uarile reality. With tight chronological
controls, such as those provided by AMS radiocarttamimg using a Bayesian framework, data
from multiple sites can be combined with greatenficience. Thus, the extensive spatial
distribution of archaeological sites, each withiallle temporal continuity, can be transformed
from a perceived weakness of DONOP to a real stiengighly detailed but temporally-
inconsistent records can be combined to chart tieéng and waning interactions of people and
environment. An example of this is provided by t#eastal middens that record long-term
human exploitation of marine ecosystems. This diistrates the reality of ‘shifting baselines’
and the chronic limitations of short observatiotiahescales in fisheries management, as
discussed in Bolster's (2014he Mortal Segsee also Jackson et al., 2001). There is a clear
need for the effective integration of tlmgue duréewith urgent issues of fisheries and marine
resource management (Moss et al., 1990; Holm, 19@8yie and Jonsdottir, 2000; Jackson et
al., 2001; Perdikaris and McGovern, 2009). A md-funded initiative, theOceans Past
program (http://www.tcd.ie/history/opp), has begoncorrect the effects of shifting baselines
that can result in fundamentally flawed decisiorkim@ with historical and archaeological data
sets (Pinnegar and Engelhard, 2008).

Archaeological DONOP are our best (and for manyoregand periods of time our only
realistic) source of information on the resilierdgast cultures to natural hazards. Past cultures
provide a vast range of human interactions witlied#nt climatic and ecological conditions
(Cooper and Sheets, 2012). Contrasting outcomestréite the consequences of different social
organizations, alternative adaptive strategies, aadtrasting approaches to resource use,

sustainability, and building resilience. Though feest cannot be used as a direct analogue to
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explain how present and future populations willldeigh external environmental threats, it does
offer us significant opportunities to better undensl processes of social interactions with
environmental change and to generate both datanewdtheory that can contribute to a wide
spectrum of managerial issues raised by contempardghropogenic climate change.

Distributed long-term observing networks have bgerd can be) used to emphasize the
anthropogenic dimensions of data sourced from aalbgical sites because the record is created
by people and extracted from the lived environm@rumley, 2015). By aggregatirig situ
evidence of human impacts on their local envirorimenthrough extirpation of local resources
and engineering of cultural landscapes (Smith, 20070 the regional and continental scale,
DONOP assimilate comparative interactions betweamdns and their environments with
chronological controls.

Firstly, the physical assemblages have been degoag a direct result of human actions.
They will have specific biases created by diverseyavin which the environment has been
sampled and contrasts that reflect the beliefsjemland knowledge of different social groups.
As such, DONOP provide comparative data reflectif@erent human behaviors. Secondly,
DONOP data is sourced from an environmental cortteadt has been directly impacted and in
many cases directly formed through human actionisetAér the sample is from a wild species
that is subject to human predation or from an estesy that is shaped by the interaction of
human actions, ecosystem dynamics, Earth surfamegses, and climate, this type of data holds
information about both naturahd human processes.

Humans selectively sample the surrounding ecolegyl they collect specimens
(consciously and unconsciously) from across troptébs, landscapes, and seascapes. Then,

given favorable post-depositional conditions, theaeples are preserved in one place — the
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archaeological site. Wherever (and whenever) humaadsour ancestors have lived, and when
conditions allow for survival and preservationjsitpossible to find these sites. Some DONOP
records are scattered and of limited duration [zt be linked together to create a coherent
regional picture of change through the rigorousliagfion of both relative and absolute dating.

If these sites accumulate long-term records theypcaduce very deep cultural layers and thus
large accumulations of material for analysis. Vaigh temporal resolutions can be achieved
within such contexts due to the wide range of datirethods that can be applied to both organic
(e.g., dendrochronology or radiocarbon dating withi Bayesian framework) and inorganic

artifacts (e.g., ceramic seriation). In turn, thdagasets contain the signatures of environmental,

climatic, and cultural dynamics (Figure 1). Additadly, archaeological survey and



207 environmental analysis of landscapes dotted withllsraphemeral sites can reveal patterns in

GISP2 Ice Core Tephrochronology Pollen Core Multi-proxy human data
Global DONOP
aggregated
human data
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Figure 1- Observation records of natural and human proesss the past. DONOP is the aggregation of shequences
within the archaeological and environmental rectoduild a multidimensional record of humanvironmental interactio
and modificationGreenland Ice Sheet Project 2 (GISP2) data prowdesal-to-regional scale proxy record of climate,
storm and sea ice conditions, but provides no tleeicience of influence on human processes in éise (Pugmore et al.,
2007). In regions with significant volcanic actiyisuch as Iceland, human impact on the environ@etivegetation
change can be measured using the tephra profdehsonological control (Streeter and Dugmore, 20A8the individual
settlement scale, excavation data (for examplé; digfacts, and architecture) can be aggregatédrin regional and even
continental-scale networks of subsistence, trade eavironmental modification.

208 the timing and nature of past landscape occupateresystem impacts and resource usage that
209 are important for understanding complex processesh sas colonization, adaptation and
210 abandonment (e.g., Altschul and Rankin 2008) amaging with othegrand challengeagendas
211 for research that have relevance for contemporabgaiés (Kintigh et al., 2014; Jackson et al., in
212 review). All of these optimal conditions are depemidon a wide set of variables that span from
213 the effectiveness of the excavation strategy anthodks, the local environmental conditions and
214 the potential for organic remains to survive irusiintil excavation, and the availability of
215 continuous and deep chronological control. Yet sas$emblages do exist and their number and

216 spatial and temporal resolution are increasing.
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There is a growing body of work focusing on archegical data as a proxy for the
complex relationships between cause, responseg@ndme in human ecodynamics (Hegmon et
al., 2008; Dugmore et al., 2013; Vésteinsson ePall4; Boivin et al., 201aFAlpoim Guedes et
al., 2016). DONOP provide detailed records of thes@pleted long-term human ecodynamics
experiments of the past and the range of outcomeasnsing from different pathways taken by
past cultures in the face of environmental chafmjanjond and Robinson, 2010; Hegmon et al.,
2014). They can serve as examples of alternativeeet and the pathways they create, and these
case studies can be used to assess contemporasy afldow to build resilience and reduce
vulnerability in the face of both environmental asdcial stresses. They can provide both
inspiration and warnings.

The ideal of deep temporal and broad spatial dethi$ at the core of DONOP aligns it,
and reveals a debt to, attempts to conceptuallgkbo®wn the borders between the ideas of
nature and culture (Chakrabarty, 2009). For exartiideconcepts of coupled natural and human
systems (CNH) and socio-environmental systems (S##) inspire much of the following
scholarship (Zeder et al., 2014). When examine@r othe longue durée, the myriad
interconnections between human and natural syshewsmes clearer and the idea of static and
pristine ecosystems that host humans but thats@athropogenic impact becomes much harder
to support. The history of the impact of humang ather organisms, on landscapes continues to
be pushed deeper in time through archaeologicakwidie dynamics behind these impacts is
being revealed as more nuanced and increasinglypleamNiche Construction Theory is
perhaps the best expression of these relationsimgss relevant to all the projects presented in

this article (Boivin et al., 2016; Sullivan et &017; Zeder, 2016).

11



239 The utility of DONOP sites and the data they caonti@r contemporary global change
240 research can be explored from three perspectivesetthat are 1) concerned with human
241 behaviors, 2) related to shifting baselines, anddgiressing biology. Theehavioral perspective
242 examines human action within intertwined social aadural systems. Thghifting baselines
243 perspectiveemphasizes the contrasting implications of basdiiata for species, landforms, and
244  ecology set before industrial expansion, commeszmale resource exploitation, the ‘great
245 acceleration’ and other trends representing siganifi human impacts on their environments — all
246 in stark contrast to the typical temporally shallowedern data currently in use (Pinnegar and
247 Engelhard, 2008; Steffen et al.,, 2015a, 2015b)alRin the biology perspectiveseeks to
248 understand and utilize past diversity (i.e., tropland/or genetic) as recovered through
249 archaeological remains in order to develop tool$ @atasets that can be used to better manage
250 contemporary wild and domestic animal populatiddsfinan et al., 2015; Boivin et aR016;
251 Zeder, 2015, 2016).

252 In the following section, we evaluate archaeologiseaes as DONOP within the
253 conceptual frameworks of human behavior, shiftingdiines, and biological systems. We argue
254 that archaeological sites contain valuable, antnats unique, data that have the potential to
255 provide solutions to problems in the present artdréu For this reason, there is a need to view
256 and value archaeological sites as ‘observable m&sivthat capture the resourcefulness of the
257 past for understanding the impacts of human pojpuaton their environments, establish
258 accurate environmental baselines, and learn fromanuadaptation to climate change over
259 century-to-millennial timescales. Furthermore, givthe current and increasing threats to

260 archaeological sites from anthropogenic climatengeathere is a pressing need to act quickly

12
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261 and decisively to collect critical archives beftiney are lost forevgiDawson, 2015; Hambrecht

262 and Rockman, 2017).

263
DONORP sites
O Behavioral
® Baseline
© Biological
264

265  Figure 2. A map of the eastern North Atlantic regghowing the locations of sites in the Faroe Idgniceland,
266 and Greenland that are discussed in this article.

267
268 2.1 Human Behavior and DONOP
269 Over the last thirty years, research in the Nortlamic by the North Atlantic Biocultural

270 Organization (NABO, http://www.nabohome.org) has, part, been focused on comparing
271 datasets from separate geographical areas towad#sstanding the contrasting fates of Norse

272 medieval communities in the Faroe Islands, Icelamd, Norse Greenland (Figure 2; $ésison
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et al., 2016). These settlements were established by Standns over several centuries,
starting with: the Faroes (ca. 860 CE), Iceland 8® CE), and Greenland (ca. 985 CE). These
three areas were settled by people of a sharedrauéind biological heritage (Jesch, 2015). Yet
the paths chosen by these communities and theg-tkmmn fates contrast starkly. The Faroes
survived centuries of relative economic isolatiimjted natural resources, and numerous socio-
political challenges, enduring to this day as alkimat resilient nation (Brewington, 2015).
Despite environmental, economic, and epidemioldgiballenges, Iceland was able to transform
its economy, and has since become a highly-develgpeiety with among the highest living
standards and health care in the world (Karlss6Ap® The Norse settlement in Greenland, by
contrast, came to an end in the late fifteenth wwgntThe contrasting fates of Iceland and
Greenland have come to be discussed in populasudises around ideas of ‘collapse’ (Diamond,
2005) and remain active subjects for internatiangdrdisciplinary research (Dugmore et al.,
2012, 2013; Streeter et al., 2012; Nelson et aLpP

Viewing these cases through the lens of DONOPIdistie research down to a series of
narratives that have important implications forreant debates. First, the simple ‘collapse’
narrative of why societies choose to fail throughladaptation is too simplistic and actively
misleading for these cases (Dugmore et al., 200922 DONOP-based long-term perspectives
of the Scandinavian communities of the Atlantiamgls in general, and Iceland and Greenland in
particular, provide specific examples of human b@&rathat was environmentally-nuanced,
adaptive, and sustainable over multi-century tiwedes. This creates a picture that is far more
disturbing than the simple collapse thesis bec#@us®gws that societies may undertake entirely
rational, adaptive strategies in the face of urguleated challenges and yet still undergo painful

transformational changes (Butzer, 2012; Dugmogd.eP012).
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The example of Norse Greenland, which has oftem hesed as a parable of human
inaction in the face of increasingly hazardous aties to the point of self-extinction, offers a
complex and bleak message (Diamond, 2005). A coceibim of new data acquisitions,
reinterpretation of established knowledge, and rmesehat different philosophical approach to
the question of collapse has revealed a societyhs, in fact, flexible and adaptive in the face
of changing climates (Dugmore et al., 2012). Witthia first generation of settlement in the late
tenth and early eleventh centuries CE, the Norsee@anders adjusted their diet to fit the
seasonal availability of local resources: fishingaged and the large-scale exploitation of
migrating seals began (Ogilvie et al., 2009; Arngbet al., 2012). The Norse went on to create
an effective economic network for communal provigng and international trade (i.e., walrus
ivory). Provisioning networks consisted of importgéodmesticated species (sheep, goats, cattle,
horses, and pigs) supplemented with a broad seil@fesources (seals, caribou, seabirds, small
mammals, and some berries and herbs). Zooarchaealagd stable isotope data from DONOP
show that native caribou and non-migratory sealumimns were managed sustainably over
multiple centuries (Arneborg et al., 2012; Dugmateal., 2012; Ascough et al.,, 2014) .
Organization of economic networks emerged from tihelfth century, integrating domestic
subsistence systems with wild resource cycles, ssclthe spring harp seal migration, late-
summer bird collections, and walrus hunting (Ogilet al., 2009; Frei et al., 2015). In the mid-
to-late thirteenth century, further adjustmentitdways and diet towards a deeper exploitation
of marine mammals in response to unprecedentedawinthange can be seen in the
zooarchaeological record as well as in stable po#malysis of human burials (Arneborg et al.,
2012). The poignant and rather grim conclusiorhts is that even with adaptive flexibility and,

in some cases, sustainable management systenScaheinavian settlement of Greenland still

15
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failed. This was not a collapse due to simple negéation but change driven by a variety of
factors: spatial, climatic, demographic, sociallitfmal, and economic (Dugmore et al., 2012).
While a full explanation of the current understamdiof the nature of the Greenland Norse
collapse is outside of the remit of this articlerement assessment of the North Atlantic by
Nelson and colleagues (2016) offers a good sumwofazyrrent research.

On a more successful note, DONOP records of ar¢haea from the Myvatn region in
the north of Iceland documents a millennial-scakesec of successful, community-level
management of migratory waterfowl beginning attfasttlementl(andnam and continuing to
the present day (McGovern et al., 2006; Hicks gt28116). Today, there is an annual collection
of eggs from nesting migratory waterfowl that doest adversely impact these species
(Gudmundsson, 1979). Nesting waterfowl are monit@med protected; only a few eggs per nest
are taken and adults are rarely hunted (Beck, 2Q1®)king further back in time, the restricted
collection of waterfowl eggs is documented in mideteenth century written records, such as
diaries, journals, and visitors accounts. Using [PNwe can create even longer time
perspectives; some terrestrial (non-waterfowl) Witthting has happened alongside waterfowl
conservation and egg utilization since the Vikinge;aarchaeofaunal assemblages are rich in
waterfowl eggshells while bones were mostly fromrptigan (grouse), a non-aquatic terrestrial
species (McGovern et al., 2006, 2007). This suggstt a community-level avian management
system produced a valuable crop of eggs while mimimg adult waterfowl populations. This
management strategy was not only useful in consgrwaterfowl populations over the long
term: there is also historical and archaeologicatlence that careful use of wild resources
helped Myvatn inhabitants buffer themselves agastatvation during hard times caused by

climate change (McGovern et al., 2013).

16



342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

Successful long-term resource management is alserd@vifrom DONOP records in the
Faroe Islands, where zooarchaeological (Brewingtoth McGovern, 2008; Brewington, 2011,
2014) and documentary (Baldwin 1994, 2005) evideuggests that local seabird colonies have
been sustainably exploited for over a millenniurs.iA Myvatn, fowling in the Faroes has long
been carefully controlled by local communities (Msang, 1986; Baldwin, 2005). This
community-level management regime employs a sdpatsd body of local ecological
knowledge to gauge the relative vulnerability adfiiindual bird species and nesting areas on a
year-by-year basis. Faroese resource managersti@natly, landowners) are thus able to
determine sustainable harvest limits for birds egds each season (Williamson, 1970, pp. 153—
156; Ngrrevang, 1986). Also of critical importarfoe the success of the system has been the
ability to effectively monitor and manage nestintgs protecting this sensitive resource both
from overexploitation by people and from destruetdomesticates such as pigs (Brewington et
al., 2015).

In terms of behavior, DONOP from the North Atlantan be used to draw two key
lessons relevant to the present and future: sadtmmillennial-scale management of natural
resources is an attainable goal and adaptabilityarshort- or even medium-term is no guarantee

of long-term survival.

2.2 Shifting Baselines and DONOP

Shifting baseline syndrome is a concept that diessrsituations in which communities
formulate natural resource management decisionsdeas about primal or pristine natural
resource populations that are inaccurate (PauB5;1Rinnegar and Engelhard, 2008). Given that

decisions about the management of natural resogesesften be based on a ‘baseline’ standard
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that is constructed around an idea of a minimakgla@ted population, then the assumptions
behind this baseline are very important. This canabproblem in conservation and resource
management if the baselines used to define subtaieaploitation of populations are based on
inaccurate, misleading data such as that from fielwenan memory or temporally shallow data
sets (Papworth et al., 2009). Recent discussiorfssloéry management in the North Atlantic
have a distinct relevance to DONOP. The problemersron what datasets people are using to
define a sustainable fish population. Pauly (1985) others have described a phenomenon
where fishermen and fisheries managers use a catiginof their own memory of the early
days of their fishing careers and catch data wighalow time depth as baselines for what a
sustainable fish population should be. This concens deeper into environmental movements,
the media, and scientific works about rewilding (Mat, 2013). A specific example of this is
described by Bolster and colleagues (2012) in wihely argue that the North Atlantic fisheries,
especially cod fisheries, have seen significantdrummpacts on fish populations from at least
the early nineteenth century. Yet consistent cdath on North Atlantic Cod3adus morhupin

the North Atlantic has only been consistently ctke since the beginning of the twentieth
century (Bolster et al.,, 2012). Thus, many of tlesuaptions about what baseline cod
populations and catch levels should be are basqubpulations that were already significantly
impacted by human exploitation. This situation ad to a misperception of the level of human
impacts on a natural resource that can lead to rhigher levels of stress on these populations
than anticipated. Zooarchaeology (the analysisnifal remains sourced from archaeological
sites) can help clarify if this is in fact a proiigespecially when it utilizes recent advances in
the analysis of aDNA and stable isotopes of animalains. Though there has been significant

and innovative research on shifting baselinesénNbrth Atlantic that focuses on past ecological
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conditions and past landforms, this article, in itterest of brevity, will discuss examples that
are addressing the species level of analysis egmore et al., 2000; Simpson et al., 2001;
Dugmore and Newton, 2012; Streeter and Dugmore3,22014; Golding et al., 2015).

In 2012, Atlantic cod Gadus morhup was ranked by the Food and Agriculture
Organization of the Union Nations (2014) as thd-frost fished species in the world. In
addition to being an important contemporary marnesource, this species was also crucial in
both the medieval and early modern European cdler@ansions. It was, and continues to be, a
key species for both subsistence and the econoeilleo@ing of communities across the Atlantic
from Maine to Norway.

The DONOP data represented by fish bones found iddens (refuse deposits from
which archaeologists often excavate organic remaiaoss the North Atlantic region have long
been of interest to zooarchaeologists focusinghenarigins of the trade in dried cod and the
onset of intensified non-subsistence fishing in tNowest Europe (Barrett et al., 2004).
Zooarchaeological analysis charting the changirttepes of fish utilization has produced data
crucial to understanding Atlantic cod’s transforioat from a subsistence good to an
internationally traded commodity (Perdikaris, 19%%rdikaris et al., 2007). Stable isotope
analysis of fish bones is now revealing what regigopulations of Atlantic cod are represented
in the archaeological record (Orton et al., 2014).

CodStoryis a current project that examines demographicemadbgical data of Atlantic
cod derived from archaeological excavations of D@Ni@hing sites (Olafsdottir et al., 2014).
In 2011, a pilot project began to investigate thasfbility of using Atlantic cod vertebrae to
examine the historical genetic structure of Atlamtbd populations, and showed that this work is

both feasible and rewarding. DNA was successfuliyraeted from fish bones and the
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cytochrome B gene sequenced from a time seriesoo@rzhaeological samples in western
Iceland dated from 1500-1910 CE. Further analy§ithe genetic variation indicates a sharp
decline in effective population size of Atlantic dcan the fifteenth century, and further
population size fluctuations coinciding with receddtemperature changes (Olafsdottir et al.,
2014). Although the concomitant loss of genetidateon in the sixteenth century does suggest a
severe bottleneck, estimates of the genetic strictuAtlantic cod may be complicated by shifts
in population structure distribution and changeterding migrations that occur as the cod seek
favorable temperatures and feeding grounds becidnesécelandic cod stock comprises both
migratory and coastal elements (Hovgard and Bu&901 Rose, 1993; Vilhjalmsson, 1997;
Pampoulie et al., 2006). To test these ideasCib@Storyproject has continued by producing
higher resolution genetic data, stable isotopesayassand shape analysis and growth
reconstruction based on otolith increments. Thétbtanalysis indicates a shift in the abundance
of migratory and coastal Atlantic cod populationghe historical catch and suggests that growth
conditions for the two Atlantic cod ecotypes chahgethe early modern period (Olafsdottir et
al. 2017). Together, these results signal a disyaph the North Atlantic marine ecosystem
coinciding with a temperature minimum in the No#tthentic. Using archaeological samples, the
CodStoryproject is generating paleodemographic data onadrtee most important maritime
resources of the North Atlantic while also inveatigg the effects of changing climate on these

fish populations at a high temporal resolution.

It is also possible to use DONOP archaeologicah daupled with aDNA analysis to
understand the distribution of marine mammal pdpenia before the commercial and industrial
exploitation of the Arctic oceans with potentiafhajor implications for historical biogeography,

modern conservation biology, and marine managen#erpilot project, completed in 2014,
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included 35 presumed marine mammal specimens frochaaological sites in Iceland,
Greenland, and the Faroes; six samples gave pos#sults for aDNA. Four specimens were
identified to the species level, including one blueale Balaenoptera musculuy®AK-CESP-
001), two fin whales Ralaenoptera physalisUJF-CESP-003 and HRH-CESP-002) and one
harbour porpoiseRhocoena phocoen®&GN.103-CESP-507). Two additional specimens (UJF-
CESP-001 and UJF-CESP-008) were identified as bgiegies of right whales, but were not
isolated to unique species beyoRdbalenaspp. In order to further test how universal the
primers were, DNA extracted from a 13,000 year lmdavhead whale bone was included, and
two samples from the Swedish Museum of Natural diyst one bone sample previously
identified as being a humpback whale and a sampia fa sperm whale tooth. The primers
managed to amplify DNA confirming the species (Anuohg et al., 2014). The successful results
of this pilot project mean that marine mammal b&meen DONOP sites, which can be difficult
for zooarchaeologists to identify morphologicaltgn now be identified, providing a window
into species distributions in past seascapes. Euwtark will also use methods such as protein
analysis, ZooMS, which is proving to be cheaper aftdn more useful under a variety of

different taphonomic circumstances than aDNA ansi{Buckley, 2018).

Due in part to the success of this pilot projedhrae year NSF-funded projeétdsessing
the Distribution and Variability of Marine Mammaltkrough Archaeology, Ancient DNA, and
History in the North Atlantie- NSF award #1503714 — PI Dr. Vicki Szabo) comnedrnia 2016.
This has explanded analysis to approximately 3@bamological samples of whale, seal, and
walrus bones across the Norse North Atlantic. Ssel@vel identification of DONOP
archaeological material will allow deeper histoliaacess into the premodern Arctic, Subarctic,

and North Atlantic societies’ impacts on marine maats, adding to recent groundbreaking
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studies of pre-modern North Atlantic walrus ex@tdn and biogeographies (McLeod et al.,
2014; Frei et al., 2015). Norse economies, huntingcavenging strategies, commercial uses of
marine mammals, and subsistence will be reasseaB#dA analysis will allow insights into
genetic diversity and drift, possibly paleodemogiapdata, identification of now-lost or
endangered species in certain regions, and préwsderical depth to the management of species

under threat today.

These projects are pushing baseline data of keyralaspecies back into the last
millennium. In both cases they are focusing on gsethat have seen predation by humans, at
varying levels of intensity since the Neolithic joek. Each one is focusing on the medieval to
early modern transition and attempting to build dgraphic data that could radically alter
current ideas of what a ‘normal’ or sustainableuafion is and of the historical spatial ranges

of these species.

2.3 Biological Records and DONOP

Analysis of aDNA has revolutionized our understagdof the history of our species as
well as that of our commensals and domesticategéklat al., 2014; Orlando, 2015; Scheu et
al., 2015; Zeder, 2015). aDNA analysis from DONGQfesscan also directly contribute to
understanding the results of modern day breedirggrpms; revealing vulnerabilities and
suggesting improvements (Fahrenkrug et al., 20&EDally, aDNA, with the advent of gene
editing technology, has the potential to becomewace for past genetic variation that could be
reintroduced into modern domestic animal popula&ioalowing us to restore some of the

variability lost to modern industrial breeding prams.

22



479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

A collaboration between the University of Marylartboarchaeology Laboratory,
Recombinetics LLC, and the aDNA Laboratory of treh®lic University of the Sacred Heart in
Piacenza, Italy is aligning the interests of thedrical sciences with those of present-day animal
sciences. This project is beginning with an initratestigation focusing on aDNA analysis of
cattle bones from archaeological sites in Icelards will produce DNA sequence-based data
that sheds light on the interactions between humdosestic animals, and a variety of
exogenous forces such as climate change, epidemnade, and ideology. In addition, the
sequence data provides an orthogonal element tgethetic record of livestock that shed insight
into decoding the genomes of contemporary domesiiimals. The discovery of unique genetic
variation from the past could, for example, repnédest genetic variants effecting a wide
spectrum of phenotypes. Bioinformatic analyses afiltempt to isolate unique genetic variants
underlying specific traits in pre-modern domestngnaals that could be introduced back into
current domestic animal populations using genoniingdechnology. This project will attempt
to mine the genetic heritage of domestic animads ¢an be found within the faunal component
of archaeological sites to create resources tlta¢ase the resilience or reproductive capacity of
current populations of domestic animals. Given stresses and hazards that anthropogenic
climate change will generate, this project is al#empting to utilize historical data as a tangible
resource for mitigation and adaptation to climdtarge threats and the improvement of animal
well-being. The sequence data and results fromesulent analyses that includes information
from the archaeological long-term observationalogks will form the basis for direct and
tangible resources for mitigating against climatarnge threats to food animal production while

also producing key data for understanding the dycatretween social and ecological systems.
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This is, of course, a ‘brave new world’ for the gmtial uses of historical genetic
material. The most dramatic and potentially visiloigacts that aDNA could have in the near
future are best demonstrated in the projects thatiravestigating the possibility of reviving
extinct species (Charo and Greely, 2015; Diehm52@&twards, 2015; Shapiro, 2015; Weaver,
2015). Such projects could not be possible withactess to genetic material from either
museum or archaeological specimens. A vigoroustdeisadeveloping around the ethical and
practical ramifications of such approaches (Krisenet al., 2015; Martinelli et al., 2014;
Oksanen, 2008; Oksanen and Siipi, 2014; Siipi, 20Y6t what can be said without debate at
this point is that developing biotechnologies foogson editing genomes will have a profound

impact on the way historical genetic material iscpaved and utilized.

3. Discussion

The article presents just a few of the projects ithestrate how data from archaeological
sites can be mobilized for application to conterappiproblems. This idea is at the core of the
concept of DONOP. Indeed, an important difference perspective between traditional
archaeological research focused on the interpoetati specific sites and the DONOP concept is
the selective use of records from archaeologicatecds to tackle specific ‘grand challenge’
research agendas of demonstrable importance bayamdw disciplinary confines (Kintigh et
al., 2014; Armstrong et al., 2017; Jackson et al., iies@). They represent research projects that
could form key contributors from the historicalesates towards navigating the future challenges
of global change. Cooperative scholarly organiratisuch as IHOPE are driving efforts to

increase engagement with GCR, while governmentdlreom-governmental organizations have
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recognized the potential of archaeological datal #meats to cultural heritage arising from
anthropogenic climate change.

The archive of DONOP sites and the behavioral, lmeseand biological data they
contain is unique. Yet this archive is threateneth westruction by the very global changes it
records; this is a modern equivalent to the burhiibgary of Alexandria. The rate of damage to
archaeological remains is continuing to accelesatground temperatures, moisture regimes, and
erosion patterns change (Rockman, 2015; Hollesah,e2016; Hambrecht and Rockman, 2017;
Hollesen et al.,, 2017). Without the mobilization sfibstantial international resources to
recognize, manage, and when needed, rescue thetmngemed archaeological archives,
irreplaceable records will be lost. DONOP sites iatportant not just because of the inherent
value of our shared human historical inheritancedbso as a direct cultural archive of social-
ecological interaction over tHengue durée

Recognition of the importance and utility of DONCO#Rs grown beyond direct
practitioners. The US National Park Service haenake lead within the US government, setting
out federal policy and strategic guidance on thpartance of addressing impacts of climate
change on cultural heritage (including archaeolagyl using cultural heritage to inform both
research and the management of climate sciencetadida, mitigation, and communication
policies (National Park Service, 2014; Rockman,22(Hockman et al., 2017). In this approach,
it is recognized that cultural heritage is botteaféd by climate change and is a source of data on
how to address climate change (Harvey and Pery5)20

There are many other international, national, awall efforts addressing the interaction
of climate change with cultural heritage but thisra danger that a piecemeal approach will not

be the most effective. A global response to threadearchaeological sites focused on their utility
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as DONORP is likely to produce the most effectivebgl outcomes. International funding
organizations such as the US National Science Faiiorg the Belmont Forum, the EU Science
Commission, and Future Earth have the potentigkréate funding streams that are focused on
utilizing the past to better understand the presentnavigate the future (Costanza et al., 2007,
2012). Many archaeological sites, especially instala montane, and polar regions, are now at
critical risk of loss to climate change. Savingthlieatened sites will not be possible. Many will
be irrevocably lost over the next century due ®ithpacts of climate change. Guided by a series
of focused research questions, it is essential dhdtaeologists identify, excavate, or at least
sample ‘at risk’ sites and, where possible, protest archives under threat (Van de Noort,
2013). The issue is no longer one of just presgrairthaeological sites so that they survive for
future generations, though that is important onoitg terms. It is now an issue of protecting
and/or rescuing key data sources that will heljpetser face the future. On a local and regional
scale, past societies have experienced global elsahgt have dramatically altered the structure
of their spatially-limited worlds; the scale of dtmé change is such that it is likely to have
unknown impacts on contemporary societies and theitural, social, environmental, and
economic capital. Archaeological sites and heriteggeneral should be redefined to include
their utility towards addressing and recording amplogenic global change. Funding
organizations and governments are recognizingripoitance of archaeological data, but more

needs to be done to encourage engagement betwdraealogists, GCR, and practitioners.
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