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Abstract - Multidisciplinary approaches are used to exangossible changes in North
Atlantic sea-ice cover, in the context of seal mmtduring the period of the Norse
occupation of Greenland (ca. 985-1500). Informafrom Iceland is also used in order to
amplify and illuminate the situation in GreenlanData are drawn mainly from
zooarchaeological analyses, but written recorddiofate and sea-ice variations, as well
as palaeoclimatic data sets are also discussdtbugh it should be noted that any use of
seal bones from excavated archaeofauna (animal tolfextions from archaeological
sites) must recognize the filtering effects of pdmwtman economic organization,
technology, and seal-hunting strategies, it is eaggl that differing biological
requirements of the six seal species most comméoind in Arctic/North Atlantic
regions may provide a potential proxy for past eliej in particular sea-ice conditions. It
is concluded that an increase in the taking of Is&gds, as opposed to common seals, in
the Norse Greenland “Eastern Settlement” in the-flatirteenth century, may reflect an
increase in summer drift ice.

Key Words. Greenland; Iceland; North Atlantic; Sea Ice; SeabgBography,
Zooarchaeology

Introduction: Transitions and Thresholds

It is claimed that there are all sorts of seal),t those seas, and that they have
a habit of following the ice, as if abundant fooduld never be wanting there
(Larsen trans. 1917The King's Mirror-Speculum Regale-Konungs Skuggsja:
139)

Both humans and marine mammals have an intricatecamplex relationship with sea
ice. For people living in the Arctic and Subarctite presence of the ice can appear as a
friend, facilitating, for example, hunting or trg@st, or as an enemy, disrupting fisheries
and navigation (see e.g. Meldgaard 1995, Ogilvik Hmsdottir 2000, Ogilvie 2008). For
certain marine mammals, the ice is a vital compboétheir life cycle and habitat. With
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the current rapidly diminishing Arctic sea-ice cov@ number of studies are underway to
consider the impacts of this major change on Arp@oples and animals in the present
and future (see e.g. Gearheard et al. 2006, Isypifle.colorado.eduHuntington and
Moore 2008 and papers therein). With a view to ipacsuch developments in the
context of changes in the past, the focus of thigep is an interdisciplinary study of the
interaction of different seal species in Arctic/MoAtlantic regions with sea ice, and,
more specifically, the implications for the Norssttements in Greenland in medieval
times. Although it is not until the 1970s, with tdevelopment of satellite imagery, that
truly accurate sea-ice monitoring becomes posdifeexistence of a number of data sets
documenting past sea-ice variations in the NorttarAic region make it feasible to
consider past impacts on both humans and seals.

One hypothesis that will be considered here is ¥aatations in climate played a part in
changes and shifts in the seal-hunting patternthefNorse Greenlanders. Certainly, a
transition from less to more ice would be a maweshold shift with serious implications
for both marine biology and human society. The saador the presence of more or less
ice must also taken be into account. Studies ointidence of sea ice reaching the coasts
of Iceland have established a close correlatioh v@mperatures on land (Bergthdrsson
1969, Ogilvie 1984t seq), but the reasons for the presence of sea iceamplex. A
large quantity of ice in a certain location couldan colder sea temperatures, and hence a
colder climate, or it could also indicate calvirnglergs from glaciers during a warmer
climatic phase.

Data Sour ces: I nterdisciplinary Evidence

Although the major focus of this paper draws orhaeological data concerning Norse
Greenland, it is possible to use evidence, bothamalogical and documentary, from
Iceland, in order to cast light on conditions ire@mland. The history of the two countries
became intertwined when settlers left Iceland adocen AD 985 (Benediktsson 1968) to
form two colonies. One, the larger, was known as ‘thastern Settlement”, and was
located in the area now occupied by the new muailitypof Kujalleq (comprising the
former municipalities of Nanortalik, Narsag and Qaqq) in the far southwest.
(Qagortog was previously known as Julianehdb.) @tier, much smaller “Western
Settlement”, was located close to the area of vilhatow Greenland’s capital, Nuuk
(formerly Godthab) a little further to the north the west coast. For a location map see
Fig. 1.While it is difficult to estimate the exgmbpulation of the Greenland Norse, it has
been suggested that, at the height of the settlsmidnere may have been around 4000 to
5000 inhabitants in the Eastern Settlement, and 16@500 in the Western Settlement
(McGovern 1981). However, more recent calculatismggest a smaller peak population
of about 1000 to 1200 in the Eastern Settlemend, 500 to 800 in the Western
Settlement, with a cumulative population over thieole settlement period of around
25,000 individuals (Lynnerup 1996.)
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Figure 1. This map of the North Atlantic regionwks the location of the Norse Eastern and Western
Settlements as well as the Northern Hunting GrouiNtsdursetu) around the Disko Bay area. Map
drawn by Kerry-Anne Mairs.
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A rich archaeological record is available for b@heenland and Iceland; however, the
historical documentary evidence for Norse Greenlencelatively sparse (Halldérsson
1978, Ogilvie 1998) and most of what exists wasttemi in Iceland or Norway.
Nevertheless, this latter evidence may help to logtst on conditions in Greenland in the
past. Of particular interest is the historical @ide concerning sea-ice variations off the
coasts of Iceland (Bergthdrsson 1969, Ogilvie 124105, Ogilvie and Jénsson 2001).
See Fig. 2 and discussion below. Proxy climate roecg¢see e.g. Jennings and Weiner
1996, Dietrich et al. 2004, 2005, Jensen et al.42@®oncaglia and Kuijpers 2004,
KristjAnsdottir 2005, Moros et al. 2006, Andrews at 2009) also give valuable
information regarding past variations in climatanditions and sea-ice cover. Although
lack of space precludes any detailed methodologisalussion regarding the use of the
data presented here, it may be noted that all tirpeoxy data sets, whether from natural
archives, or in the form of written documentaryarels must be analyzed in the manner
appropriate to themFor further information see, e.g. Bell and Ogilvi@78, Ogilvie
1984, 1991, 1997, regarding documentary evidennd, the references cited above
regarding proxy climate data from natural archiveshould also be noted that any use of
seal bones from excavated archaeofauna (animal tolfextions from archaeological
sites) must recognize the filtering effects of pdmtman economic organization,
technology, and seal-hunting strategies (see eogllétt 2007).

Sealce
Ice on the sea, “sea ice”, essentially has two ipleserigins: i) it is frozen seawater

which forms directly on the surface of the oceard &) icebergs which have broken off
from calving glaciers. It is one of the most import and variable components of the
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planetary surface and is thus the key to understgndany basic questions concerning
the energy balance of the Earth. The ice-coverad sgpresent the cold end of the vast
heat engine that enables the Earth to have tempesasuitable for human life over most
of its surface. Sea ice also helps drive the ocetlnm@rmohaline circulation through salt
rejected by ice formation in critical regions, atticectly affects climate through its high
albedo, which causes sea-ice retreat to have &vosifect on global warming (see e.g.
Wadhams 2000). The causes of the drift of seasaeot simply a question of colder
climate; it is, among other things, a complex araalgof variations in ocean currents,
and surface winds. The most interesting featurArofic sea ice at present is the rate at
which it is melting, and the projection by moddisttthere is likely to be an even more
rapid reduction in the extent and seasonal duraifasea ice in the future (Stroeve et al.
2007, 2008). The implications of these changesaamgjor cause for concern, for both
humans and marine fauna and flora.
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Figure 2. Although the diagram above shows thalerte of sea ice off the coasts of Iceland duritegea
period than that under consideration here, ittithtes the great variability of the ice from yeatykar and
decade to decade. See Ogilvie 1992, 2005.

The sea-ice record from Iceland based on histoneah (Fig. 2) does not become
continuous until AD 1600 but fascinating descripsoof sea ice in the North Atlantic
also exist for earlier periods (Ogilvie 1991, 199%9me of these may be mentioned here.
The earliest detailed account of sea ice is founthe Konungs Skuggsjar “The Kings’
Mirror” (Larsen trans. 1917, Jonsson ed. 1920)atructional handbook on behavior for
all classes of society, but especially kings, coseloin Norway most probably around
AD 1250 (Holtsmark 1956-78, Ogilvie 1991, 2005).isSThemarkable work also gives
illuminating information on a variety of subjectsc®mpassing human societies and also
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the natural world. The description is clear andatiet,, unlike many other medieval
writings. The unknown author clearly had first-hantbrmation from someone familiar
with Norse Greenland and the surrounding seas.atbeunt of known seal species is of
particular interest (see below). Some 100 yearser,lah ca. 1350, a geographical
description given in the Icelandi@udmundur saga biskups Arason@diThe Saga of
Bishop Gudmundur Arason”) by Abbot Arngrimur Brasaols contains a description of
Iceland which notes the presence of much sea ic¢hefcoasts. Although historical
sources need to be subjected to careful analyssatcount of the ice is judged to be
reliable, as are the accounts referring to seamckeseal species in “The King’'s Mirror”
(Ogilvie 1991, 1997). The same may not be said mbee problematic account, possibly
originating from ca. 1360. This is termed in modéecelandic Greenlandslying ivar
Bardarsonar* or, translated into English, “The Description Gfeenland according to
ivar Bardarson”, (Jonsson 1930, Halldérsson 19 8)as first written in the language of
“middle Norwegian” and the original form of itslétis likely to have beelifver Bardsen
Gronlaender(pers.comm Christian Keller). This work poses interpretatigigficulties
primarily because the original text is no longetamx. Furthermore, the transmission of
the existing version is complex. It is likely thats a compilation of several manuscripts
which were probably first collected and copied ergen in the early 1500s (pers. comm.
Christian Keller. See also Ogilvie 1991, 1997, @giland Jénsson 2001). Included in its
brief account are sailing directions from IcelandGreenland, and the information that
the old route has become difficult due to the preseof sea ice. Although it is possible
that the greater part of the work may be reliatile,mention of sea ice is almost certainly
not part of the original account, but a later iptdation. The interesting description is
tantalizing because is not known precisely whenitisert on sea ice was written or,
indeed, if it is accurate (Ogilvie 1991, Ogilviedaidnsson 2001).

Figure 3. Aniceberg in Eiriksfjord, near Bratté&lPhotograph A.E.J. Ogilvie, 2008.

Two remarkable examples of reliable early geogreadtireatises were written in Iceland
in the late 1500s. These are BrevisCommentarius de Islandi@A Brief Commentary

on Iceland”) by Arngrimur Jonsson (1568-1648) whaswnicknamed “the learned”
(published by Benediktsson in 1950, and in Hakkiyyages in 1928). This work was
compiled in an attempt to refute erroneous accoohtseland which suggested that hell
itself was to be found in Mount Hekla or on the sea (see Ogilvie 2005). The
Qualiscunque descriptio Islandig®A Draft Description of Iceland”) was first pubkhed



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

in an Icelandic translation in 1971. In the introtlon to his edition of this latter work,
Benediktsson argues convincingly that the authos valdur Einarsson, Bishop of
Skélholt (1559-1630). However, for a different viint, see also Sigmarsson 2002.
Written in Latin in the early 1590s, these two wodre the earliest Icelandic accounts
which give accurate and detailed descriptions afise (see Ogilvie 2005). After around
AD 1600 there are numerous sources which descebéce (Ogilvie 1984t seq). Both
early and later sources refer to the hunting ofssea sea ice, as well as to the taking of
seals and other marine mammals, such as whales, tndpged in ice close to the shore
(Ogilvie 2008).

North Atlantic Seal Biogeography and Behaviour

Six species of seals are found in the modern Natfintic (Ridgway and Harrison 1981,
King 1983, Riedman 1990). For their distribution ese
http://nlbif.eti.uva.nl/bis/marine_mammals.php?stdd=bekijken&menuentry=atlas&id
=116 The most widespread is the common (also calletdnp seal,Phoca vitulina
which is found in both Atlantic and Pacific watéBigg 1981). These terms, “common”,
and “harbor”, seal are used interchangeably hareaktern and western Atlantic waters,
the common seal is found in two sub-specific gro{gasternP. v. vitulina,western:P.

v. concolor)with a range extending from warm temperate wateis Arctic regions, for
example Baffin Bay. In Arctic/Atlantic regions tleeseals do not generally haul out on
the ice. Pupping takes place later in the year thamarp, ringed, and bearded seals, in
areas with open water. The seals form small conagons at favored hauling-out spots
on sandy beaches, sandbars, and skerries, wheseapeiporn and raised in early spring.
These regularly-used pupping and hauling-out paimdke this species vulnerable to on-
shore human hunters, and common seal populatiangaticularly subject to local
extinction or dispersal by over-hunting. While adctmmon seals are at home in ice-
filled waters, their pups are much more vulnerahte] common seal populations do not
thrive in areas with substantial summer drift iseq Woollett 1997, Woollett et al. 2000).

The grey seaHalichoerus grypuss far less common, and is a much larger and more
aggressive seal, found in three distinct populationCanada, the Eastern North Atlantic
(Iceland, Faroes, British Isles, Norway, North $easts) and the Baltic. While capable
of breeding on ice floes, the grey seal is maimdstimtemperate in distribution, and is not
regularly found in Greenland. Grey seals also faurmual breeding and pupping
concentrations, generally in smaller groups onhaffe rocks less accessible from land
than the common seal haul-outs, and are thus soatde$s immediately vulnerable to
human predation. Highly visible in coastal areasnmon and grey seals have been taken
by human hunters in the eastern North Atlantic esitise Mesolithic, and are still
regularly killed by fishermen seeking to limit coetpion. Neither common seals nor
grey seals are migratory, and thus local groupsboth species are subject to
overexploitation or extirpation.

Ringed sealsPusa hispida are true arctic seals, capable of making and taiaing
breathing holes in fast ice. They have an earledirgy season, pup on fast ice, and
regularly maintain ice dens in which pups are b&inged seals have a wide circumpolar
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distribution, and are also found in the northeriitiBawith related species occurring in

the Caspian Sea and Lake Baikal. This seal is nignatory and does not form

substantial seasonal concentrations, but is comwiitin its distribution area, forming a

major food source for both polar bears and humantensi across both low and high arctic
regions. It has been hunted since prehistoric tifhkesray 2005).

Bearded sealErignathus barbatysare very large seals with a circumpolar distidt
also capable of maintaining breathing holes andigng in high arctic conditions. Like
the ringed seals, they are not migratory, and aeisipecies is regularly encountered in
southern Norway, the British Isles, the Faroes,joatand. Complex, species-diverse
patches of populations exist in areas with hetereges environments in close contact
with outside “core” populations which are sources recruitment to other populations.
While there is some overlap between the rangefi@fbrth temperate non-migratory
seals (common and grey seals) and the arctic ngratory seals (ringed and bearded
seals), year-round ice conditions strongly favoe #rctic-adapted species in range-
margin competition (as in Labrador; Woollett 199803, Woollett et al. 2000).

In addition to these pairs of non-migratory nomfmperate and arctic seals, the North
Atlantic is also home to two species of ice-ridmggratory seals. The harp seBhoca
groenlandica has three distinct populations: one northwesamtt population breeding
on the early spring ice in the Gulf of St. Lawrenard off Newfoundland and southern
Labrador, and then migrating up the coast of Gerehl another East Greenland sea
population breeding near Jan Mayen Island in theheast Atlantic; and a third
population breeding in the Barents Sea/White Sea. dn spite of human predation, harp
seals are probably the most numerous seals on, e@atthcurrent population estimates
for the northwest Atlantic group ranging between- 4 million. Individual seals are
occasionally encountered as far south as New Yanbdr, but most harp seals are
normally closely associated with movements of dici in the North Atlantic. The
migratory pattern of the northwest Atlantic popidatbrings them to the southwest coast
of Greenland regularly each spring in immense nusband they travel northwards
along the west coast to north of Disko Bay bef&teiming to the Canadian coast. The
northwest Atlantic harp seal population thus repnés a major resource for human
hunters on both sides of Davis Strait.

The other migratory ice-riding seal species is timoded or bladder-nosed seal,
Cystophora cristataa larger animal with a smaller population sizer{imwest Atlantic
modern population estimated at around 400,000)r Bmtinct hooded seal populations
(their range often overlapping with harp seals) banfound on the pack ice near Jan
Mayen Island, off Labrador and northeastern Newditamd, in the Gulf of St. Lawrence,
and in Davis Strait southwest of Greenland. Thesgel migratory seals follow a
somewhat different path from the harp seals, cayadieg with the harps off the fjords of
southwest Greenland in the spring, but then maimiyving up the east coast of
Greenland in summer. Inhabiting pack-ice massesffahore, they are not accessible to
human hunters in much of west Greenland, apart fhenextreme southwest.
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The six species of North Atlantic seals may thusshiel to form three pairs: a north
temperate group (common and grey seals); a higlt goup (ringed and bearded seals);
and an ice-riding migratory group (harp and hoosedls). In each case, the smaller of
the pair is the more numerous, and harp seals biplgaeatly outnumber all other
species combined. These three pairs of speciesd® frartially overlapping ranges, but
have very different associations with summer anatevidrift and fast ice. Their behavior
also produces quite different vulnerabilities tartan hunting. The common and grey
seal populations most familiar to Celtic and Nortimters prior to the trans-Atlantic
expansion of the Viking age form predictable seabaroncentrations at recurring
locations — excellent hunting targets but subjecti¢pletion and local extinction. The
dispersed but abundant arctic ringed and bearddd kave long provided a key resource
for North American arctic hunters, but require sakzed harpoon technology and ice-
hunting skills for their regular capture. The migrg seals (especially harp seals)
provide a virtually inexhaustible abundance foretatively short period of time over
most of their range, requiring a highly focused patentially very productive hunting
effort. The differing biological requirements ofede six seal species thus provide a
potential set of proxies for past climate, espécisga-ice conditions.

Norse Seal Hunting in the North Atlantic

Seal hunting in the Baltic and North Atlantic exded into the Mesolithic era, and,
through the centuries, different cultures have mase of a wide variety of hunting
techniques (Harkonen et al. 2005, Stora 2002, At9@6, Clark 1946). The Viking-age
settlers of the North Atlantic islands thus hadrgl heritage of sealing, but by the ninth
century AD, seal hunting had become a very limpedtion of a subsistence economy
centered on fishing, barley growing, and herdingdoimestic mammals in most of
western Scandinavia and the British Isles. Archaawod from both Pictish and Norse
contexts in Shetland, Orkney, Caithness, and théerites, usually produce some
common and grey seal bones, but these compriskedarthan 10% of each collection
(Perdikaris and McGovern 2008). Similar patterns esflected in Viking-medieval
archaeofauna from Sandoy in the Faroe Islands @heiral. 2005) and in most Viking
age Icelandic sites (McGovern et al. 2001). In dastern North Atlantic during the
Viking Age and early medieval period seals (alnm®atlusively common and grey seals)
thus tended to represent a locally useful supplétmesubsistence, an occasional source
of good quality fat and skins, and a product tlwatld sometimes find its way far inland,
but not a critical staple for either regular sutesise or large-scale external trade. The
situation was somewhat different in Greenland, hexe For a comparison of the
frequency of seal bones versus mammal bones fauredsampling of sites across the
North Atlantic see Fig 4.
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Figure 4. This graph shows the frequency of seakbdall species) as a percentage of all mammad bon
(%NISP) in a sampling of sites across the Nortra#tic. Seals present uniformly minor parts (<5%) of
mammals from farm sites in the Faroes and coastdhern Iceland, independent of period. Seals arehm
more commonly observed in some coastal northeriaride sites, with seals comprising the majority of
mammals in the early modern assemblage of Svalthar@reenland, seals comprise more than 30% of
mammal bones in almost all farm sites shown heity several sites having seals as the majorityhef t
mammal assemblage. V48, in particular, shows aqgstigm of seals which parallels that of Thule andit
winter sites in West Greenland and Labrador, wheresistence economies were built almost entirely
around seal hunting.

Seal Hunting in Iceland

The practice and history of seal hunting in Icelaad been documented in great detail by
Ludvik Kristjansson (1980) and is clearly as oldtlaes first settlement. Seals appear to
have been an extremely important addition to thié/ dhet, especially at times when
other traditional food sources failed. Several prbg testify to this fact, including
Selurinn er seela i bA seal means contentment in the home”. The maalssthat were
hunted werdandselur (common seal)utselur (grey seal) and alsedduselur(the harp
seal). Ludvik Kristjansson states that tHédruselur(hooded seal)kampselur(bearded
seal), anchringandri (ringed seal), in particular the latter, were alsken. Kristjansson
describes the ways in which the seals were humtetiyding the varied uses of netting
and clubbing. Seal hunting appears to have beectiggd all around the coasts of
Iceland, although he notes that harp seals wereaanight on the north and west coasts,
and that the usual method was harpooning, althaugfting was also used in the
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eighteenth and nineteenth centuries. KristjAnsden @escribes a variety of additional
methods used in seal hunting, including the digagihgits, and the placing of iron spikes
on rocks where the seals would be caught fastuSbkeof harpoons ceased in 1875.

In the seventeenth century, there were 364 cofastak that had sealing rights. However,
according to the land registers of 1702-12 only 8a&h farms were recorded. In 1932,
the total number of such farms was 264 (Kristjansk®30). The reason for the apparent
decline in sealing in the early eighteenth ceniaryot clear. Seal-hunting rights were
considered highly valuable. The skins do not appeanave been exported until the
eighteenth century, but were in great demand withim country, especially for the

making of shoes. Sealskin shoes were consideregrisuio shoes made of leather as
they were more durable in wet conditions (Ingi Ueissson, pers.comm.). Seal meat
was also an important food source, and was useH,fsalted and smoked.

The hunting of seals is described in many of la#kmaried historical records, including
the Sagas of Icelanderdn Egil's Saga for example, it is said of Skallagrim, an early
settler, that “He had a farmstead built on Alftaaes ran another farm there, and rowed
out from it to catch fish and cull seals..The Complete Sagas of Icelanddr66). An
example of a description of seal hunting on sean@®y be taken from th8revis
Commentarius de Islandiaritten in 1592 by Arngrimur Jonsson (noted abo@arly,
seal hunting was an “ancient custom”. Because $eafs are associated with sea ice, and
were one of the most frequent seals taken, itkislyli that the seals in Arngrimur’s
description below refer to this species.

Why; it is an ancient custome of the Island thaytivhich inhabite neare the sea
shoare do usually go betimes in a morning to c&elles, even upon the very
same ise which the historiographers make to be halll in the evening returne

home safe and soundFrom Arngrimur Jonsson’'8revis Commentarius de

Islandiatranslated irHakluyts Voyage$904 vol. 1V:123.)

Although the presence of sea ice off the coastsaénd had primarily negative effects
such as: the lowering of temperatures on land whichurn, could adversely affect the
all-important grass crop; the prevention of fishiagd the hindrance of trading vessels
from landing, the marine mammals that were ofteaught with the ice were an
important addition to the food supply (Ogilvie ah@hsdottir 2000). Arngrimur Jonsson
also notes that harp seal and ringed-seal pups seenetimes carried inshore by drift ice
and were then clubbed, often in great numbers. Wehgeneral decline of sea ice off the
coasts of Iceland from the early-twentieth centamyards, the harp and ringed seal have
been less in evidence recently than in former tiRestjansson 1980, Sergeant 1991).

The documentary evidence regarding seal huntingcéhand is corroborated by the
archaeological record. Here it may be noted thextetlis regional variability in seal-bone
abundance, with archaeofauna from the West Fjaedsdl in the northwest, bistilfjorour
in the northeast, and the island of Flatey in Bagd@dur showing the greatest abundance
of seal bones (Amorosi 1992, Amundsen 2003, Edgardand McGovern 2005). A few
seal bones have also been recovered from inlaranitie sites dating to both the ninth
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and tenth centuries, and to early modern contexiggesting at least a local pattern of
movement of seal products from coast to inland aomess (Amorosi 1996, McGovern et

al. 2006). The regular recovery of newborn (nedh&i@mmon seal bones in all these

Icelandic sites indicates a spring hunt focused nupupping beaches, probably

supplemented by net hunting of adults in other@@asKristjansson (1980) notes that as
the common seal has its pups in the spring or eartymer, and the grey seal in the
autumn or early winter, the two species were ad$erred to as spring and autumn seals,
respectively.

The pattern of recovery of seal products is redlédn, for example, the post-medieval
layers of the deeply stratified farm midden at #ie of Svalbard in Pistilfjordur in
northeastern Iceland (Amorosi 1992). In this arolf@ena, harp seal bones are present in
substantial numbers by the seventeenth centurymteay outnumbering cattle bones.
This pattern seems to reflect the sort of localtgmsive hunting activities on the sea ice
described in the passage from Arngrimur Jonss@&u @bove. Other finds of harp seal
bones in fourteenth-century contexts at Gasir ijaftyrour (Harrison 2007, Harrison et
al. 2008a), from early modern contexts at Vatndfj@talsdottir et al. 2008) from Eyri in
the West Fjords (Taylor et al. 2005, Harrison et 2008b) and from Hofstadir in
Myvatnssveit (McGovern et al. 2007) may also reflperiodic use of harp seals.
However, at present, only the Svalbard archaeofaud&ates intensive harp-seal
hunting, thus reflecting a major dietary supplenterfarming and fishing.
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Figure 5. Statue of Seemundur and the seal in fibtite University of Iceland, Reykjavik. Sculptuog
Asmundur Sveinsson. Photograph A.E.J. Ogilvie, 2008

It may be noted that seals also feature greatlyatandic folklore, perhaps a reflection of
their importance for subsistence. A well-known epéarconcerns the scholar, historian,
and priest, Seemundur fr6di, or Seemundur the Learwbd lived from 1056-1133.
According to the folk tales collected by Jon Armagh956) it is said of Seemundur that
he tricked the devil into assuming the shape c#a so that he could swim with him to
Iceland on his back. The context of the story iat tBeemundur covets a desirable
property in the south of Iceland, named Oddi, butde others. The King of Norway
decides that the man who gets there first, fromndgr shall have it. The story goes that
Seemundur tells the devil that if he can be broagihibre without him getting his cloak
wet, the devil may have his soul. When they areecto shore, Seemundur hits the seal on
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the head with a psalter, causing him to sink, et tswims to shore by himself. He gets
Oddi. A statue, completed in 1926 by the Icelarsdigiptor Asmundur Sveinsson, which
shows Seemundur smiting the devil/seal is to bedonriront of the main building of the
University of Iceland in Reykjavik (see Fig.5).

Seal Hunting in Norse Greenland

When Norse settlers arrived in West Greenland énldlte-tenth century, the Viking Age
Icelandic pattern of small-scale low-intensity spaddation was changed dramatically in
this new location. The zooarchaeological recordcaigs that the Norse Greenlanders
immediately recognized the tremendous potentiathef newly-encountered migratory
harp and hooded seal populations, as the earliesa@ological contexts dating to the
late-ninth century produce great quantities of deaile from these species. Stratified
archaeofauna tend to show a steady increase irbeaak through time, with seal-bone
relative percentages ranging from 30 to over 80%hef total archaeofauna, on both
coastal and far inland farms (McGovern 1985a, 198%dikaris and McGovern 2008).
Clearly, seals were a critical subsistence stapl&reenland, and the thirteenth-century
source noted abov@he King’'s Mirror, lists seal skins and fat among Greenlandic trade
exports. This work also contains a fascinating dpsan of known seal species, given
below:

In those waters there are also many of those spamiavhales which we have
already described. It is claimed that there aresltts of seals, too, in those seas,
and that they have a habit of following the iceifagundant food would never be
wanting there. These are the species of sealsatigatound there. Once is called
the “corse” seal; its length is never more than faells. There is another sort
called the “erken” seal, which grows to a length fofe ells or six at the very
longest. Then there is a third kind which is called “flett” seal, which grows to
about the same length as those mentioned abovee Thestill a fourth kind,
called the bearded seal, which occasionally grows tength of six ells or even
seven. In addition there are various smaller specane of which is called the
saddleback; it has this name because it does niot s the belly like other seals
but on the back or side; its length is never mbantfour ells. There remains the
smallest kind, which is called the “short seal” arginot more than two ells in
length. It has a peculiar nature; for it is repodi¢hat these seals can pass under
flat ice masses four or even five ells thick aneh ¢dow up through them;
consequently they can have large openings wherthesr want them(Larsen
trans. 1917The King’s Mirror-Speculum Regale-Konungs Skugdsia-140.)

It may be noted that an “ell” is approximately 58eB. The last seal mentioned, the
“short” seal, sounds very much like the ringed s@akording to the notes in Larsen’s

translation ofThe King’s Mirror, the “saddleback” corresponds to the harp seat Th
same source suggests that the “erken-seal” isaime @s the grey seal. The “bearded”
seal is clearlyErignathus barbatusit may be conjectured that the “corse” seal i th
common seal, and the “flett” seal is the hoodedl sea
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The biogeography of seal-migration patterns seenmave affected the Norse seal catch,
since hooded seals were commonly taken in the EaSkttlement in the far southwest
but are rare in Western Settlement archaeofauraHige 6 showing later phases of mean
seal catches). Sealing technology and hunting tqaba as well as seal biogeography
also affected the seal species taken regularlydrgéNhunters. Medieval to Early Modern
Scandinavian sealing techniques seem to have iedlutie use of seal nets, and
fragments of nets made from whale baleen have beesvered fromGarden under
Sandet(GUS) “The Farm Beneath the Sand” in the WesteettléSnent (Arneborg
pers.com.). Interestingly, a recent study of artcigrt” DNA from this farm also
corroborates the pattern seen elsewhere of a dener@ase in the ratio of seal bones to
other domestic mammals over time (Hebsgaard e2@09). Clubbing on land and on sea
ice certainly occurred, and possibly also the u$ebaat drives into net barriers
(McGovern 1985a, 1985b, KristjAnsson 1980:317-4BBnton 1978). The use of
harpoons or barbed spears so characteristic df$eal hunting technology do not appear
to have been used. However, seal harpoons areanedtin thirteenth-century sources in
Iceland, and were used in western and northerrandelvhere harp and hooded seals
were available (Orri Vésteinsson, pers.comm.).

Figure 6 Mean of identified seal species from Bastend Western Settlement archaeofauna datingdo la
phases (older collections are probably all post9]12&nly the latest phases of stratified collections
included).

The Greenland Norse apparently did not make smamti use of harpoons or ice-hunting
techniques, but concentrated instead upon madagaettd clubbing of seals on land, or
on drift ice, by coordinated groups of hunters. MWhmhuch remains to be learned about
Norse sealing in Greenland, the presence of langguats of seal bone in inland farms
may suggest the special communal nature of Noraknge(McGovern 1985a, 1985b,
McGovern et al. 2006; Smiarowski et al. 2007, Duggmet al. 2008). Analysis of
available seal dental annuli suggests a hunt cérated in spring/summer (McGovern et
al. 1996). The Norse sealing methods in Greenlaednsto have been directly adapted
from methods used to hunt common seal coloniehéneastern North Atlantic, and
stressed communal collaboration and coordinatettkston groups of seals rather than
individual hunters stalking and killing individuanimals. These strategies were well
suited to taking many of the seasonally-concerdraigyratory harp and hooded seals, as
well as taking large quantities of the familiar coon seals, and probably worked quite
effectively to provision the settlements (Dugmotele 2007). However, the communal
sealing strategies employed by the Norse were so¢fective in taking substantial
numbers of ringed or bearded seals, which ninéteetd twentieth-century catch
statistics, as well as scattered paleoeskimo aothaea, suggest were present in both
Norse settlement areas in substantial numbersdfseassion in McGovern et al. 19923,
1992hb). Any climatic cooling that would promote #aohal fast-ice formation in winter
or longer periods of stable ice in spring woulddtiém favor these species, so the shortage
of ringed and bearded seal bones in the later Narsbaeofauna probably reflects
hunting technology rather than species abundamceshort, it is likely that the high
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Arctic seal species were present in large numlme¥éking times. Certainly the complex
indented shoreline and exposure to pack ice shraitd created mosaic ice environments
on a generalized scale within the region (McGover®85a, 1985b, Gotfredsen and
Moberg 2004).

Comprehensive Greenlandic seal-catch records Trigrovide a useful picture of recent
hunting patterns by modern Greenlanders in thefornmer Norse settlement areas (Vibe
1967, McGovern 1991). These recent sealing patteonsrast with the patterns in the
Norse archaeofauna in the far larger number of edngeals taken by modern
Greenlanders, but provide a consistent biogeogecappattern in the absence of hooded
seals from the Nuuk/Western Settlement area. ToQagortoq and Narsaq districts are
heavily affected by summer drift ice carried aro@ape Farewell from East Greenland
and Denmark Strait, and as a result, common sealgesy rarely seen or hunted in these
districts. Further north, common seals are regultaken in the inner fjords of Nuuk
district (around modern Kapisillit) which are ndtezted by summer drift ice.

Figure 7. Modern catch records for Qagortoq andsalardistricts (covering the former Norse Eastern
Settlement) and the village of Kapisillit (a smaéittiement in Nuuk Fjord) in the middle of the fam
Western Settlement.

Archaeological Evidence: What the Bones Tell Us

Archaeological evidence highlighted here includeanges in the relative proportion of
seal bones from sites in the Eastern Settlemeant(ae® Fig. 8) as well as stratified seal-
bone collections from both the Eastern and WesSattlement areas (see Fig. 9). Data
are also available on the ratio of seal bonesaathin domestic mammals (cattle, sheep,
and goats) from the major chieftain’s farm at Baali® (E29a) in the Eastern Settlement,
and what is probably the second-ranking chieftaii@sn at Sandnes (W51) in the
Western Settlement (see Fig. 10). The discussitowbeonsiders whether the changes
shown are due to changes in culture, technologyliorate. Another approach to the
same question may be to compare the changingofibones of the major domesticates
for the two same sites (Fig. 11).

Fig. 8 presents the identified seal bones recovém@d the quantifiable Phases IlI-V

from the 2005-06 excavations at Brattahlid (Edveodsand McGovern 2005). Harbor
seal bones are far more prolific in the lower lgy#tan the modern catch data would
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predict, and early-thirteenth century Norse hunselsm to have taken these seals in some
numbers. Harbor seals appear to have then decéinagply in abundance between the
early- and late-thirteenth century in the substdmrattahlid N farm archaeofauna.

Figure 8. Relative proportions of identified seahbs. Phase V n= 41, Phase IV n = 44, Phase 14n=

While the scarcity of ringed seal bones in thesesbBlaeposits is almost certainly the
product of a very different seal-hunting technol@gd social organization from that of
modern Inuit Greenlanders, the presence of sulstamimbers of common seals in
earlier phases, and their reduction in later phasgesnot readily explained by

technological or social differences in the seal tetsa The observed change occurs
entirely within the Norse cultural context duringeriod of apparent cultural stability.

Common seal populations tend to be localized, airgldertainly possible that particular
pods could have been wiped out or forced to reéotatless accessible hauling-out
locations by over-exploitation. However, it would bxpected that such impacts would
have occurred earlier in the settlement processarBynd AD 1250, the Norse had been
hunting in this part of Greenland for about ninemlan generations. Understanding of
Norse natural-resource management capabilitiesepiaa by archaeologists such as
Degerbgl (1934, 1941) has been expanded by recerit m Iceland and the Faroes,
where there is growing evidence for successful camtylevel management of
seabirds, waterfowl, freshwater fishing, and comngrazing (Church et al. 2005,
McGovern et al. 2006, Simpson et al. 2002, 2003420As more has been learned
regarding Viking-Medieval Norse economy in the MoAtlantic, previous theories of
widespread heedless depletion of all forms of étcapital (e.g. McGovern et al. 1988)
are being replaced by evidence of more sophisticad@d successful resource
management (Dugmore et al. 2008). Common seal pbpos are still sustainably
hunted in several parts of Iceland today on a sewale. However, Icelandic sealing has
clearly been very different in scope from the farger Greenlandic effort, and
unanticipated consequences or unavoidable circmeessa can certainly overtake
management strategies on the local scale. A braagler the data set to include more
sites in both settlement areas may be helpfulsessng the two hypotheses (see Fig. 9).

Fig. 9 compares available stratified seal-boneectithns in both settlement areas. These
collections may be roughly sorted temporally, bgiwaarbon and stratigraphy before
versusafter the late thirteenth/early fourteenth century. he Eastern Settlement area,
both the older archaeofauna from E17a at Narsabj{hen2005-06 Brattahlio North Farm
(E29a) phased collections show similar patternalafndant common seal bones in the
earlier layers, and a sharp reduction in the latggrs. The two sites are far enough apart
that it is unlikely that both would have hunted tk@me local common seal pods,
suggesting a wide impact rather than a local depletin the Western Settlement,
collections fromGarden under Sand¢GUS), W51 Sandnes, and the small site W48 alll
continue to contain varied, but always substanéiaipunts of common seal bones both
before and after the late-thirteenth century (EfigR003, McGovern et al. 1996). The
W51 Sandnes site is close to what was the largestmon seal hauling-out and pupping
ground in this portion of Nuuk district in the eatlventieth century, and the continued

15



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

availability of common seals throughout the Norseupation at Sandnes may be another
argument in favor of successful management of comseal resources.

Figure 9. Identified seal species from stratifi@@ssin both the Eastern and Western SettlementsadB
vertical lines roughly divide archaeofauna from dvef and after the later thirteenth century in both
settlement areas. Data: Enghoff (2003); McGowtral (1993); McGoverret al. (1996).

Zooarchaeological evidence for such sea-ice impgod® farming systems is inevitably
indirect, and is complicated by local social andremic factors. However, a comparison
of two comparably-excavated midden deposits froghéi-status farms spanning the
thirteenth century sea-ice transition may suggastesdirections for further investigation.

Figure 10. A direct ratio of seal bones to the Isookthe major Norse domestic mammals (cattle, ghee
goats). Taller bar indicates more seal bones.

Fig. 10 compares the ratio of seal bones to th@mdgmestic mammals (cattle, sheep,
and goats) from the major chieftain’s farm at Bahli® (E29a) in the Eastern Settlement
and from what is likely to have been the secondiran chieftain’s farm at Sandnes
(W51) in the Western Settlement (McGovern et a@6l Smiarowski et al. 2007). While
there is some controversy regarding the securdifdation of the archaeological site
E29a with the top-ranking chieftain’s farm at Bahiid as mentioned in the written
sources (Guldager, 2002), E29 was clearly a majanan with buildings as large as
Sandnes. The E29 hall floor area was approxim&iglyg meters, and the cattle byre was
127 sq meters. The hall of Sandnes W51 was appatiyn72 sq meters and the cattle
byre was 84 sq meters (data from McGovern 199Xg kil other stratified archaeofauna
known thus far, both site collections show an iaseeof seal bones relative to domestic
mammals with time, but there would appear to beesomarked differences in the rate
and amount of increase in seal bones relative toegdic mammals at the two sites. The
Western Settlement chieftain’s farm shows a ratigmg from just over 1:1 to just under
1:2 , while the Eastern Settlement collection shawsift from around 2.5 seal bones per
domesticate bone to just over 4:1 between the #arlgenth and the fourteenth century.
If models which see seals as a secondary resogext to fill provisioning gaps left by
the farming economy and the caribou hunt are cor(BtcGovern 1985a, 1985b,
Perdikaris and McGovern 2007), these ratios mayestgdiverging solutions to the
ongoing problem of provisioning large high statesi$eholds. Were the managers of the
Eastern Settlement manor facing drift-ice probleras shared by their contemporaries
further north?

Another approach to the same question may be tpamerthe changing ratio of bones of
the major domesticates for the same two sitesKgpd 1).

Figure 11. The ratio of cattle bones to both shaeg goat (caprines) bones at Brattahlid in the dfast
Settlement and Sandnes in the Western Settlement.

The proportion of high-status cattle bones to lestatus caprines (sheep and goats
together) has often been used as a site statustodin North Atlantic zooarchaeology.
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There certainly tends to be a close associatiowdset larger farms with richer pastures
and a higher proportion of cattle bones in the sitddens (McGovern 1985a, 1985b,
1992a, 1992b, Enghoff 2003). As Fig. 11 indicatesth Sandnes W51 and Brattahlid
E29 maintained a virtually identical “high statu€reenlandic profile through the
thirteenth century, but after ca. 1300 there app&ahave been a significant shift at the
Eastern Settlement site towards sheep and goatseTpecies may have been culturally
less prestigious but required about a sixth ofwirger fodder consumed by a cow, and
could be maintained on lower quality pastures. Whiltther research needs to be done, it
appears that the challenges posed to EasternrBettleesidents at all status levels by the
sea-ice changes of the thirteenth century may $iblgiin the archaeological recofivo
hypotheses may be advanced to explain the markedition in the archaeofauna noted
above: either the stocks of common seals have tegleted in the Eastern Settlement
area due to over-hunting by Norse sealers, or; ttienate changed from warmer
conditions with little or no summer drift ice tachmatic regime with more sea ice during
the later thirteenth centurfvidence for changes in sea-ice regimes is coresideelow.

Proxy Climate Data: What the Natural and Human Archives Tell Us

North Atlantic palaeoclimate data and documentatga dthe latter mainly from Iceland)
help to cast light on past sea-ice conditions. Féwy earliest mention of sea ice in the
Icelandic annals is for the year AD 1145, but as ith an isolated account, it is difficult
to evaluate (Ogilvie, 1991). There is some furtteidence from Iceland that the latter
part of the twelfth century experienced a relagiMehrsh climate. These kinds of records
also suggest relatively cold conditions in the [E280s (Ogilvie 1991).

The King’s Mirror, noted above, and possibly written around AD 123 cribes sea ice
in Denmark Strait, but the account is tantalizimgdwse it is unclear if this is perceived
as a new or a persistent threat to navigation:

As soon as one has passed over the deepest piae otean, he will encounter
such masses of ice in the seas, that | know ofgnalef it anywhere else in all
the earth. Sometimes these ice fields are as $lat they were frozen on the sea
itself...There is more ice to the northeast andimai the land than to the south,
southwest, and west; consequently, whoever wishesake the land should sail
around it to the southwest and west, till he hamegast all those places where
ice may be looked for, and approach the land ort thde. It has frequently
happened that men have sought to make the landdoo and, as a result, have
been caught in the ice floes. Some of those whe been caught have perished;
but others have got out again, and we have met suintieese and have heard
their accounts and tales. But all those who havenbeaught in these ice drifts
have adopted the same plan: they have taken thwtl ©oats and have dragged
them up on the ice with them, and in this way haowegght to reach land; but the
ship and everything else of value had to be abaed@nd was lost. Some have
had to spend four days or five upon the ice befeaehing land, and some even
longer. (Larsen trans. 1917The King's Mirror-Speculum Regale-Konungs
Skuggsjél38-139.)
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The Icelandic annals and certain sagas suggesihadB60s and 1370s were cold on the
whole, but the time span 1395 to 1430 was probabiyiparatively mild. However, the
paucity of the data makes it very difficult to drdnard and fast conclusions based on
them. Information from these annals and sagas, e ag other written records, is
described in detail in Ogilvie (1991).

Relevant palaeoclimatic data include evidence ftanmn high-resolution marine sediment
cores from Nansen Fjord, off eastern Greenlandchvhiere collected in 1991 (Jennings
and Weiner 1996). Analyses of the cores taken slewdence of changes in
oceanographic and sea-ice conditions from c. AD 3€the present. The changes are
inferred primarily from two independent lines ofogy evidence for environmental
change. These are variations in ice-transportedigi@nd foraminifera Both types of
evidence suggest that the interval from AD 73016QLwas one of relatively warm and
stable conditions, and that there were also twd auervals that culminated in c. AD
1150 and c. AD 1370 (Jennings and Weiner 1996,v&gdt al. 2000). Ice-core records
from Greenland suggest a period of relatively l@mperatures (when normalized to a
700-year mean) ca. 1343-62 (Barlow 1994, Barloal.€1997).

Other examples of palaeoclimatic data are drawmnfr@ location in the Eastern
Settlement site, in the Igaliku fjord close to tNerse site of Gardar. Using sediment
cores collected in 1998 from both the inner andeoytart of the fjord, Jensen et al.
(2004) undertook analyses of hydrographic changdssaa-ice conditions over the past
1500 years. Currently, sea ice carried by the Easenland Current is present in the
outer part of this fjord for several months perryesoutheast of the fjord, in the Cape
Farewell (Uummannarsuaq) area, the concentratiafriftfice has usually been greatest
between February and June (Buch 2000). Jensen €084) focus on the analysis of
different species of diatoms (aquatic microorgasisfiound in the core material. As
different species flourish under different prevagltemperature and sea-ice conditions, it
is possible to deduce changes in these parameyemoting the numbers of different
types of diatoms in different sections of the cofEse analysis suggests a cold and
presumably moist climatic regime prevailing from @D 535 to 770. From then to
around AD 1245 hydrographic conditions were charded by limited sea ice and the
influence of Atlantic (warmer) water. This was ptuated by episodes of in-flow of
colder water around AD 960 and 1080. Marked hydaphic changes began around AD
1300 and culminated around 1500. Specifically, auld appear that advection of ice-
loaded Polar water by the East Greenland Curreat tine fjord entrance markedly
increased after c. AD 1300, while the ice coverafythe inner part of the fjord became
more extensive (Jensen et al. 2004). These ausiiggest that their results support the
hypothesis that one of the reasons for the losth®fNorse settlements was climatic
deterioration (Jensen et al. 2004).

A further study of the core taken at the entrantdgaliku fjord used palynofacies
analysis (changes in the abundance of various tgpesedimentary organic matter —
SOM) with the aim of reconstructing late Holoceraapo-oceanographic changes in the
North Atlantic and in Greenland coastal waters @gtia and Kuijpers, 2004). In
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particular, the presence of a variety of dinofltagel assemblages present in the core were
used to assess the palaeohydrographic conditionsgddeposition of the sediments.
Based on this evidence, it is suggested that coliitons with extensive sea ice
prevailed from 3300-1180 BP, i.e. prior to arounD® &A70. Subsequently, a period of
climatic amelioration is suggested to AD 960. Thedence of “sea-ice” diatoms
prevailing during ca. AD 1245-1680 noted in Jenseral. (2004) is paralleled by the
cooling trend from AD 1285 noted by Roncaglia andjpers (2004). On the basis of this
evidence, more than 6 months of sea-ice cover @arwould be expected in the Igaliku
fjord area after c. AD 1300 (Roncaglia and Kuijpe&d804). In a parallel study to that of
Jensen et al (2004) and Roncaglia and Kuijpers4R00assen et al. (2004) analysed
foraminiferafauna from the outer part of Igaliku fjord. Thegncluded that intensified
wind stress and overall environmental changes neae ltontributed to the loss of the
Norse settlement in Greenland. It is interestingdte a comment in the Icelandic Annals
for the year 1287: “At this time, many severe wiateame at once, and following them
people died of hunger” (Ogilvie 1991).

A study of Holocene environmental changes in ara a@mewhat to the north of the
Eastern settlement area, in central west Greenlaas,begun in the year 2000 with the
aim of understanding their relationship to largakscNorth Atlantic atmosphere and
ocean circulation changes (Moros et al. 2006). thaz study, diatom and lithological
analyses were carried out on two sediment core® filee Disko Bugt area and the
adjacent Kangersuneq Fjord. The authors found ndeege for a marked warming
during the traditionally dated “Medieval Warm Pefian the Disko Bugt core. Indeed,
the period of 1.7 to 0.7 kyr BP appeared to inclidecoldest period overall of the entire
investigated period. Clearly, in the Greenland orgias elsewhere, climatic anomalies
are characterized by complex patterns (Moros €04l6). However, evidence was found
for a possible link between hydrographic (sea-idednges and human settlement and
hunting history. In particular, it is suggestedtttfze period of the Saggaq settlement
(4.4.-3.4 kyr BP) was characterized by relativelghhsea-surface temperature (SST)
conditions, which was favorable for these peoplapwere preferentially open-water
hunters (Meldgaard 2004). In contrast, the Dorgstpfe (2.8-2.1. kyr BP) were more
adapted to sea-ice hunting. The oldest era ofdhiire is suggested to be coincident
with low SST conditions and a more extended se@ower in Disko Bay.

Two marine-based proxy records from northern lagl@fristjansdottir 2005) and from
northwestern Iceland (Dietrich et al. 2004, 200%)vg great variability in the sea-ice and
climate record, with a general gradual cooling otrex past 1000 years to the present
(northern Iceland ) and a mild period peaking acod 850 with gradual cooling to
around AD 1600 (northwestern Iceland) respectivElyr a longer-term perspective on
sea-ice variations see Andrews et al. (2009).

Discussion: Potential Impacts of Summer Drift Icein Greenland
The most immediate impacts of the onset of regslanmer drift ice adjacent to the

Eastern settlement area would have been on thetimmarcomponents of the Norse
economy; local and international seafaring and tnaei subsistence activities. Norse
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sealing parties would clearly have been affectethbydisruption of established common
seal colonies. By around the mid-thirteenth centthigse may well have been formally
owned and communally regulated. The “DescriptionGeéenland” according to Ivar
Béardarson, noted above, although problematic emrdedts sea-ice description, may well
give an accurate picture of conditions in Norsee@land in the second half of the
fourteenth century when it is written that the tggko fishing and hunting grounds were
owned by the large land owners (Jonsson 1930, étsdodn 1978). The multiple
problems and hazards imposed on small boat traffimcreasingly ice-filled waters
would also have impacted hunting activities. Afgerytn seasonal sealing expeditions and
the long-distance voyaging to the northern hunggngunds around modern Disko Bay
(McGovern 1984, Perdikaris and McGovern 2007), moicthe daily travels of farmers
along the steep-sided fjords within the core sektlet areas would have been carried out
by boat, and some farms are extremely difficultetach on foot. As a comparison it may
be noted that, in the present day, summer drift&ecompletely block access to coastal
settlements even by modern steel-hulled ships éenfthmer Eastern Settlement area,
cutting off communities for weeks at a time.

It is not certain if the Norse Greenlanders evesspssed locally-owned ocean going
ships. However, if they did, there certainly wolldve been none in existence by the
thirteenth century, as local wood and driftwood Idonot support the construction of a
vessel larger than the “six-oared boats” describgtle written sources as being used for
voyages within Greenland (probably similar in sérel cargo capacity to the Shetlandic
sixern discussed in McGovern (1984). It has also beguneat by Kristjansson (1965)
that the settlers could have made the initial vegagn 10- and 12-oared boats. These are
“ocean going” in the sense that they were usedstodff the east coast of Greenland in
early modern times. They were comparatively thifida) clinker-built, open wooden
boats, and were probably some of the most valualié difficult to replace) possessions
of the Norse Greenlanders. Trans-Atlantic trade wasied by larger cargo ships and
was organized by the Norwegian kings who maintaiascbmmercial monopolyThe
Kings Mirror describes the trade:

But in Greenland it is this way, as you probablywknthat whatever comes from
other lands is high in price, for this land lies distant from other countries that
men seldom visit it. And everything that is neeetnprove the land must be
purchased abroad, both iron and all the timber useduilding houses. In return

for their wares the merchants bring back the follgyvproducts: buckskin, or

hides, sealskins, and rope of the kind that weethiibout earlier which is called

leather rope and is cut from the fish called wajrasd also the teeth of the
walrus. (Larsen trans. 1917The King's Mirror-Speculum Regale-Konungs
Skuggsjél4?2).

Summer drift ice in the eighteenth and nineteemhturies greatly affected European
contacts with Greenland, with whalers and earlylengos generally avoiding the ice-
filled fjords of the southwest coast. The relatiaek of summer drift ice in the former
Western Settlement area facilitated the establishnoé a mission in 1721 by the
Norwegian Hans Egede (1686-1758). Egede had hapédd the lost Norse colonies.
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When he did not, he began to work among the IAnt.interesting aside is that, in

translating the Lord’s Prayer he judged that “Gingethis day our daily bread” was best
rendered as “Give us this day our daily common "seafjede also founded the

administrative capital of colonial and modern Gtaed in the outer fjords of the former

Western Settlement at Godthab (now Nuuk) well noftthe summer sea-ice limit.

For the Norse Greenlanders, the religious, admatige, and economic heart of their
settlement was established early in the BrattaHlidlsey-Gardar area, where the
Bishop’s manor and major chiefly farms were locatedone today often impacted by
the summer ice. The marine impacts of the onseegidlar summer drift ice were not
fatal; the last contemporary written record recoegdoverseas contact dates to 1408 (see
Fig. 12) and radiocarbon evidence suggests theBaSettlement survived into the mid-
fifteenth century (Arneborg, 1996, 2000). Howewerchange in summer ice conditions
certainly would have imposed additional costs aadahds on both local and trans-
Atlantic travel as well as displacing common seagyations.

Figure 12. The ruin of Hvalsey church in the Eastgettlement (located near modern-day Qagortoc. Th
last written record giving contemporary informatiooncerning the Greenland Norse is to be foundhin a
entry in thelcelandic Annalsfor 1408. This documents the wedding of SigridyorBsdéttir and
Thorsteinn Olafsson, both from Iceland, on 16 Smpir 1408 at Hvalsey. Photograph A.E.J. Ogilvie,
2008.

Since grain growing was probably never economicaiiple in Norse Greenland, the
pastoral farming economy based upon herding ofecatheep, goats, horses, and (a few)
pigs (the latter fed with marine food — Arneborgrg comm.) ultimately depended upon
the productivity of pasture vegetation (Amorosiadt 1998). Pasture productivity is
affected by multiple variables, including soil nemt levels and exposure, but
temperature (both annual and within the summer grgveeason) and soil moisture
levels have been demonstrated to be the mostatrfaictors (Jakobsen 1987, Jakobsen

21



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

1991, Adderley and Simpson 2006). For further dismn of soils in southwestern

Greenland, see also Rutherford 1995. The terregicasystem would also have been
significantly affected by summer drift ice. The égpaphy of much of the Eastern
Settlement is marked by steep-sided fjord systeiitis most level pasture areas often
close to the shore, creating special vulneratslite drift ice cooling effects. Sea ice
reduces ground-level temperature on shore wherppeas in significant amounts,

depressing pasture growth and productivity wheappears during the short summer
growing season. Such impacts have been widespneadrihern Iceland when summer
sea ice has arrived close in to the shore (Fridoksl969, Ogilvie 2005, 2008). The late-
sixteenth century account by Oddur Einarsson, nabede, makes this point eloquently.

It makes a great difference at what time of yearite comes. In the autumn, and
at the time of winter solstice, when the frost Alsady got into the ground and
there is snow cover, its presence does less daniBageduring the spring and
summer, when the weather is becoming milder, théniariably brings disaster
with it, because that is when it has the greatestqr and the grass is most
adversely affected. The northerners are thus farse®ff than the southerners
who never see this ice..(Oddur EinarssoQualiscunque descriptio Islandiae
1593, trans. Ogilvie 2005:272).

Summary

Research currently underway in the Eastern Settleraea by interdisciplinary teams
coordinated by the Danish National Museum in coafp@n with the National Greenland
Museum and Archives (Nuuk) will soon expand ourenstinding of patterns of Norse
settlement and subsistence, human impacts, anclatsate impacts, in this region in the
near future. In the meantime, the data currentijlable suggest that something occurred
to change Norse hunters’ access to common sedlseidatter half of the thirteenth
century in several parts of the Eastern Settlentmritnot in the Western Settlement area.
On the whole, the palaeoclimatic records noted aliewd to support a mid- to late-
thirteenth century transition point from a largefyen water summer marine environment
in Denmark Strait. Thus, at present, the most yikeypothesis for changes in seal-
hunting patterns seems to be the influence of ¢émzhange and a transition to
conditions of increased summer drift ice.

Acknowledgements

Astrid Ogilvie acknowledges support from the Na#ibrScience Foundation for the
SYNICE project (0629500)We also acknowledge support from: the CUNY Doctoral
Program in Anthropology; the CUNY Northern Scienmed Education Center; the
Greenlandic Museum and Archives; the Danish Natidhaseum; the Myvatn Research
Station; the Leverhulme Trust Program “Landscapesim-Landndm”; the NSF REU
program (Grant OPP 402900001); the NSF “LandscapeSettlement” Project (BCS
0001026); and IPY NABO Human Ecodynamics projecPRO0732327). We thank
Kerry-Anne Mairs who drew the map in Figure 1, akatly Casely for facilitating the

22



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

use of this map. This paper is a product of thetiNétlantic Biocultural Organization
(NABO) research cooperative.

Literature Cited

Adderley, W.P., and I.A. Simpson. 2006. Soils amatheo-climate based evidence for
irrigation requirements in Norse Greenland. JouwfaArchaeological Science
33: 1666-1679.

Amorosi, T. 1992. Climate impact and human respoimseNortheast Iceland:
archaeological investigations at Svalbard, 19863198 C.D. Morris and D.J.
Rackham (Eds.). Norse and Later Settlement andiSabse in the North
Atlantic. University of Glasgow, Glasgow:33-41.

Amorosi, T. 1996. Zooarchaeology and Gobal Chamgéceland. Unpublished PhD
dissertation. Hunter College, CUNY.

Amorosi, T., P.C. Buckland, K.J. Edwards, I.L. Maimd, T.H. McGovern, J.P. Sadler
and P. Skidmore. 1998. They did not live by grakme the politics and
palaeoecology of animal fodder in the North Atlantegion Environmental
Archaeology 1:55-62.

Amundsen, C.P. 200Early medieval fishing activity in the Kola Penitsuln A.F.
Guzman, 0O.J. Polaco and F.J.Aguilar (Eds.) Presehtee Archaeoichthyology
in Mexico. Proceedings of the 12th meeting of tieh Remains Working Group
of the International Council for Archaeozoology. d8alajara, Jalisco, Mexico 4-
12 September 2003:11-18.

Andrews, J.T., D. Darby, D.Eberle, A.E. Jennings,Mlbros and A.E.J.Ogilvie. 2009. A
robust, multisite Holocene history of drift ice afbrthern Iceland: implications
for North Atlantic climate. The Holocene, 19, 1:71-

Armit, 1. 1996. The Archaeology of Skye and the Yées Isles. University of Edinburgh
Publications, Edinburgh.

Arnason, Jon. 1956. islenzkar pjodstgur og sevensjidtgafa (vols. 1-2); Nytt safn
(vols. 3-6). In Arni Bodvarsson and Bjarni Vilhjadimsson (Eds.). \@Is.
Bokautgafan bjédsaga, Reykjavik.

Arneborg, J. 1996. Burgunderhuer, baskere og dedgboer i Herjolfsnaes, Grgnland.
[Burgundian caps, Basques and dead Norsemen avlidezs, Greenland]. Pp.
75-83,In S. Hvass (Ed.). Nationalmuseets Arbeidsmark 1986oNal Museum,
Copenhagen, Denmark, 219pp.

Arneborg, J. 2000. Greenland and EurdpeW.W. Fitzhugh and E.I. Ward, E.I. (Eds.).
Vikings: the North Atlantic Saga. Smithsonian Ihgibn Press, Washington and
London: 281-284.

Arneborg, J., J. Heinemeier, N. Lynnerup, H.L. &g, N. Rud, and Ay E
Sveinbjornsdéttir. 1999. Change of diet of the @laed Vikings determined
from stable carbon isotope analysis and C14 daifnipeir bones. Radiocarbon
41:157-168.

Barlow, L.K. 1994. Evaluation of Seasonal to Ded¢ddlzale Deuterium and Deuterium
Excess Signals, GISP2 Ice Core, Summit, Greenl&ia, 1270-1985. PhD
dissertation. University of Colorado, Boulder.

23



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

Barlow, L.K., J.P. Sadler, A.E.J. Ogilvie, P.C. Rlamd, T. Amorosi, J.H.
Ingimundarson, P. Skidmore, A.J. Dugmore and T.HcGdvern. 1997.
Interdisciplinary investigations of the end of tNerse Western Settlement in
Greenland. The Holocene 7:489-499.

Benediktsson, Jon (Ed.) 1950. Arngrimi Jonse Opea#ine Conscripta, Vol lIn
Helgason, Jon (Ed.) Bibliotheca Arnamagnaeana, Wl.Ejnar Munksgaard,
Copenhagen.

Benediktsson, Jon (Ed.) 1968. islendingabok. Landhbidk. islenzk fornrit I, Hid
islenzka fornritafélag, Reykjavik, 525 pp.

Bergthorsson, Pall 1969. An estimate of drift iced demperature in Iceland in 1000
years. JOkull 19: 95-101.

Bigg, M. 1981. Harbour Sealn Ridgway, S., and Harrison, R. (Eds.). Handbook of
Marine Mammals: Volume 2 Seals. Academic Pressdbari-27.

Buch, E. 2000. A monograph on the physical oceapgr of the Greenland waters.
Danish Meteorological Institute Scientific Repo@:02:1-104.

Church, M.J., S.V. Arge, S. Brewington, T.H. McGoveJ.M. Woollett, S. Perdikaris,
I.T. Lawson, G.T. Cook, C. Amundsen, R. Harrison, Kfivogorskaya and E.
Dunbar. 2005. Puffins, pigs, cod, and barley: Rateaomy at Undir
Junkarinsflgtti, Sandoy, Faroe Islands. EnvironmleAtchaeology 10:179-197.

Clark, J.G.D. 1946. Seal-hunting in the Stone Af@ath-western Europe: a study in
economic prehistory. Proc. Prehist. Soc. 2:12-48.

Degerbgl, M. 1934. Animal bones from the Norse suit Brattahlid. Meddelelser om
Grgnland 88:149-155.

Degerbgl, M. 1941. The osseous material from Austradal and Tungmeralik.
Meddelelser om Grgnland 89:345-354.

Deitrich, K.A., W.P. Patterson, J.T. Andrews, AZennings and A.E.J. Ogilvie. 2004.
Quantitative reconstructions of near-shore enviremis over the last 2000 years
in Vestfirdir, northern Iceland: Evidence from highsolution stable isotope
analyses of molluscsin 34th International Arctic Workshop, Program with
Abstracts. INSTAAR, Boulder, Colorado, 10-13 Mag&f04:47-49.

Deitrich, K.A., W.P. Patterson, J.T. Andrews, AZennings and A.E.J. Ogilvie. 2005.
Quantitative reconstructions of near-shore enviremis over the last 2000 years
in Vestfirdir, NW Iceland: evidence from high-restbn stable isotope analyses
of molluscs.In 35" International Arctic Workshop, Program with Absts
University of Alberta, Edmonton, Alberta, Canadd,@March, 2005.

Dugmore, AJ., C. Keller, and T.H. McGovern. 20&R&flections on climate change,
trade, and the contrasting fates of human settlesnerthe North Atlantic islands.
Arctic Anthropology44(1):12-37.

Dugmore, A.J., C. Keller, T.H. McGovern, A.F. Caselnd Smiarowski, K. 2008. Norse
Greenland settlement and limits to adaptatibm. A. Wawn (Ed.). Social
Resilience and Limits to Adaptation. Cambridge @nsity Press, Cambridge. In
press.

Edvardsson, Ragnar, and T.H. McGovern. 2005. Awlogé&al excavations at
Vatnsfjorour 2003-04. Archaeologica Islandica 4:316

Einarsson, Oddur 1971. islandslysing. Qualiscundescription Islandize. Introduction
by Jon Benediktsson. Bokautgafa Menningarsjodskjaeik.

24



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

Enghoff, I. B. 2003. Hunting, fishing, and animalshandry at the Farm Beneath the
Sand, Western Greenland: an archaeozoological sisady a Norse farm in the
Western Settlement. Meddelelser om Grgnland. Maml &ociety 28,
Copenhagen.

Fenton, A. 1978. The Northern Isles: Orkney andl&hd. John Donald Publishers.

Fridriksson, Sturla 1969. The effects of sea icélama, fauna and agriculture. Jokull 19:
146-57.

Gearheard, S., W. Matumeak, I. Angutikjuag, J. Mai, J., H.P. Huntington, J. Leavitt,
D. Matuemeak Kagac, G. Tigullarag, and R.G.Barr@0& “It's Not That
Simple™: A collaborative comparison of sea ice eomments, their uses,
observed changes, and adaptations in Barrow, Alddi# and Clyde River,
Nunavut, Canada. Ambio 35 (4):204-212.

Godtfredsen, A. B. and T. Mgberg, T. 2004. Nipisa Saqgaq culture site in Sisimiut,
Central West Greenland. Meddelelser om Grgnland Mad Society 31.
Copenhagen.

Gudmundar saga biskups Arasonar 1878. In Biskugar3g 5.

Guldager, O. 2002. Brattahlid reconsidered. Sonweights on the social structure of
medieval Norse Greenland, and the location of Bréitl. Archaeologia Islandica
2:74 - 97.

Hakluyt's Voyages 1928. Vol. 1 of the Foreign Vogagand Vol. 9 of the Principal
Navigations. First published 1598. London, Toromew York.

Halldorsson, O. 1978. Graenland i midaldaritum. $#gg, Reykjavik.

Harkonen, T., S. Brasseur, J. Teilmann, C. VincBntDeitz, K. Abt and P. Reijnerds.
Status of grey seals along mainland Europe from siethwestern Baltic to
France. NAMMCO Scientific Publications Vol. 6: 583-6

Harrison, R. The medieval trading station at G&syafjorour, N Iceland: Interim Report
of faunal analysis from the 2006 Excavations. NORSEb report # 30In
Excavations at Gasir 2006: An Interim Report/Framuskyrsla. Lilja Bjork
Péalsdottir and Howell Roberts (Eaesds). FS355 -00,0ddly 2007, Reykjavik,
Iceland.

Harrison, R., H.M. Roberts, and W.P. Adderley. 2008asir in Eyjafjérour:
International Exchange and Local Economy in Medi¢saland. 2008. Journal of
the North Atlantic 1 (1):99-119. Publisher: Eagl#l Houndation.

Harrison, R., M. Hicks, P. Colligan, and A. Schein2008b. Preliminary Assessment of
the faunal remains from the 2007 Midden Excavatiofyri, Westfjords, NW
Iceland. May 2008, NORSEC lab report 42., CUNY, Néovk.

Hebsgaard, M.B., M. Thomas P. Gilbert, J. Arnebd?g,Heyn, M.E. Allentoft, M.
Bunce, K. Munch, C. Schweger, and E. WillersleM\020‘The Farm Beneath the
Sand” — and archaeological case study on ancieint’ “ONA. Antiquity 83
(2009): 430-444.

Holtsmark, A. 1956-78. Kongespeillitteratur. Kuhistorisk Leksikon for Nordisk
Middelalder 9, Rosenkilde og Bagger, Copenhagdn£de68.

Huntington, H.P. and S.E. Moore, S.E. eds. 2008e8sing the impacts of Arctic change
on marine mammals. Ecological Applications 18, Jaiment Arctic Marine
Mammals. March 2008, S1-S2.

25



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

Jakobsen, N.K. 1987. Studies on soils and potefatiadoil erosion in the sheep farming
area of South Greenland. Journal of Artic and AdpgResearch 19: 498-507.

Jakobsen, B.H. 1991. Soil resources and soil amosiothe Norse settlement area of
@sterbygden in Southern Greenland. Acta Boreal&6168.

Jennings A.E., and N.J. Weiner, N.J. Environmedhange in eastern Greenland during
the last 1300 years: evidence from foraminifera Bihdfacies in Nansen Fjord
68N. The Holocene 6 (2):179-191.

Jensen, K.G., A. Kuijpers, A., N. Koc, and J. Hemeger. 2004. Diatom evidence of
hydrographic changes and ice conditions in lgaligord, South Greenland,
during the past 1500 years. The Holocene 14 (2)16R

Jonsson, Finnur, (Ed.) 1930. Det gamle Grgnland&rbelse af ivar Bardarson (lvar
Bardsson). Udgiven efter handskriftene, Copenhagen.

Jonsson, Finnur, (Ed.) 1920. Konungs Skuggsja 3peclRegale, Udgivet efter
handskriftene af det kongelige nordiske oldskrifisab, Copenhagen.

King, J. 1983. Seals of the World. Comstock Pulrtigliissociates, Ithaca, New York.

Kristjansdottir, Greta Bjork 2005. Holocene ChangesClimate, Environment, and
Ocean Reservoir Age on the Iceland Shelf. PhD sh&spartment of Geological
Sciences and INSTAAR, University of Colorado, Barld

Kristjansson, Ladvik. 1965. Greenlenzki landnematflotog breidfirzki baturinn. Arbok
Hins islenzka fornleifafélags 1964 (1965):20-68.

Kristjansson, Ludvik 1980. islenzkir sjavarheettit Bokaltgafa Menningarsjéds,
Reykjavik.

Larson, L.M. (Trans.) 1917. The King’s Mirror (Spiem Regale-Konungs Skuggsja).
Translated from the Old Norse with introduction arades by Laurence Marcellus
Larson. Twayne Publishers, Inc., The American-Scewikn Foundation, New
York.

Lassen, S.J., A. Kuijpers, H. Kunzendorf, G. Hoffm\&ieck, N. Mikkelsen, and P.
Konradi. 2004. Late-Holocene Atlantic bottom-watariability in Igaliku Fjord,
South Greenland, reconstructed from foraminiferanés. The Holocene 14
(2):165-171.

Lynnerup, N. 1996. Paleodemography of the GreenNmige. Arctic Anthropology, 33,
No.2, 122-136.

McGovern, T.H. 1981. The economics of extinctionNiorse Greenlandin T.M.L
Wigley, M.J. Ingram, and G. Farmer (Eds.). Climatel History. Studies in Past
Climates and their Impact on Man. Cambridge UniteRress, Cambridge:404-
433.

McGovern, T.H. 1984. From zooarchaeology to palenemy: a case from Norse
Greenland, MASCA Journal 3(2):36-40.

McGovern, T.H. 1985a. The arctic frontier of NoiGeeenland.In S. Green, and S.
Perlman (Eds.). The Archaeology of Frontiers andri®aries Academic Press,
New York, 275-323.

McGovern, T.H. 1985b. Contributions to the Paleoeroy of Norse Greenland. Acta
Archaeologica 54:73-122.

McGovern, T.H., G.F. Bigelow, T. Amorosi, and D. $3ell. 1988. Northern islands,
human error, and environmental degradation: ampnediry model for social and
ecological change in the medieval North Atlantianian Ecology 16(3):45-105.

26



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

McGovern, T.H. 1991. Climate, correlation, and edias in Norse Greenland. Arctic
Anthropology 28(2):77-100.

McGovern, T.H. 1992a. Bones, buildings, and bouedaPaleoeconomic approaches to
Norse Greenlandin C.D. Morris, and J. Rackham (Eds.). Norse and rLate
Settlement and Subsistence in the North Atlar@tasgow University Press,
Glasgow:157-186.

McGovern, T.H. 1992b. Zooarchaeology of the Vatmafivin C.L. Vebaek (Ed.).
“Vatnahverfi”, Meddelelser om Grgnland Man and &bel7:93-107.

McGovern, T.H., G.F.Bigelow, T. Amorosi, J.M. WotileS. and Perdikaris. 1993.
Animal bones from El7at Narsatn C.L Vebaek (Ed.). “Narsaq- A Norse
Landnama Farm”, Meddelelser om Grgnland, Man aruie8018:134-147.

McGovern T.H., T. Amorosi, S. Perdikaris, and J\Wbollett. 1996. Zooarchaeology of
Sandnes V51: economic change at a chieftain’s fariwest GreenlandArctic
Anthropology 33(2):94-122

McGovern, T.H., S. Perdikaris, and C.Tinsley. 20Bdéonomy of landnam: the evidence
of zooarchaeologyin A. Wawn and Poérunn Sigurdardéttir (Eds.). Appreecto
Vinland. Sigurdur Nordal Institute Studies 4, Reykk:154-165.

McGovern, T.H., S. Perdikaris, A Einarsson, andidlell. 2006. Coastal connections,
local fishing, and sustainable egg harvesting,epast of Viking age inland wild
resource use in Myvatn District, northern IcelaBghvironmental Archaeology
11(1): 102-128.

McGovern T.H., K. Smiarowski, and Albina Palsdo6t@006. Preliminary report of a
medieval Norse archaeofauna from Brattahlio NortlrnF (KNK2629)
Qassiarsuk, Greenland. NORSEC Laboratory Reports 34
(xweb.geosed.ac.uk/~nabo/publications/labreports/norsec).

McGovern, T.H., O. Vésteinsson, A. Fridriksson, MQhurch, I.T. Lawson, IL.A.
Simpson, A Einarsson, A.J. Dugmore, G.T. Cook, &diRaris, K.J. Edwards,
A.M. Thomson, W.P. Adderley, A.J. Newton, G. Luc&agnar Edvardsson,
Oskar Aldred, and E. Dunbar. 2007. Settlementasesility, and environmental
catastrophe in Northern Iceland. American Anthrogat 109 (1):27-51.

Meldgaard, M. 1995. Resource pulses in a maring@mwent: a case study from Disko
Bugt, West Greenlandn A. Fisher, A. (Ed.). Man and Sea in the Mesolithic
Oxbow Books:361-68.

Meldgaard, M. 2004. Ancient harp seal hunters agkDiBay. Subsistence and settlement
at the Saqgaq culture site Qeqertasussuk (2400-BDP West Greenland.
Meddelelser om Grgnland, Man and Society 30, 189 p

Moros, M., Jensen, K.G., Kuijpers, A. 2006. Midiate Holocene hydrological and
climatic variability in Disko Bugt, central West &mnland.The Holocenel6
(3):357-367

Murray, M. 2005. Prehistoric use of ringed sealgoaarchaeological study from Arctic
Canada. Environmental Archaeology 10(1):34-62.

Ogilvie, A.E.J. 1984. The past climate and seargm®rd from Iceland. Part 1. Data to
AD 1780. Climatic Change 6:131-152.

Ogilvie, A.E.J. 1991. Climatic changes in IcelandAc. 1500 to 1598n G.F. Bigelow
(Presentor). The Norse of the North Atlantic. Aét@haeologica Vol. 61-1900.
Munksgaard, Copenhagen:233-251.

27



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

Ogilvie, A.E.J. 1992. Documentary evidence for demin the climate of Iceland, A.D.
1500 to 1800In R.S. Bradley, and P.D. Jones, P.D. (Eds.). Clinkatee A. D.
1500, Routledge, London and New York:92-117.

Ogilvie, A.E.J. 1998. Historical accounts of weatheents and related matters in Iceland
and Greenland, A.D. c. 1250 to 1430.B. Frenzel (Ed.). Documentary Climatic
Evidence for 1750-1850 and the 14th century. Péil&akorschung 23, Special
Issue: ESF Project “European Palaeoclimate and Mé#&n”European Science
Foundation,Strasbourg, Akademie der Wissenschalfitehder Literatur, Mainz,
25-43.

Ogilvie, A.E.J. 2005. Local knowledge and travedletales: A selection of climatic
observations in Icelandn C. Caseldine, A. Russell, J. Hardardaottir, and O.
Knudsen. Iceland — Modern Processes and Past Enwvinats, Developments in
Quaternary Science 5. Series Editor Jim Rose. EiseXAmsterdam-Boston-
Heidelberg-London:257-287.

Ogilvie, A.E.J. 2008. Bref syslumanna til stiftanaims og amtmanns: Environmental
images of nineteenth-century Iceland from officlatters written by district
sheriffs.In M. Wells (Ed.). The Discovery of Nineteenth Cegt@candinavia as
Reflected in Travel-Writing, Essays, Letters andctibn Written by
Scandinavians and Others. Norvik Press, Norwich.

Ogilvie, A.E.J. and Ingibjorg Jonsdéttir. 2000. Ses, climate and Icelandic fisheries in
historical times. Arctic 53 (4):383-394.

Ogilvie, A.E.J., and Trausti Jonsson. 2001. “ldttice Age” research: A perspective
from Iceland’. Climatic Change 48:9-52.

Ogilvie, A.E.J., L.K. Barlow and A.E. Jennings. POONorth Atlantic climate c. AD
1000: Millennial reflections on the Viking discoves of Iceland, Greenland and
North America. Weather 55:34-45.

Péalsdottir, A. H., M.E. Gorsline, and T.H. McGover@008. Archaeofauna from
Vatnsfjorour, Westfjords, Iceland — Interim repde003-2007. May 2008.
NORSEC lab report 43., CUNY, New York

Perdikaris, S. and T.H. McGovern. 2007. Walrus, fisld, and chieftains: Intensification
in the Norse North Atlantidn T.L. Thurston and C.T. Fisher (Eds.). Seeking A
Richer Harvest: The Archaeology of Subsistencenbifecation, Innovation, and
Change. Springer Science and Business Media, New Y¥38-216.

Perdikaris, S., and T.H. McGovern. 2008. Codfisld &mgs, seals and subsistence:
Norse marine resource use in the North AtlanticT. Rick, and J. Erlandson
(Eds.). Human Impacts on Marine Environments. Ur&ss Historical Ecology
Series, 157-190.

Riedman, M. 1990. The Pinnipeds: Seals, Sea Liansl, Walruses. University of
California Press, Oxford.

Ridgway, S.H. and R.J. Harrison (Eds.). 1981. Hao#bof Marine Mammals, vol. 2:
Seals, Academic Press Inc., Ltd, London.

Roncaglia, L., and A. Kuijpers. 2004. Palynofaciasalysis and organic-walled
dinoflagellate cysts in late Holocene sedimentsmfrégaliku Fjord, South
Greenland. The Holocene 14 (2):172-184.

Rutherford, G.K. 1995. Soils of some Norse setti@isien Southwestern Greenland.
Arctic 48 (4):324-328.

28



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

Sergeant, D.E. 1991. Harp Seals, Man and Ice. Gamafipecial Publications of
Fisheries and Aquatic Sciences no. 114. Springethétlands.

Sigmarsson, Einar. 2003. Glimt vid gamla gatu. Heer hofundur Qualiscunque
description Islandise? (Taking another look at ahradle: Who is the author of
Qualiscunque description Islandiee?) Saga XLI 1133-

Simpson, I.A., W.P. Adderley, G. Gudmundsson, Mlgdittir, M.A. Sigurgeirsson, and
M. Sneesdattir. 2002. Land management for surplasngoroduction in early
Iceland. Human Ecology 30:423-443.

Simpson, I. A., O. Vésteinsson, W.P. Adderley, dnd. McGovern, T.H. 2003. Fuel
resources in landscapes of settlement. Journal roha&ological Science 30:
1401-1420.

Simpson, I. A., G. Gudmundsson, A.M. Thomson, ar@dldett. 2004. Assessing the role
of winter grazing in historic land degradation, Mgnssveit, northeast Iceland.
Geoarchaeology 19:471-503.

Smiarowski, K., Albina Palsdéttir, and T.H. McGoweR007. Preliminary assessment
report of the archaeofauna from KNK 203 (E 74), @9¢ Farm in the Eastern
Settlement, Greenland. NORSEC Laboratory Report 39
(xweb.geosed.ac.uk/~nabo/publications/labreports/norsec/N@3SEZ4PrelimZo
oarchAssessment.pdf)

Stord, J. 2002. Seal hunting on Ajvide. A taphorostiidy of seal remains from a pitted
ware culture site on Gotlanth G. Burenhult, G. (Ed.). Remote Sensing. Applied
techniques for the study of cultural resources #edlocalization, identification
and documentation of sub-surface prehistoric resmanSwedish archaeology.
1984/1997/2002. Volume II: Archaeological investigas, remote sensing case
studies and osteo-anthropological studies. Depattmef Archaeology,
Stockholm University, Stockholm, 387-428.

Stroeve, J., M.M. Holland, W. Meier, W., T. Scambasd M.C. Serreze. 2007. Arctic
sea ice declines faster than forecast. GeophyBeakarch Letters, 34 L09501,
doi: 10.1029/2007GL029703, 2007.

Stroeve, J., M. Serreze, S. Drobot, S. Gearhearill. Molland, J. Maslanik, W. Meier,
and T. Scambos. 2008. Arctic sea ice plummets @7 2B0S, 89, 2, 13-14.
Taylor, J.T. et al. 2005. Continued Excavations taé Farm Mound at Eyri,

isafjoréur:Excavation report, FS267-03232, FSI, IBayik, Iceland.

Vibe, C. 1967. Arctic animals in relation to clinwatfluctuations. Meddelelser om
Grgnland 17(b).

Wadhams, P. 2000ce in the Ocean. Gordon and Breach Publicationadbn, 364pp.

Woollett, J. 1997. Feasts of winter: zooarchaealagperspectives on Labrador Inuit
subsistence during the contact peridd. M.A.P. Renouf, M.A.P. (Ed.).
Proceedings of the North Atlantic Biocultural Orgaation Conference. A
Summit of the Sea Conference for the Cabot 500 bZafiens. St. John’s,
Newfoundland, May 1997.

Woollett, J. M. 1999. Living in the narrows: Laboadnuit subsistence in Hamilton Inlet.
World Archaeology 31 (1):370-387.

Woollett, J. M. 2003. An Historical Ecology of Lalor Inuit Culture Change. Ph.D.
dissertation. Dept. of Anthropology, The Graduatbdl| and University Center,
City University of New York.

29



Oqgilvie et al., 2009 In Press fdournal of the North Atlantic

Woollett, J. M., A. Henshaw, and C. Wake. 2000.aPaé&cological implications of
archaeological seal bone assemblages: case stuwdmsLabrador and Baffin
Island, Arctic 53(4):395-413.

Woollett,J. M. 2007. Labrador Inuit subsistence in the candé environmental change:
an initial landscape history perspective. Ameridauthropologist 109(1): 69-84.

30



