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Early stages of the investigations at Hofstaðir directed by the Archaeological
Institute Iceland revealed that substantial amounts of well-preserved animal bone
were present in contexts throughout the site, with a major concentration in the fill
of the large sunken featured structure G. The site directors kindly involved the
NABO zooarchaeologists (led through various seasons by Tom McGovern and
Sophia Perdikaris), and the zooarchaeology team was able to participate directly
in the field excavations from 1996 onwards. The modern open area excavation of
this major Viking Age hall and its associated buildings offered a unique
opportunity for North Atlantic zooarchaeology, allowing comparisons of bone
assemblages from fully excavated middens and structures and the combination
of horizontal and vertical stratigraphic perspectives on the interpretation of site
formation processes. The close cooperation between excavators and specialists
continued from fieldwork through post-excavation analysis, and has
unquestionably improved the quality of this report.

The analysis and interpretation of the Hofstaðir archaeofauna has also greatly
benefited from comparative zooarchaeological evidence from contemporary
nearby sites in the Mývatn area (Mývatnssveit) carried out under the larger
Landscapes of Settlement project, and this analysis will make use of comparative
zooarchaeological data from the contemporary sites of Sveigakot (SVK) and
Hrísheimar (HRH). Both of these sites are on the southern side of the Mývatn
basin, near the present boundary of the interior erosion desert. Both were settled
before Hofstaðir, with cultural deposits directly upon the AD 871+/-2 Landnám
tephra. Sveigakot appears to have been initially a relatively low status site which
achieved modest prosperity in the mid-10th c before declining in the 11th c and
being finally abandoned in the 12th century. This site probably saw several cycles
of abandonment and re-occupation, possibly by households of declining status.
The site of Hrísheimar (just across the Kráká River from Sveigakot) by contrast
seems to have been of solid upper-middle status, and is associated with a pre-
christian burial and higher status artifact assemblage (including a bronze sword
chape and a knife handle made from a walrus penis bone). Hrísheimar was
heavily involved in iron production, and may represent a comparatively wealthy
household with wide economic contacts. Hrísheimar was apparently abandoned
prior to the H1104 tephra fall, possibly due to depletion of bog iron sources
nearby or to the opening of better settlement opportunities elsewhere in Iceland
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or Greenland by the later 11th century. Both tephra isochrones (Veiðivötn
~940AD & the Landnám sequence AD 871+/-2) and multiple AMS radiocarbon
dates confirm that Sveigakot and Hrísheimar were occupied at the same time,
with their later phases precisely contemporary with Phase I and II at Hofstaðir.
While the archaeofauna from the productive midden deposits at Sveigakot has
been fully analyzed, the exceptionally large archaeofauna from Hrísheimar is still
under analysis and comparative data presented here is still preliminary. This
chapter will thus make use of the comparative perspective provided by the
contrasting small/ medium farm at Sveigakot and the medium/ large farm at
Hrísheimar.

Recovery & Preservation: Except for re-deposited spoil of the 1907 Bruun
excavations and deposits of pure structural turf, all contexts at Hofstaðir were
sieved through 4 mm mesh, with substantial whole-soil samples retained for
flotation. The silty andisols of the Mývatn area are comparatively easy to dry-
sieve, the international crews were uniformly keen eyed and enthusiastic about
bone, and the spoil heaps were commendably sterile throughout. The other
archaeofauna collected from contemporary sites in the Mývatnssveit area were
excavated using the same methods (and often the same crews). Soil acidity in
Mývatnssveit generally varies between a pH of 6.25-6.75 (7 neutral). This range
provides for generally excellent conditions of bone preservation, and all sites and
site areas compared here have closely similar soil pH levels. While any
archaeological excavation will inevitably introduce its own set of patterns into any
data set recovered, we feel that the Hofstaðir and other Mývatnssveit
archaeofauna are excavated to a consistently high standard and that
comparability in recovery has been achieved as far as is possible.
Bone Fragments by Phase: Table zz1 presents an overview of the total
Hofstaðir archaeofauna, presenting the total number of bone fragments
(identified and unidentified) for each of the site phases. While the total
archaeofauna (including re-deposited Bruun spoil and medieval to early modern
deposits in the area of the ruins) comes to 109,373 fragments, this chapter will
report only the Viking Age archaeofauna (totaling 102,761 fragments). As the
table indicates, the majority of these fragments come from Phase I (mainly from
midden material deposited in sunken featured structure G) and from Phase II (G
fill plus midden material from area E). The small collection coming from either
phase I or II has not been included in most analytic work, but the material from
phase III (which must be made almost entirely of material from Phase II) has
been regularly included in a combined Phase II-III.
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Table zz 1 Bone Fragments by Phase
Period/Association Phase Total Fragments %

Viking Age
c AD 940-1000 I 34,983 31.99
c AD 1000-1050 II 59,669 54.56
c AD 940-1050 I-II 1,310 1.20
c AD 1050 III 6,799 6.22

total Viking Age 102,761 93.95
Medieval - Post Medieval

Medieval- E Modern III-VII 212 0.19
Medieval- E Modern V-VI 252 0.23
Medieval- E Modern IV-VII 758 0.69
c AD 1850 VII 283 0.26
Bruun Excavation VIII 1,259 1.15
c AD 1850 + Bruun VII-VIII 3,780 3.46
total Medieval/Post Med/Bruun 6,544 5.98
unstratified contexts 68 0.06

total all periods 109,373

Site Formation Issues: The span of time covered by the whole Viking Age
archaeofauna at Hofstaðir is short; probably somewhere around a century,
possibly only three or four human
generations. The substantial amounts of
bone and other refuse deposited during
this period is an indirect measure of the
intensity of the site’s occupation and the
number of activities carried out in and
around the excavated buildings. Bone has
accumulated on floors, in sheet middens
around the structures (the largest of which
is context [1144] in area E) and in the fill
of sunken featured structure G, which
seems to have functioned as a general
refuse dump for the farm following its
abandonment. Figure zz 1 illustrates the
distribution of major midden
concentrations by Phase II at Hofstaðir,
indicating the position of the E [1144]
sheet midden outside the Northwest skali
(A/B) door, and the midden in sunken featured structure G (by later Phase II
associated with a thin sheet midden spread to the north). Abandoned sunken
featured structures at the nearby sites of Hrísheimar and Sveigakot were also
used as refuse dumps, and this seems to have been a widespread practical
solution to both the problems of household refuse disposal and the infilling of an
inconveniently steep sided pit in the farmyard area. The sunken featured

Figure 1
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structures also seem to have provided particularly favorable conditions for the
preservation of bone, especially the more fragile elements.

The middens were not simply bone dumps; they contain large volumes of ash,
charcoal, and fire damaged stones as well as burnt bone indicating fireplace
cleaning activity. The middens regularly received refuse from both outdoor and
indoor activities, and bone element distribution analysis indicates that mammal
bone from all stages of butchery (from slaughter and initial dismemberment
through cooking, consumption, dog scavenging and final deposition) has been
included in the same midden deposits. Cut and polished bone fragments and
segments of horn core representing craft working debris, as well as lost or
discarded finished artifacts are found in the same midden contexts. Some
midden deposits derive from large scale (perhaps seasonal) cleanings which
deposited large volumes of refuse accumulated over the course of a year or
more from many different activities. Other midden contexts represent smaller
discard events, such as a group of apparently spoiled, still un-gutted trout
(complete with stomach contents) dumped in one small area in a corner of the G
fill. Such contrasts of depositional scale in terms of both space and time are
particularly important to address for zooarchaeology, where the contrast between
high-volume, “activity averaged” cleaning events where chances of articulation
and interdependence are low may mix with small one-off discard events where
such chances of articulation are high (Binford 1976, Bigelow 1984, Crabtree
1996, Dobney et al 2007). Since the middens as well as the structures were
peeled down stratigraphically, it has been possible to positively identify definite
articulations and concentrations of bone and bird egg shell during excavation.
These potential skeletal articulations have been bagged together in the field, and
investigated closely in the lab for actual articulation and evidence of number of
individuals present. Where articulation is present, the NISP per taxon count is
reduced to one to avoid skewing relative abundance by counting a single
individual over and over (NISP counts implicitly assume that each bone fragment
comes from a different individual animal, unless articulation can be
demonstrated; Lyman 2007, Grayson 1984). In the case of the spoiled trout, a
potential NISP count in the hundreds could be reduced to less than a dozen
individual fish. Close cooperation in the field has been critical to attempts to cope
with such issues, and to bring the zooarchaeological analysis in line with the
realities of depositional scale on site.

Laboratory Methods & Data Curation
Analysis of the collection was carried out at the Brooklyn College and

Hunter College Zooarchaeology Laboratories and made use of extensive
comparative skeletal collections at both laboratories and the holdings of the
American Museum of Natural History in New York. All fragments were identified
as far as taxonomically possible (selected element approach not employed) but
most mammal ribs, long bone shaft fragments, and vertebral fragments were
assigned to “Large Terrestrial Mammal” (cattle-horse sized), “Medium terrestrial
mammal” (sheep-goat-pig-large dog sized), and “small terrestrial mammal” (small
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dog-fox sized) categories. Only elements positively identifiable as Ovis aries
were assigned to the “sheep” category, with all other sheep/goat elements being
assigned to a general “caprine” category potentially including both sheep and
goats. Murre and Guillemot are not distinguishable on most bones and are
presented together as Uria sp., except where positive identification of Uria lomvia
(Guillemot) could be made. Fish identifications follow the most current ICAZ Fish
Remains Working Group recommendations (including most cranial and vertebral
elements), with only positively identified fragments being given species level
identification (thus creating the usual large cod-family or gadid category and an
equally substantial freshwater salmonid category as well as a substantial number
of unidentified fish bones). Following NABO Zooarchaeology Working Group
recommendations and the established traditions of N Atlantic zooarchaeology we
have made a simple identified fragment count (NISP) the basis for most
quantitative presentation. Total fragment counts (TNF) which include both
identified and unidentified bone fragments are used for some comparisons of
bone depositional patterns on different parts of the site. Where corrections for the
different frequencies of bones in a skeleton are required, an MAU (minimal
animal unit) measure which divides the count for a species’ bone element by the
number of times it appears in the skeleton is employed (terminology follows
Grayson 1984). All bone measurements follow Von den Dreisch (1976), and age
assessments for tooth eruption and wear and long bone fusion follow the well
supported presentation by Enghoff (2003), dental terminology follows Hillson
1986). Digital records of all data collected were made following the 8th edition
NABONE recording package (Microsoft Access database supplemented with
specialized Excel spreadsheets, see discussion and downloadable version of
NABONE at www.geo.ed.ac.uk/nabo) and all digital records (including archival
element by element bone records) and the bone samples will be permanently
curated at the Icelandic National Museum, Reykjavik. The archive of the bone-
by-bone data set (in MS Access, with metadata) is downloadable (instructions
here). CD R versions of this report and all archived data are also available on
request from nabo@voicenet.com.

Taphonomy and Spatial Distribution of Bones
Before discussing the relative abundance of identified animal taxa or attempting

reconstruction of past economy, a discussion of taphonomic indicators and
spatial patterning of bone distribution across the site may be helpful. Table zzz 2
presents the species present in the structure floor layers and the three major
midden concentrations. As the table indicates, the great majority of bone
fragments come from the three midden deposits. Phase I midden material is
almost entirely contained within sunken featured structure G (G I), while by
Phase II midden material had accumulated in both G (G II) and area E ([1144]).
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Table zzz 2

Taxa by deposit type (NISP)
Floors Middens

A/B D1 E2 A2 A4 A5 C2 G I G II
E

[1144]

Domestic Mammals

Cattle (Bos taurus dom. ) 5 1 5 532 660 373
Pig (Sus scrofa dom. ) 85 165 23
Horse (Equus caballus dom.) 1 8 32 4
Goat (Capra hircus dom.) 33 36 16
Sheep(Ovis aries dom. ) 1 267 193 46
Caprine sp. 33 1 1 8 3 1547 1732 896

Wild Mammals
Artic fox (Alopex lagopus ) 1 1 4
Mouse 12 1
Seal species 11
Common Seal (Phoca vit. ) 1
Small cetacean 1
Whale species 2 5

Birds
Mallard (Anas platyr.) 5
Scaup (Aythya sp.) 1 1
Swan (Cygnus sp) 1
Duck sp. (Anatinidae sp.) 1
Ptarmigan (Lagopus mutus ) 1 18 125 2
Gull species (Laurus sp.) 6
Eider duck (Somateria mol.) 2
Shag or cormorant (Phalacro.
Sp.) 2
Razorbill (Alca torda) 1
Guillemot or Murre (Uria sp.) 6 4
Little auk (Alle a.) 3
Bird species indeterminate 6 44 107 3

Fish
Charr (Salvelinus alpinus) 717 1406 2
Trout (Salmo trutta) 3582 4063 31
Salmon (Salmo salar) 4 53
Salmonid sp 2084 3446
Cod (Gadus morhua) 481 873 12
Haddock (Melanogr. aeglef.) 204 252 2
Saithe (Pollachius vir.) 22 36
Ling (Brosme b.) 3 5
Gadid sp 1090 1552 16
Halibut (Hippogl hip.) 3
Wolf fish (Anarch. lupus) 2 1
Flatfish sp. 2
Fish species indeterminate 1761 4190 55

Mollusca, Arthropods,
Gastropods

Mussel (M edulis) 307 32
Clam (Mya sp) 30 17
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Snail (Radix peregra) 34 1
Barnacle (Cirripedia sp.) 1
Mollusca sp 46 437

total NISP 51 1 3 15 0 0 8 12913 19411 1538

Large Terrestrial Mammal 12 3 3 1 595 894 338
Medium Terrestrial Mammal 28 38 9 2 6 2640 3641 805
Small Terrestrial Mammal 16 87
Unidentified Mammal
Fragment 138 12 154 34 10 24 12013 22072 3623
total TNF 229 1 18 210 43 12 39 28177 46105 6304

Figure zzz 2

Beyond the great difference in total bone count, the floor layers of the great hall
(A/B) contain most of the mouse bones recovered, and there seems to be a near-
absence of fish, bird, or shellfish fragments from the floor layers. There are also
some differences between the contents of the much larger midden deposits, and
these are not easily dismissed as sample size issues. Figure zzz 2 illustrates the
relative proportions of the major taxa in the two contemporary Phase II middens.
Like the much smaller floor deposits, the area E [1144] midden contains few fish
and no shellfish remains. The relative proportions of domestic mammals show no
marked differences between the G sunken featured structure fill and the E sheet
midden, and the fish bones in both cases are made up of both freshwater
species (charr and trout) and some marine species. However, the overall
proportions of mammals vs. fish are almost exactly reversed in the two
contemporary midden deposits. Is the marked difference in the relative amount
of fish bone vs. domestic mammal bones between the floors and the E sheet
midden and the G fill the result of some activity-specific depositional pattern,
post-depositional differential bone attrition, or some combination of factors?
Several different indicators of taphonomic attrition may provide some useful
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perspective upon this question. Figure zzz 3 compares the identification rate
(NISP / TNF) for the three middens and the two larger floor collections. Given
comparable standards of excavation and recovery, identification rates by the
same analytic team are largely tied to the condition of the bones themselves-
fragmentation, burning, carnivore chewing and other forms of mechanical and
chemical attrition tend to remove osteological markers allowing for species level
identification as they destroy bone (Dobney et al. 2007, Ervynck 2004). As figure
zz3 indicates, both phases of the G midden produced identification rates
between 40-50% (typical for sieved midden deposits elsewhere) while both the E
midden and the A/B and A2 floors have identification rates 25% or below. This
pattern suggests a different taphonomic or depositional history for these
deposits. Soil acidity is fairly uniform across the site, ranging from pH 6.25-6.5,
and both G and E midden deposits scored at the upper (more basic) end of this
range, so additional taphonomic indicators need investigation.

Figure zz3

Identification Rate

0

5

10

15

20

25

30

35

40

45

50

A/B A2 G I G II E [1144]

Floors Middens

%
Id

en
ti
fi
ed

(N
IS

P
)



Zooarch Draft 3/21/2009 draft Hofstaðir Monograph chapter

10

Fragmentation is a valuable indicator of both intensity of bone processing
(Outram 1999, 2001, 2003) and post-depositional attrition. In the NABONE
recording system, bone fragments are grouped into five size ranges (<1 cm, 1-2,
2-5, 5-10, >10 cm), allowing tracking of fragmentation patterns in different
periods and localities.

figure zz 4
Figure zz4 presents the distribution of fragment sizes in the middens and larger
floor layer contexts. Note that the floor deposit in A2 has highly fragmented
bones, with around 80% below 5 cm in maximum dimension. This heavy
fragmentation may explain the very low identification rate in A2. The two phases
in area G show more or less similar patterns of mostly small-medium fragments,
but again the E [1144] midden is different, with more fragments at the lowest end
of the distribution.

Burnt bone (esp. white calcined bone which has lost most of its organic
component) is very brittle, and both fireplace cleaning dumps and in situ hearths
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Figure zz 5

tend to be full of very small bone fragments. Is the variability in fragmentation the
result of different amounts of burnt bone in the different deposits, and is burning
differentially removing fish bone from the E sheet midden deposit? The
NABONE package records burning state for all bone fragments, scoring them as
un-burnt, scorched, blackened, and white calcined. Figure zz 5 compares both
total percentage burnt (first bar) and the percentage of burnt bone which is fully
calcined. The A2 floor deposit shows both a very high percentage of burnt bone
and a very high proportion of calcined bone, and overall resembles an un-
cleaned hearth deposit in its taphonomic signatures. By contrast the A/B skali
floors have far less burnt bone and only the smallest fragments are calcined- this
would appear to be a fairly clean surface not dominated by fire place contents.
The middens are all similar in that they have some burnt bone (mainly in the well
defined fireplace cleaning deposits which also have lots of ash, charcoal and fire
cracked stones), but most bone in the middens is not burnt at all. Note that while
midden in E [1144] is highly fragmented, unlike the A2 floors it is not strongly
burnt. The E sheet midden in fact shows less burning and less calcined bone
than either phase in G, and we cannot blame differential destruction of fish bone
in the E midden on burning.

Bone density varies by skeletal element and by species, and certainly affects
the resistance of individual fragments to mechanical damage. Many authors have
developed bone density scores for the elements of a range of mammals (Binford
& Bertram 1977, Lyman 1994, Ioannidou 2003, Symmons 2002). While the
precision of any bone density score is limited by intra-specific variability due to
age, nutrition, and individual variation, there are regularly recurring, substantial
differences in bone density in different areas of the mammalian skeleton. The
NABONE package pools published mammal element scores into quartiles (1st =
most dense bones, 4th= least dense) to somewhat homogenize the results of
different authors’ published element density estimates and reduce the
appearance of spurious precision. Figure zz 6 presents the pooled bone density
results for the caprines (sheep and goat together) and cattle bones from the
contemporary midden deposits G II and E 1144. While there is a comparative
reduction in the least dense bones (4th quartile) of both cattle and caprines in the
E 1144 deposit, there is no radical difference in bone density distribution between
the G and E deposits for these mid-sized and large mammals. Whatever forces
were producing the notably higher rates of fragmentation in the E 1144 midden
and the lower concentrations of fish bones, they were not intense enough to
produce a distinctive “ravaged” bone density profile made up of nearly entirely
first and second quartile (very dense) elements. Similar density scores are not
available for fish bones, but experimental work has demonstrated conclusively
that fish bone is substantially less dense and mechanically resistant than
mammal bone (Jones 1986, Barrett et al. 1997, Bigelow 1985, Perdikaris 1999).
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figure xzz 6

Gnawing by animals and humans is a significant agent of bone attrition, and
most studies have indicated a general correlation between bone density and
resistance to gnawing (Binford & Bertram 1977, Jones 1986, Lyman 1994).
Dogs are major agents of bone destruction on most sites, and even small breeds
are capable of totally destroying the largest and densest mammal bones given
time and motivation. Concentrations of canine-gnawed bones in urban or
household contexts tend to accumulate in “dog yard” areas where dogs habitually
congregate and have regular access to bones. Concentrations of gnawed bones
thus to some degree can spatially track past dog behavior, but are somewhat
challenging to quantify effectively. The Hofstaðir archaeofauna shows a highly
variable amount of dog gnawing marks by context, phase, and area. Figure zzz 7
presents the distribution of gnawed bone by area, phase, and context. In Phase I
no context shows more than 10 gnawed elements. By Phase II there is a marked
concentration of dog chewed bones in area E in the context [1144] sheet midden.
By Phase III (abandonment), this concentration of dog gnawing in E has shifted
to room A, particularly the [159] infill. In the subsequent post-occupational
Phases VII-VIII, bone gnawing seems to continue to concentrate in the room A
area. Note that the midden fill of the sunken feature structure G has a dispersed
pattern of gnawed bone fragments in both Phase I and Phase II, perhaps
suggesting that this are simply absorbed refuse from the wider site, including
some already gnawed fragments.
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Figure zzz 7

Figure zzz 8 presents a
localization of the canine-
gnawed bone fragments in
Phase II, suggesting the
existence of a ‘dog yard’ on or
near the area E sheet midden,
between the NW door of the skali
and the substantial latrine
building E2. There is thus reason
to suspect a different degree of
prolonged access to bones in the
two major midden areas, and
suggest a somewhat different
impact of canine gnawing
attrition in areas E and G. A
memorable experimental study
by A.K.G. Jones (1986) has
documented the strong attritional
impact of dog chewing and
digestion on fish bone, and this
must be a significant factor in the
different abundance of fish bone
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in the E and G middens.
Rodents (almost certainly mice) also had access to bones at Viking Age

Hofstaðir, and the distinctive marks of their chisel like incisors are present on a
small number of bones from several contexts. Figure ZZZ 9 presents the
distribution of rodent-chewed bone fragments by area, phase, and context at
Hofstaðir. The rodent gnawing presents a different pattern of concentration from
the canine tooth marking, concentrating in the Phase II contexts of area A. This
may reflect use of area A as a food store or other function particularly attractive
to mice.

Figure zzz 9

Trampling by humans and domestic stock also results in bone destruction, and
this may be another factor differentially affecting bone deposition in the two major
midden areas. Area E [1144] context was directly outside what was probably a
very active doorway connecting the skali with the latrine. The sheltered area
provided by the wall extensions added to the NW doorway may have provided a
comfortable area for outdoor work as well as for dog congregation, and it is
probably accurate to reconstruct this area as a fairly high traffic zone. By
contrast, the fill of the depression in area G remained un-compacted, and
excavators regularly reported their feet sinking into the soft deposits during work
in this midden area.

It would appear that there were major differences between the taphonomy of
the two midden concentration areas in terms of trampling and traffic as well as
dog activity during at least Phase II, and it seems likely that these factors of
mechanical destruction have differentially removed fish bone, though they do not
seem to have been intense enough to radically affect the proportions of mammal
bones in the two middens.
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Skeletal Element Distribution Patterns
Zooarchaeologists have long worked to identify and explain patterns in recovery

of different bones of the skeleton from different sites and contexts. Sometimes,
clear concentration of bone elements, and butchery marks in well defined
contexts (usually in urban deposits) can allow an unambiguous identification of
specialized butchery and craft waste disposal. (Dijkman & Ervynck 1988, Maltby
2006, O’Connor 2003, Rackham 1994, Alen & Ervynck 2005). More commonly,
complex interactions of bone density and differential survival, over-lapping
activity areas, and multiple phases of human use of animal carcasses for food
and raw material produce patterns of skeletal element survival that are far more

difficult to interpret. Rural Icelandic site middens tend to receive bone from all
stages of butchery and consumption, and as a result usually do not provide a
clear “gourmet” (only high meat value elements) or “ravaged” (only very dense
elements) pattern (Binford 1976). Figure zzzz_10 presents the generalized
distribution of body parts for cattle and caprines at both the Hofstaðir midden
areas and the three phases of the Sveigakot middens and provides idealized
gourmet and ravaged distributions for reference, making use of the MAU %
measure to normalize for skeletal element frequency (Lyman 2007). While there
is some variability between sites and phases, overall proportions suggest similar
patterns of home butchery and midden formation processes; there is no clear
signature for specialized deposition of craft debris or isolated primary butchery
waste.
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Butchery Marks are present on many bone fragments and are recorded as part
of the NABONE package. Figure zzz 11 presents the percentage of bone
fragments showing butchery marks by area at Hofstaðir (mammal bone only).

Figure 11

The greatest concentration of butchery marks on the larger floor layer contexts
is in room A2, which may be consistent with some role in food preparation and
storage. There is also an apparent difference in the proportion of butchery marks
present in the area G and area E midden deposits.

Different types of butchery activities tend to leave different marks on bone
fragments. In the NABONE package standard, “chopping” marks are heavy
blows from an axe or heavy cleaver which definitely were delivered with full force,
causing shearing and crushing impact on compact bone surfaces. These tend to
be associated with dismemberment of an animal carcass in initial butchery or the
early stages of cooking where cooks are reducing a large piece of meat (like a
haunch or forequarter) to something they plan to serve at table. Presumably full-
force chopping was less common at the table, even in the Viking Age. “Knife
marks” are slicing marks left by much more controlled cuts by lighter blades.
These can accumulate at any stage in the process of reduction of a complete
carcass to the consumption of an individual meal. “Splitting” is marrow extraction
from long bones by splitting the bone lengthwise, and it leaves very distinctive
fragments. In later Medieval times Icelanders and some of the other N Atlantic
communities (but not Greenland) adopted the dual-perforated marrow extraction
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method (biperforation) for sheep metapodial bones, but this seems to post-date
1100 (Bigelow 1985, McGovern 1985, Arge 1995, Harrison 2006). Biperforation
of caprine metapodials did appear in the post-medieval contexts at Hofstaðir but
not in the Viking Age contexts. Marrow extraction can come at any stage in the
butchery process, but is probably most associated with kitchen/table activities.
“Other” marks are varied and most relate to craft work (polish, drilling etc.).
Figure 12 presents the relative abundance of these different butchery marks on
the bones from the middens in area E and area G.

Figure 12

Not only do the bones in the E [1144] midden deposit have more butchery marks
in total than the bones in the G sunken feature structure fill, but they have a
different proportion of different types of marks. The area E bones have less
heavy chopping, and lack the bits of bone craft waste found in G. They have
much higher proportion of splitting marks, indicating fairly intensive marrow
extraction somewhere nearby. It would appear that the area E midden has had a
slightly different taphonomic history from the area G deposit even before the
effects of dogs and trampling. It is possible that these differences in amount and
nature of butchery marks may relate to different “refuse streams”. If the midden
debris entering the pit at G received refuse from the whole farm and from a very
wide range of activities (primary butchery, cooking, meal consumption, industrial
and craft waste, fire place cleaning etc.), it may be that the sheet midden in area
E may have received a slightly different refuse stream, perhaps more weighted
towards meal preparation and consumption.
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Discussion and Interpretation of Taphonomic Evidence

While any interpretation of taphonomic processes on any site must be tempered
by the inherent limits of zooarchaeological indicators and recurring problems of
equifinality (Maltby 1985), it may be possible to draw some broad conclusions
that affect subsequent efforts to reasonably quantify the different portions of the
Hofstaðir archaeofauna. Thanks to a very large scale (effectively total) open area
excavation combined with consistent stratigraphic recording and recovery,
zooarchaeologists at Hofstaðir have been provided with a far broader picture of
deposition and attrition than is possible from the more usual trenches and
isolated excavation units which often provide most of our basic material. There
do appear to be regularities in the different pictures presented by analysis of
bone identification percentages, fragmentation, burning, animal gnawing, skeletal
element distribution, and butchery markings. Some seem to point to past human
and animal behaviors, but others seem to reflect the differential impact of
attritional forces (mainly dog gnawing and effects of trampling) upon parts of the
archaeofauna (especially fish and shellfish) in different parts of the site. While
large-medium sized mammal bones do not seem to have been profoundly
affected, there seems little reason to doubt that the shortage of fish and shell fish
fragments on floor layers and in the area E [1144] sheet midden relative to the fill
of unit G is the direct result of differential destruction and probably not the
product of any past economic pattern. In the presentation of data and discussion
that follows, most comparisons of domestic mammal bone will thus make use of
all phased bone deposits, but where comparisons of fish and shellfish are
involved only the stratified deposits in area G will be used.

Overview of Species Present

Species Present: Table zzz 3 presents a list of the species and species groups
identified in the Hofstaðir Viking Age archaeofauna and the identified fragment
count (NISP) for each taxon. The human remains in the demolition layers are
deciduous molars, and were presumably lost by living children. The full range of
domestic mammals imported by the early settlers is present, including dog and
cat and some mouse bones. The identified mice are all Mus musculus;
apparently the Viking house mouse (also recovered from Greenland: Vebaek
1992), though Apodemus sylvaticus (also probably a Viking Age introduction, see
Nicholson et al. 2005) is now the dominant mouse species in Mývatnssveit.
Arctic fox bones are present in small numbers, as are seal bones. The single
seal that could be identified to species level is the harbor or common seal (Phoca
vitulina), widespread along the Icelandic coast and common in Skjalfandi bay to
the north. The “small cetacean” bone identified could come from a porpoise
(porpoise bone has been identified at the nearby site of Sveigakot) or any of the
smaller toothed whales. Whale “species indeterminate“ fragments may be the
product of craft working rather than food preparation, as whalebone was a widely
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employed raw material for many artifacts. The single whale fragment from Phase
III is in fact a fragment of vertebra used as a chopping block.

Birds include a very small number of migratory waterfowl and some sea birds
(all summer visitors to Iceland), but the great majority of birds in all phases are
the non-migratory ptarmigan / grouse (Lagopus mutus) common on upland
moors and easily taken with snares at all seasons. The many indeterminate bird
bones could all easily be ptarmigan as well on size alone. Large concentrations
of bird egg shell were recovered during excavation of the G midden fill, and these
will be discussed separately (see also McGovern et al 2006).

Fish include both freshwater trout (Salmo trutta) and charr (Salvelinus alpinus)
and a few Atlantic salmon (Salmo salar) bones. Surprisingly, the Hofstaðir
archaeofauna (like all other Mývatn collections) also contains a range of marine
fish, mainly cod-family (Gadidae). In both groups, many fragments could be
identified as salmonid or gadid but not to species level. The many unidentifiable
fish fragments are also probably salmonid or gadid. Mollusca include many
mussels (Mytilus edulis) of very small size (most one to two centimeters
maximum length), many were burnt and most were recovered from ashy deposits
also rich in wood charcoal. These are probably not the result of human meals,
but of gathering sea weed with attached root balls cast up by storms along the
coast. Clam shell fragments tend to come from larger individuals and are
normally recovered in very battered and eroded condition. There was widespread
use in Iceland of clam shells as scoops and spoons down to recent times, and
these fragments are more likely to represent such artifacts rather than the
remains of meals. Gastropods are represented entirely by the small freshwater
snail Radix peregra, a species regularly appearing in the gut contents of trout
(Gislason & Steingrimsson 2004), and again probably does not itself represent
human food. A single arthropod barnacle fragment may have been brought to the
site attached to driftwood or even a boat timber. All of the unidentified Mollusca
are probably mussel or clam fragments too small to identify securely.

Table 3
Viking Age Archaeofauna Summary

Phase
I Phase II

Phases
I-II Phase III

Domestic Mammals
Human (Homo sapiens ) 2

Cattle (Bos taurus dom.) 646 1,163 29 276
Pig (Sus scrofa dom.) 86 199 1 13
Horse (Equus caballus dom.) 12 42 19
Goat (Capra hircus dom.) 36 58 6
Sheep(Ovis aries dom.) 274 282 2 62
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Caprine sp. 1,820 3,083 83 716

Dog (Canis familiaris dom.) 2

Cat (Felis dom.) 13

Wild Mammals
Artic fox (Alopex lagopus ) 1 5

Mouse (Mus musculus) 1 12

Seal species 11

Common Seal (Phoca vitulina ) 1

Small cetacean 1

Whale species 2 6 1

Birds
Mallard (Anas platyr.) 5

Scaup (Aythya sp.) 1 1 1

Swan (Cygnus sp) 1

Common scoter (Melanitta nigra) 1

Goldeneye (Bucephala clangula) 1

Duck sp. (Anatinidae sp.) 1

Ptarmigan (Lagopus mutus L.) 20 132 2 3

Gull species (Laurus sp.) 6

Eider duck (Somateria mol.) 2

Shag or cormorant (Phalacr. sp.) 2

Razorbill (Alca torda) 1

Guillemot or Murre (Uria sp.) 6 4 1

Little auk (Alle alle) 3

Bird species indeterminate 50 118 3 4

Fish
Charr (Salvelinus alpinus) 717 1,467 26

Trout (Salmo trutta) 3,586 4,259 1 101

Salmon (Salmo salar) 5

Salmonid sp 2,084 3,585 1 91

Cod (Gadus morhua) 481 889 1

Haddock (Melanogr. aeglef.) 209 256 8

Saithe (Pollachius virens) 22 36 1

Ling (Brosme brosme) 3 5

Gadid sp 1,108 1,572 1 18

Halibut (Hippogl hip.) 3

Wolf fish (Anarch. lupus) 2 1

Flatfish sp. Indet. 2

Fish species indeterminate 1,782 4,301 9 176

Mollusca, Arthropods & Gastropods
Mussel (Mytilus edulis) 307 32

Clam (Mya sp) 30 18
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Mollusca sp. indet. 46 438

Snail (Radix peregra) 34 1

Barnacle (Semibalanus balanoides) 1

total NISP 13,371 21,993 144 1,541

Large Terrestrial Mammal 727 1,366 30 259

Medium Terrestrial Mammal 3,172 4,934 128 816

Small Terrestrial Mammal 19 91 2

Unidentified Mammal Fragment 17,694 31,285 1008 4179

total TNF 34,983 59,669 1,310 6,797

While each major group will be discussed in more detail and placed in a
comparative regional context below, it may be useful to first emphasize the
strong continuities between phases shown by the Hofstaðir archaeofauna. Figure
zz 13 presents a comparison of relative percentages of the major taxa in the two
Viking Age phases.

Figure 13
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Figure zz 14 presents the domestic mammal relative percentages.

Figure 14

As these comparisons indicate, a major theme in this archaeofauna is stability
through the relatively short period of occupation. There are no indications of a
major change in economic strategy at Hofstaðir during the Viking Age, but there
are some potentially significant differences between Hofstaðir and the
neighboring farms in Mývatnssveit. It thus seems most productive to expand the
presentation to compare patterning in the Hofstaðir collections with other sites.

Domestic Mammals

Cattle
Cattle were some of the most important animals in the Viking Age farmyard,

and cattle keeping certainly reflected status not conferred by caprines alone:

One's own house is best, though small it may be;
each man is master at home;
though he have but two goats and a bark-thatched hut
'tis better than craving a boon. (Havamal v 36, Olive Bray trans)

Cattle bone relative percentages show little change through time in the
Hofstaðir archaeofauna, increasing from around 23% (Phase I) to around 25% of
domesticates (Phase II-III). This pattern of stability contrasts with declining
percentages of cattle bones relative to caprines at the nearby site of Sveigakot,
where cattle bone relative percentages decline from a high around 35% in the
earliest deposits (AU 1 ca. AD 875-930) to 20% in the 11th century (AU3).

Multiple taphonomic agents greatly reduce the number of measurable elements
in most archaeofauna, but it is clear from what remains that the Hofstaðir cattle
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were similar in size and conformation to other North Atlantic cattle of the Viking
age- small in stature, large headed, short horned, and stocky (see digital archive
for all measurements). As table zzz4 indicates, stature reconstruction based on
the few intact metapodial bones from Hofstaðir and Sveigakot suggest a range in
withers height from just below a meter to 120 cm, well within the observed
stature range of other Viking Age-Medieval cattle (see Enghoff 2003 for review).

Table 4 Cattle Stature Reconstruction
Hofstaðir Bone GL (mm) Withers Ht (cm)
Phase I Metacarpus 169.50 104
Phase III Metatarsus 180.15 98
Phase III Metatarsus 196.57 107
Sveigakot
AU 2 Metacarpus 174.50 107
AU 3 Metacarpus 164.90 101
AU 3 Metacarpus 167.80 103
AU 3 Metacarpus 168.20 103
AU 3 Metacarpus 169.50 104
AU 3 Metacarpus 172.50 106
AU 3 Metacarpus 173.50 107
AU 3 Metacarpus 178.70 110
AU 3 Metacarpus 195.70 120
AU 3 Metatarsus 197.90 108
AU 3 Metatarsus 201.80 110

Some of the skulls recovered from the skali area are naturally polled (hornless), a
trait found in low frequency in other North Atlantic Nordic cattle bone collections
from both Iceland and Greenland. However, most cattle seem to have carried
small forward curving horns, and severed horn cores showing cutting marks
associated with horn working are common finds in all phases at Hofstaðir and in
archaeofauna from the other Mývatnssveit sites.

Cattle in Viking age Iceland provided meat, milk, bone, horn, hide, and status.
Long after the Viking age skali at Hofstaðir was abandoned, the 13th century law
code Grágás provided a clear definition of a “legal” cow meeting the standards
set for payments and compensations reckoned in animal values; “Also of
standard value is a cow three winters old or older, ten winters old or younger,
capable of bearing calves, in milk, horned and free from defects, no worse than
the average beast, fit enough to be driven from one district to another at the
moving days and giving enough for a calf at milking.” (Grágás MS later 13th c,
trans. Dennis, Foote, & Perkins vol. 2, 2000, p 208). Zooarchaeology provides
another perspective on cattle keeping practices, and can provide some indirect
evidence for past management strategies.

Cattle Age Reconstruction
Zooarchaeologists have traditionally used tooth eruption, tooth wear, and the

fusion of the ends of long bones to reconstruct the age of death of domestic
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mammals (Wilson, Grigson & Payne 1982, see also Hillson 1986, O’Connor
2000, Reitz and Wing 1999). Each approach is limited by natural variability
among individual animals in the pace of growth and maturation. Nutrition, activity
level, castration, parasitism, disease, and other cultural and environmental
factors influence tooth and bone growth as much or more than genetics of the
breed in many cases. Attritional loss of bone during the taphonomic changes
associated with butchery, consumption, gnawing, burning and decay do not
affect all parts of the skeleton equally, and in most cases there is strong selection
against the less dense and less fully calcified bones of younger animals ( Lyman
1994). While tooth eruption schedules for most domestic mammals vary within a
fairly restricted range, tooth wear is dependent upon both age and the
abrasiveness of the food eaten. As Mainland (2000) has demonstrated, wear
rates increase rapidly when more abrasive grit and soil particles are ingested.
Most workers have combined analyses of mandibular tooth eruption and wear
with examination of the fusion percentages of selected (dense) long bones
(O’Connor 1982; Ervynck 1997, 1998; Dobney et al 1999, 2007). This study
follows the well supported and clear presentation of Enghoff’s publication (2003)
of the Greenlandic archaeofauna from the farm beneath the sand (GUS) in age
assignment, terminology, and authorities consulted.
Neonatal Cattle Elements: The bones of new born or very young animals are
recognizable by their size and surface texture as well as by their unfused
epiphyses. It is usually possible to identify such very young individuals on most
bone elements, and thus the neonatal percentage provides a fairly robust age
partition based on the largest possible number of fragments, and is not
dependent upon the survival of tooth rows or intact long bones. Late foetal
elements (longitudinally unfused metapodials etc.) are also often identifiable, but
are combined here with the more generalized “neonatal” category. Figure
ZZZ_14 presents a comparison of the % of cattle neonatal bones from phases I
and II-III at Hofstaðir with a series of other Icelandic sites.

Figure 14
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among individuals with different nutritional status, but the sequence and timing of
mammalian tooth eruption is probably less affected by local environmental
variables than is rate of tooth wear or the precise date of fusion of long bones
(Hillson 1986). Tooth eruption stage thus provides a useful guide to mortality
patterns from birth to early adulthood in most mammals. Figure zz15 presents
the eruption patterns for cattle mandibles and maxillae for cattle from Hofstaðir,
Sveigakot, and the Gásir trading site. Lacking any very young animals at all, the
Gásir eruption pattern shows a collection dominated by adults over three years
old or near adults between two and three years old. The Sveigakot sample
shows a substantial number of very young cattle, which parallels the high
percentage of neonatal bone illustrated in figure zz 15.

The Sveigakot eruption pattern also suggests that only a few cattle who
survived the strong cull in the first year were killed before reaching their full adult
dentition (and size) around three years old (three winters old if calves were
mainly born in May as in historic times). The Hofstaðir tooth eruption pattern
suggests something between the Sveigakot and Gásir patterns. Very young
animals were culled in their first year, but far fewer than at Sveigakot. Some
Hofstaðir calves were culled close to the top of their growth curve, more than at
Sveigakot but less than at Gásir. A substantial proportion of the Hofstaðir cattle
seem to have reached adulthood: again more than Sveigakot but less than at
Gásir. The patterning in eruption state of the available cattle tooth rows thus
supports the pattern indicated by the neonatal calf percentages. Hofstaðir seems
to have raised more cattle to adulthood, and slaughtered a lower percentage of
very young calves than its contemporary Mývatnssveit sites.

Tooth wear also provides an indication of age at death, but as studies by
Mainland (2000 et seq.) have demonstrated, tooth wear is heavily affected by the
amount of grit in the animals’ diet. While tooth eruption patterns may be largely
genetically controlled, tooth wear is at best an indirect proxy for an animal’s age.
With this caution in mind, tooth wear can be used to provide a potentially useful
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view of age structure beyond the limits of the eruption schedule. This analysis
follows Enghoff (2003) in making use of the widely applied Grant (1982) tooth
wear scoring system, and follows Enghoff’s well supported age correlation
estimates.
Figure 16

Figure zzz_16 presents the wear states of the deciduous premolar (dp4) to
attempt to refine estimates of calf mortality patterns within the first three years of
life. At both Hofstaðir and Sveigakot, calf mortality was concentrated in the
newborns, with few animals surviving their first month. At Hofstaðir (but not at
Sveigakot) some calves seem to have been culled closer to their full adult size,
as would be suggested by the cattle tooth eruption data presented in figure
zzzz_15 above.

Mandibular Wear State (MWS) is calculated under the Grant system by scoring
each molar for wear (on a scale from 0 to over 50) and then adding the individual
tooth wear states together. Grant’s (1982) system allows a consistent and
replicable wear assessment, and despite critiques it remains one of the most
widely used approaches to age assessment in zooarchaeology (Ervynck 1997,
1998). Assignment of age to wear state is far more difficult (especially where
tooth wear rates may vary) so age labels should be taken as approximations only
(assignment follows Enghoff 2003). Since only complete mandibular tooth rows
can be used for the MWS approach, sample size is inevitably smaller than that
behind the neonatal percentage or tooth eruption graphs. The Grant MWS
analysis (figure 17) for the Hofstaðir and Sveigakot cattle confirms the overall
impression of the eruption and dp4 wear analysis; more Sveigakot calves were
dying very young, and there appears to be mortality in the younger adult
Hofstaðir cattle which is not evident in the Sveigakot sample.
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Figure 17

While both Sveigakot and Hofstaðir samples appear to include a number of
elderly animals (note that the Grágás code apparently anticipated that productive
dairy cows could reach 10 years), the smaller sample size of intact adult
mandibles limits comparisons (unlike neonatal mandibles, adult cattle mandibles
were regularly smashed during butchery). Figure zz18 provides a comparison of
the mean wear on the last-erupting adult third molar (M3) in the Grant system in
an attempt to crudely quantify the wear state/ inferred age of cattle reaching
adulthood at Gásir, Hofstaðir, and Sveigakot. While there are many unresolved
issues regarding grazing, rates of dental wear, and time period, the Hofstaðir
third molar wear pattern is certainly closer to the Gásir pattern than the Sveigakot
pattern. One potential explanation is that the Sveigakot cattle grazed rougher or
more eroded pastures and experienced more rapid dental attrition as adults, as
there is little question that Hofstaðir enjoyed both richer and far better protected
grazing areas (Simpson et al. 2001, 2004). The neonatal percentages and the
dental eruption data suggest alternate (or additional) explanation for this pattern.
While most cattle at Sveigakot who reached adulthood seem to have gone on to
enjoy a long life as milk cows (dying with heavily worn third molars), at Hofstaðir
many others apparently did not live long enough past the eruption of their adult
molars (around 3 years) to put heavy wear on these last-erupting adult teeth.
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Figure 18

Cattle Long Bone Fusion
The use of fusion of long bones for age assessment is complicated by

differential attrition due to different bone densities (proximal humeri are far less
dense than distal humeri) and by butchery practices (such as widespread
longitudinal splitting of metapodials). In this report four bone ends of roughly
comparable density and survival rates which fuse at different ages (1-1.5 years
for distal humerus to 3.5-4 years for distal radius) are used to give an indication
of the proportion of cattle that lived long enough to reach a particular skeletal
fusion state. Figure zzz 19 presents these data, comparing patterns of long bone
fusion at Hofstaðir, and Sveigakot. At Hofstaðir, a substantial number of calves
seem to have survived their first year, but fewer at Sveigakot. This pattern is
again consistent with the proportions of neonatal bones at the three sites (figure
zzz14), and with tooth wear patterns suggesting culling close to peak meat
production age (ca. 2.5- 3 years). There were apparently substantial numbers of
Hofstaðir cattle surviving their second year, and the fall off seems to occur
around full adulthood. By contrast, there is only a gradual decline in survivorship
at Sveigakot, probably because most culling had already taken place in the first
year of life (prior to fusion of any distal humeri).

The long bone fusion data thus appear to broadly support the patterns of cattle
neonatal percentages, tooth eruption, and tooth wear, and suggests that
differential rates of tooth wear due to different pasture conditions may not be the
whole explanation for this pattern in the cattle. Sveigakot fits a pattern that is
usually interpreted as a “pure” dairying strategy, and would seem to reflect the
culling of most calves soon after birth, a minor secondary cull of surplus or
infertile heifers, and a surviving herd made up mainly of reliable milking cows,
some of whom reached fairly old age (Halstead 1998). The Hofstaðir pattern
seems more complex, with some clear indications of a dairy component
(substantial newborn mortality, some aged adults) but with a superposed “meat
profile” of young adult mortality. While substantial dairy production was taking
place at Hofstaðir, there are definite indications that the farm was sometimes
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