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ABSTRACT

The late arrival of man in the landscape, with the
Dotential for dating events through tephrochronology,
makes Iceland of considerable interest in the study of
the impact of simple agricultural systems upon a
marginal environment. A multidisciplinary approach
has been adopted for the examination of macrofossils
Jrom a bog at Ketilsstadir in Myrdalur and these are
discussed in the light of the geomorphological, histori-
cal and tephrochronological record. The natural bog
environment of tussock and pool changes after Land-
ndam, with the great influx of inorganic sediment
occasioned by grazing pressure on the surrounding
uplands. The insect fauna becomes more diverse, re-
Slecting new habitats created by man. The massive
Jallout of tephra from the ~1357 eruption of Katla had
considerable impact on the bog,although the full pro-
cess of recovery of the biota could not be followed due
to the attendant poor preservation.

INTRODUCTION

For those interested in late Holocene changes in the
environment in Iceland, Myrdalur in southern Iceland
is a critical region. Lying between Sélheimasandur to
the west and Myrdalssandur to the east (fig. 1) at the
most southerly point in the country, it is both the
warmest and wettest part of Iceland with an average
annual temperature of +5.7°C at Vik (1931—1960)
and an average yearly rainfall of 2258 mm (Eythdrsson
& Sigtryggsson; 1971). Any floral or faunal change
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resulting from a deteriorating climate should therefore
be registered in Myrdalur, a last refuge for any
thermophilous elements in the biota. High rainfall
also means that peat bogs are extensive; indeed, the
place-name Myrdalur may be translated as ‘mire-
dale’. Although most of the bogs have now been
drained to provide better pasturage and increase hay
yields, preservation of organic remains is good and the
many recent ditch sections allow detailed examination
of the stratigraphy, as well as effective sampling. In
any study of environmental change, close dating and
the ability to obtain further samples of the same date
are problems. In Myrdalur, however, an extensive
study of the tephra layers from Katla and other vol-
canoes (Larsen, 1978; Einarsson et al., 1980) provides
a firm stratigraphic framework for research, which
would be difficult to equal elsewhere. In 1979, there-
fore, a bog (fig. 2) near the modern farm Ketilsstadir
was selected (G.L., P.C.B. & J.R.A. Greig) for an ex-
tensive palaeoecological sampling programme related
to detailed tephrochronological research. Additional
samples were taken in 1980, both to extend the
chronological sequence and to provide further con-
temporaneous samples for comparative study.

LOCATION

Myrdalur, bounded by sandur to the east and west,
the icecap of Myrdalsjokull to the north and the
Atlantic Ocean to the south, appears as an oasis of
cultivated land and settlement in a desert of sandur.
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Fig. 1. The location of Ketilsstadir
and other sites examined in southern
Iceland — Mynd 1. Rannséknarstad-
ir d Sudurlandi.
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Fig. 2. The bog at Ketilsstadir looking north-west-
wards towards the icecap Eyjafjallajokull from Geita-
fjall (1980). — Mynd 2. Myrin vid Ketilsstadi i Myrdal.
Horft fra Geitafjalli til nordvesturs. Eyjafiallajokull i
baksyn. Myndin er tekin 1980.
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Along the edge of the icecap, the Pleistocene pala-
gonite formation (mdberg) is clothed in discontinuous
heath vegetation and is dissected by several deep
gorges, occupied by rivers draining from Myrdalsjok-
ull onto the sandur. The heath now provides summer
pastures for the farms in the lower, more gently con-
toured land to the south. The sandur is poorly vege-
tated and has been much influenced by frequent ‘jok-
ulhlaup’, caused by eruption of the sub-glacial vol-
cano Katla, most recently in 1918 (Jdnsson, 1980).
Much of Sélheimasandur is thought to have been ex-
tensively modified in a ‘hlaup’ during the fourteenth
century (Einarsson et al., 1980), which destroyed
much of the vegetation and grazing pressure has
further exacerbated the problem (Rundlfsson, 1978).
Recently, parts of the sandur have been reclaimed by
seeding and are now available for hay crops.

The sampling locality selected (fig. 3) is now a com-
pletely drained bog of about 25 hectares lying south of
the main Reykjavik to Vik road towards the western
edge of Myrdalur, 7km west of Vik. The modern farm
of Ketilsstadir, the school and other farms of the area
lie on land gently sloping up towards the heath and
the small lake, Oddnyjartjérn, north of the road. The
bog occupies a virtually enclosed basin, bounded to
the east by the 154m a.s.l. ridge of Geitafjall and to
the west by a low arcuate ridge, reaching 91m a.s.l.



o metres 250
el SO e e R

REYKJAVIK

Fig. 3. Schematic plan of drainage ditches at Ketils-
stadir, showing location of sampling localities. —
Mynd 3. Einfoldud teikning af framreesluskurdum vid
Ketilstadi, synatokustadir merktir.

The present surface of the bog lies at 40m a.s.l. and
slopes gently towards the sea, 2km to the south. The
surface is cut by an extensive system of drainage
ditches dug during the last two decades. In an area of
casy access, sheltered from the winds by low moun-
tains on all sides, the farms around Ketilsstadir con-
tinue to be occupied and the land is intensively culti-
vated. As a result, the bog surface now has a largely
anthropogenic vegetation.

HISTORICAL BACKGROUND

The farm Ketilsstadir in Dyrhélahreppur lies near
to the boundary between that parish and Hvamms-
hreppur eystri, the two most westerly communes in
the district of Vestur-Skaftafellssysla, making up Myr-
dalur. Unfortunately, few written records have sur-
vived of settlement in the region. In Landndamabdk,
the Book of Settlements', only four settlers and their

farms are referred to in Myrdalur and these do not in-
clude Ketilsstadir. The site seems, however, to have
been settled early. It is mentioned in a terrier (mdl-
dagi) for the monastery of Thykkvibar from the year
1340 (D.1.2,738) and in a similar contemporary docu-
ment for the church at Dyrhoélar in Myrdalur, tithes
are detailed from Ketilsstadir (op.cit., 742). The
tephrochronological and archaeological evidence of
peat cuttings filled with tephra from the ~1357 erup-
tion of Katla imply the proximity of settlement to the
bog (fig. 4) and there are indications in the fossil biota
of earlier human influence. In a land register of 1639,
the farm was of considerable tax value, being listed at
55h?, land rent at 2h and 30 ells and having 7 hired
cattle® (Thjsk. 167 Rtk.), large compared to the value
of other farms in Iceland at that time (cf. Ldrusson,
1967). In 1686, the tax value had risen to 60h and the
land rent to 30h but by 1695/97 tax had slumped to
24h, although the land rent remained the same and
the number of hired cattle had only been reduced by
one (ibid, 399). Where the decrease in tax is explained
in the land register of Arni Magniisson and Pdll Vida-
lin (of 1702 —14), the cause is always deterioration as
a result of landslide, flooding or other geomorphologi-
cal change (see e.g. Jardabdk 1, 74—75). The land
rent was not connected to value and its amount was
subject to agreement between owner and occupier.
The majority of farms in Dyrholahreppur were sub-
ject to decrease in tax during the same period as
Ketilsstadir. Unfortunately in the absence of the land
register for the area, it can only be assumed that the
decrease in tax of Ketilsstadir related to the deterior-
ation in the quality of its land. This could have been
partly a result of climatically severe years and vol-
canic eruptions, of which there are several accounts
from the last quarter of the seventeenth century (Ola-
son, 1942, 403—4). One insect from Ketilsstadir,
Hydraena britteni, might also be a victim of the
colder years of the early post medieval period.

Since the Settlement, Myrdalur has always relied
principally upon pastoral farming with sheep as the
main domestic animal. That some cereal cultivation
was practised is suggested by place name evidence —
Akurtorfa at the farm Giljar — and cultivation strips
can apparently still be seen by the farm at Fagridalur
(Einarsson, 1975, 19). Lyme grass (Elymus arenarius,
Icel. melgresi) grows particularly well among the
dunes of Myrdalssandur and the seeds were widely
collected and used as a substitute for grain until
earlier this century (Olafsson, 1943, 154—6). Fishing
resources were also exploited and the same tephra
horizon, which filled the peat cutting at Ketilsstadir
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Fig. 4. Ketilsstadir: section at KE/
SUPPL. showing the tephra of the
~1357 eruption filling a peat cutting.
— Mynd 4. Snido. KE/SUPPL, { myri
vid Ketilsstadi. Pad synir forna mo-
grof sem fylltist af giésku [ Kotlugosi
um 1357.

TEPHRA 5mm

Fig. 5. The stratigraphy of section BR1 at Ketilsstad- 00
ir (1979). — Mynd 5. Snid BR I { myri vi0 Ketilsstadi TEPHRA & mm
(1979). Jardvegur og gjoskulog. SN Fers
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(Katla ~1357) also sealed a midden at Fell containing oL GreY (55 o) B 113 ke us; 2r2; 325 412
an abundance of fish bones (Thdrarinsson, 1972; TERRA S ERCA 1341

Einarsson, 1975, 21;_Einarsson et al., 1980, 4).

MODERATE BROWN (5yr 3-4/4)
FIBROUS PEAT WITH SOME TRACE
OF LENTICULAR BEDDING
260mm

TEPHROCHRONOLOGICAL RECORD {
The Myrdalur district lies at the margin of the
Eastern Volcanic Zone in southern Iceland. It has

S MODERATE YELLOWISH BROWN (10yr 5[4)
PEAT WITH MUCH SILT 140mm
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repeatedly been affected by tephra fall from the sub- GREVISH BUACK (N2) TEPHRA 16 RIS Thiits e
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glacial volcano Katla, below the icecap of Myrdals- [LANDaM ASH] 25 T Br 1f13; KEfS: 2]3; 33 413
jokull some 20km to the north, and less frequently by T o ;::‘; i
tephra from more distant sources. The tephra forms (" '
distinct layers within the soil, which are well exposed 35535 MODERATE BROWN (5yr 3]4)
in drainage ditches such as those found at the Ketils- 3333

stadir bog (fig. 4). The more or less continuous layers
can be easily followed within the bog and conveni-
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ently used as s.tratlgraphlc mark.ers; the age of several S‘SSS CREYISHEBROWN (5 yeal2
tephra layers is known, providing dated isochrones.
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Such dated horizons are, however, restricted to the 70-80 mm
last 1100 years, although earlier layers occur at the WMy o e et
base of the exposed succession. [Tty ) s

The tephra layers in the Ketilsstadir bog were BLACKJERHRARIO e
identified by comparison with other recently studied JERHRAIORS
soil sections in this area (Larsen, 1978; Einarsson et 35353
al., 1980). The stratigraphy is shown in figure 5. Black (Base of diteh). oo
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Fephra layers from Katla are most prominent, ranging
In thickness from a few mm to tens of cm. The most
coarse grained tephra layer has a maximum grain size
of 25 mm but submillimetre material is dominant in
most Katla layers. Tephra from more distant sources
18 restricted to the submillimetre grain size and dif-
ferent chemical composition is reflected by different
hue of colour, which is however often difficult to dis-
cern in the wet sediment of the bog. The tephra layers
constitute roughly 27% of the total thickness of the
sequence presented on figure 5 but this percentage is
likely to vary within the bog.

The most important tephra layers for the present
studies are the landnam layer and the
K~1357 tephra layer. The former originated in the
Vatnasldur— Hrafntinnuhraun crater row some 70km
to the north (Larsen, 1978; 1984), and is thought to
have been deposited around A.D.900, near coinci-
dently with Norse settlement in Iceland (Einarsson,
1963; Thérarinsson, 1967). This Landndm-tephra is a
most valuable isochrone which divides the deposits
lntg pre-Landndm and post-Landnam and greatly
facilitates the observation of changes caused by the
Settlement. The tephra from the Katla eruption of
~1357 forms the thickest tephra layer deposited in
the Myrdalur district during historical time. The
Ketilsstadir bog lies within the 100mm isopach but
locally thickness may exceed 200mm. This was
Qrobably the worst catastrophe that has hit the area
Since it was settled and damage to the vegetation must
have been extensive. The tephra fall and abandoning
of farms as a result of it are only vaguely mentioned in
old annals (Einarsson et al., 1980).

Other dated tephra layers identified at Ketilsstadir
are from the Hekla eruptions in 1341 and 1597 and
the Katla eruption of 1580 (Larsen, 1978). No
attempt was made to identify younger tephra layers
because the topmost part of the soil at the Ketilsstadir

bOg has been disturbed by ploughing, prior to reseed-
ng.

GEOMORPHOLOGY

The basin is almost completely enclosed, one of a
series of bogs that drop in a staircase from Oddnyjar-
Uér_n at 92m a.s.l. to sea level (fig. 2). The stream
Which drains from the lake and the upper basins now
ﬂo\ys to the west in a steep-sided valley and avoids the
Mmain bog at Ketilsstadir, which is drained over a rock
lip to the south and on to the lowest of the bogs, close
to sea level. The basin appears to have been glacially
overdeepened and much of the sediment brought into
the basin during the Holocene has been trapped.

HEKLA 1597
KATLA 1580

KATLA 1357

HEKLA 1341

L ANDNAM ASH

i L 1 L L L L
20 25 30 35 40 45 50
INORGANIC CONTENT OF PEAT (°/o)

Fig. 6. Ketilsstadir: variation in inorganic content of
peat at section BR1. — Mynd 6. Breytingar d magni
Olifreens efnis { mé ur snidi BR I { myri vi0 Ketilsstadi.

Material moving off the encircling steep slopes and
any aeolian sediment has also been caught. Sections
through the bog thus provide information on the evo-
lution of the area, perhaps since the end of the last
glaciation, although present exposures only cover the
last two thousand years.

A section, at about the centre of the basin, shows an
intercalation of tephra layers with peat and organic
silts (fig. 5). Close to the surface, the peat is extremely
fibrous and of a reddish-brown colour but, at greater
depths, it is more compressed and humified. Towards
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the margins of the bog, the sequence of peat and
tephra horizons is interrupted in places by lenses of
gravel, sand and silt. The sedimentology suggests a
bog whose surface is intermittently covered with flood
water, with small streams that move in an irregular
pattern across its surface. These streams, probably
ephemeral flow from snow melt, may have brought in
material from the sides of the basin which was then
deposited because of the low energy associated with
the gentler angles of the bog surface and because the
sediment was trapped by vegetation. Aeolian material
has also been deposited on the surface, contributing to
the much higher inorganic content of the upper part
of the stratigraphy.

The semi-enclosed nature of the basin allows the
inorganic content to be used as an indicator of the
amount of material being brought into the basin by
the various geomorphological processes. At Ketils-
stadir, the Landnam tephra in the lower part of the
section provides a marker for pre- and post-Settle-
ment organic deposition and this content can be com-
pared with the inorganic. The evidence from other
areas (Thorarinsson, 1961; 1981) is one of increasing
erosion and consequent deposition in basins since
Landnam. A series of loss on ignition tests on samples
through the organic parts of the succession was some-
what inconclusive (fig. 6). Valid conclusions are diffi-
cult to make because of variability, both spatially and
temporally, in inorganic inputs and the sampling
problems this poses; aeolian sediment may have been
reworked during the spring melts before becoming in-
corporated in the peat and organic silts.

In the limited depth of stratigraphy which could be
observed, the situation pre-Landnam appears to have
been fairly stable, apart from one abnormally high
value in the loss on ignition tests (fig. 6). There is a
slight increase in inorganic content immediately after
Landnam and then a gentle decline until the tephra
layer associated with the ~1357 eruption of Katla is
reached. This is by far the thickest tephra layer and
the sample from the peat immediately below may
have been contaminated, contributing to the high
inorganic content. This thickness of tephra may have
instigated local erosion by killing the vegetation as
well as itself being weathered and moved by geo-
morphological processes. This is tentatively inferred
from the higher inorganic content in the peat immedi-
ately above the tephra.

The modern drainage of the basin seems largely to
have stabilised the former bog surface. Although some

erosion continues on the rofbards of the surrounding -

overgrazed slopes, both screes and other surfaces show
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some evidence of revegetation and the major changes
of the last one thousand years may be giving way to a
new stasis.

MODERN FLORA AND FAUNA

A limited survey of modern flora and fauna was
carried out so as to place in context the interpretation
of the fossil remains. A survey of the area was made
during two summers (D.R.S.) and the plant species
recorded were assigned to five habitat zones. Within
each of these, Domin cover values for all species in
randomly located quadrats were recorded. These were
converted to a percentage scale (Bannister, 1966) and
analysed using the CLUSTAN computer package
(Wishart, 1978). The resulting dendrograms support
the subjective delineation of five habitat zones sur-
rounding the Ketilsstadir sampling area:

1. Hayfield on the former bog surface, now drained
and reseeded, dominated by the grasses Phleum
pratense, Festuca spp. and Poa spp., with wetland
species confined to ditches.

2. Improved pasture, formerly scythed hayfield;
diverse, highly anthropogenic flora with many species
typical of disturbed and broken ground (e.g. Rumex
acetosa).

3. Unimproved pasture, lightly grazed by sheep;
intermediate zone dominated by grasses with much
Equisetum arvense, Luzula multiflora and Alchemilla
filicaulis.

4. Upper slopes, discontinuous eroded pasture;
grasses, mosses and much bare ground with extensive
growth of arctic/alpine types (e.g. Erigeron boreale,
Alchemilla alpina and Potentilla crantzii).

5. Summit, heavily grazed and nearly bare;
cushions of Silene acaulis and Thymus praecox, with
scattered Cardaminopsis petraea, Galium normanii
and Koenigia islandica.

Collection of invertebrates was restricted to the
Coleoptera (beetles), the group which provides the
most frequent identifiable fossils. A transect from the
ridge to the bog surface was searched and swept.
Although variations in the physical environment in-
fluence capture and hence numbers of individuals, the
resulting faunas may be compared with the fossil
ones. The ground beetle Notiophilus biguttatus
seemed the most eurytopic species, whilst Nebria
gyllenhali, Bembidion grapei, Amara quenseli, Lath-
robium fulvipenne, Hypnoidus riparius and Otiorhyn-
chus arcticus are characteristic of the bare ridge crest
(vegetation zone 5). N. gyllenhali was also found in
open, unvegetated parts of the peaty ditch banks. In



Taxon

KEI/7 KEI/14

KE1/1 KEI/2 KE2/2 KE3/2 BRI1/2 KEI1/5 KEI1/3 KEI/6 KEI/4

Selaginella selaginoides (L.) Link. 82.0 9.3 2.6 190.8 24.1 24.0 745 - 6.5 - 1.4
Rumex sp. = = = o= 0.2 = = = = — =
Montia fontana L. - — - - — — — — — 0.1 —
Stellaria media L. - — - - 0.5 — — — — — —
Cerastium sp. - — — — 2.0 — — - - 0.1 —
Ranunculus cf. acris L. 0,3 0.4 — = 0.1 — — = = — =
Alchemilla sp. 9.5 3538 — 0.2 1.2 1.5 104 — — — —
Empetrum nigrum L. - - — - 1.0 - — - - - -
Menyanthes trifoliolata L. — = = = — = — — — = 4.9
Gramineae (indet.) = — — = 0.9 = = — = — —
cf. dlopecurus geniculatus L. — - - - - — — - - 0.3 -
Carex spp.(indet.) 13.8 5.1 — 20 669 59.8 894 — — 1.9 33
Juncus Spp. (indet.) — 0.1 — 0.1 8.1 0.3 0.7 — — — —
Luzula cf. multifiora (Retz.) Lej 0.4 0.7 — 0.1 3.8 155 2.2 8.4 - 0.3 —
TOTAL seeds/100 g 1060 51.4 2.6 1923 108.8 77.1 177.2 8.4 6.5 257 9.6

Number of taxa. - 5 6 1 5 12 5 5 1 1 5 3
———— (= V ] [ - J

Post 1357 Pre-1357 Pre-Landnam

Table |:

Plant macrofossils from Ketilsstadir, southern Iceland (numbers expressed per 100 g of sample).

Det. D. Savory.

the more richly vegetated parts of the ditches occurred
Trechus obtusus, Stenus carbonarius and Lesteva
longoelytrata (within vegetation zone 1).

SAMPLING

In 1979, after detailed examination of the strati-
graphy, a section was selected in one of the more re-
cently cut ditches (fig. 5) for sampling. Taking due
regard of the tephra stratigraphy, a sequence of 22
Samples (BR1/1—22) was taken in slices roughly
100mm thick. Each sample, of about 2.5kg, was
bagged in polythene and returned to Birmingham for
Processing. Separate samples were taken for tephro-
Chrf)nological study. Since it was important to ex-
amine spatial as well as temporal variation in flora
al_ld fauna, an additional sequence of samples, imme-
diately adjacent to the 1979 samples, was taken in the
follqwing year (KE1/1—15), overlapping with the
earlier samples and extending the succession to above
the 1357 horizon and to the base of the ditch. In
anition, using the tephra horizons as isochrones
(time stratigraphic markers, Buckland et al., 1981),
further samples (KE1 suppl.; KE2; KE3; KE4) were
collected from elsewhere in the bog (fig. 3) from above
and below the ~1357 Katla ash (KE2—4/1—2) and
from beneath the Landnam ash (KE2—4/3).

Processing of samples

The recovery of macrofossils from Quaternary sedi-
ments has been considered in some detail by Kenward
et al. (1980) and the kerosene (paraffin) flotation
technique, devised by Coope and Osborne (1968) for
the recovery of insect remains has been discussed by
Coope (1985) and Sveinbjarnardottir et al. (1981).
Samples are disaggregated in water over a 300 pm
sieve, drained and kerosene added. This adsorbs onto
the fragments of insect cuticle and these float with the
kerosene when water is added; a reasonable sub-
sample of the seed flora may also be obtained by this
technique but it is necessary to sort a subsample of the
whole, separated further into >2mm and >1mm frac-
tions, before a representative flora can be obtained.
For the Ketilsstadir samples, this was a tedious pro-
cess and it was not possible to process as many
samples for plant macrofossils as for insects. After
flotation, both flotant and residue are separately
washed in detergent and alcohol to remove the kero-
sene and are sorted in alcohol under a binocular
microscope. Identification is carried out using exten-
sive modern reference collections. Table 1 lists the
number of seeds and macrospores per 100g of sample
and table 2 lists the insect taxa recovered from the
Ketilsstadir samples. The number of individuals is
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calculated on the basis of the minimum number of
individuals needed to account for all of the exoskeletal
parts recovered.

A total of 46 samples were examined for insect
remains and 28 taxa of Coleoptera (beetle) were
identified; 23 of the samples were from deposits previ-
ous to the deposition of the Landnam ash (~900).
Fragments of Dipterous puparia, head capsules of
Hymenoptera (Parasitica), a few larval fragments of
Tricoptera and large numbers of mites, principally
Oribatei, also occurred but only in the case of the
Tricoptera (cf. Buckland et al., 1986) is knowledge of
the fauna sufficiently advanced to allow identification.
Only 11 samples, of which four were pre-Landnam,
were processed for plant macrofossils.

NOTES UPON PARTICULAR TAXA

Hydraena britteni Joy

By far the most surprising find in the Ketilsstadir
samples were large numbers of heads, thoraces and
elytra of a small Hydraenid (sensu Lohse, 1971) beetle
whose identification as Hydraena britteni Joy was
confirmed by the recovery of an abdomen, complete
with aedeagus, from sample BR1/8. This insect has
yet to be found living at the present day in Iceland
and some of the implications of its discovery have
been discussed elsewhere (Buckland et al., 1983). An
inhabitant of wet Sphagnum moss (Lohse, 1971) and
shallow flooded grassland (Balfour-Browne, 1958), it
is difficult to collect by standard entomological
techniques and it may have been overlooked in Ice-
land. It has also been found fossil in ninth to fifteenth
century deposits at Holt in Eyjafjallasveit, some 32km
to the west (Sveinbjarnardottir, 1983). Its presence in
samples of sixteenth to seventeenth century age from
archaeological deposits on-the farm site at Storaborg,
east of Holt (Perry et al.; 1985), may, however, be re-
lated to peat taken to the site as fuel, a problem noted
elsewhere in samples from wholly man-made deposits
(Hall et al., 1981). In Iceland, there is some evidence
to suggest that the post-medieval period includes some
of the coldest years since the last glaciation (cf. Thér-
arinsson, 1981; Buckland et al., 1986) and the possi-
bility of a ‘Little Ice Age’ extinction, as recently sug-
gested by Girling (1984) for the water beetle Gyrinus
colymbus Er. in England, has been considered (Buck-
land et al., 1983).

Lathrobium brunnipes Fabricius
Whilst the identification lacks the confirmatory evi-
dence of the aedeagus, there can be little doubt that
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the many fragments of a species of Lathrobium in the
Ketilsstadir samples belong to L. brunnipes F. and not
the more widespread species at the present day, L.
Jfulvipenne. The former is known in Iceland from a few
specimens taken by Lindroth (1965) at two localities
in Hornafjordur and a recent find in Landbrot,
W.-Skaftafellssysla (Erling Olafsson, pers. comm.).
Like H. britteni, it is also an insect of Sphagnum bogs
and is widely distributed in upland areas of northern
Europe (Lohse, 1964). This Staphylinid beetle is a
much more common fossil than its present frequency
would lead one to expect, occurring also at Holt in
Eyjafjallasveit and Képavogur, near Reykjavik (Buck-
land et al., 1986) in some numbers in both pre- and
post-Landnam deposits. Whether the widespread
drainage and improvement of suitable habitats has
resulted in its present rarity is uncertain.

Bryaxis puncticollis Denny

Six individuals of the minute Pselaphid beetle
Bryaxis puncticollis were found in Ketilsstadir de-
posits and the species is clearly part of the fauna
which predates the arrival of man in Iceland. It is
known at the present day from only two localities,
Dynjandi in Hornafiordur (Lindroth, 1931) and
Asélfsskéli in Eyjafjallasveit (Lindroth et al., 1973).
The modern Icelandic records are from grassland but,
in Central Europe, the species is a pronounced forest
animal, occurring “in withered leaves at the base of
old tree stumps” (Larsson & Gigja, 1959). It is possi-
ble, therefore, that it should be regarded as an Ur-
waldrelikt in the Icelandic fauna (cf. Buckland (1979)
on the British forest fauna), although Pierce (1957)
notes the beetle from habitats similar to its Icelandic
one in Britain.

THE PALAEOENVIRONMENT
Pre-Landndm

Whilst there is evidence from elsewhere in southern
Iceland for settlement before the eruption which dis-
tributed the so-called ‘Landnam tephra’ over much
of the country (Larsen, 1984), this distinctive layer
provides a suitable horizon before which the land-
scape is essentially unaffected by man. For sev-
eral hundred years, until Landndm, the bog at Ket-
ilsstadir shows relatively little environmental change.
Neither stratigraphy nor macrofossils provide evi-
dence for birch woodland occupying the surface of the
bog, although fragments of wood occur in several pre-
Landndm samples, suggesting that trees occasionally
gained a foothold on temporarily drier areas. Whilst



Insect fossils from Ketilsstadir, southern Iceland. Taxonomy follows Larsson & Gigia (1959), with

Table 2

from Lindroth et al. (1973) and Kloet & Hincks (1977). Det. D.W. Perry & P.C. Buckland.
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occasional variations in the fossil biota imply varying
degrees of local wetness on the surface, there is insuffi-
cient evidence to regard this as anything other than
the result of the natural processes of bog growth (cf.
Moore & Bellamy, 1973), rather than as indications of
climatic change.

The limited evidence from the fossil seeds and
megaspores is shown in table 1. Only 5 taxa, distri-
buted among 4 samples are recorded, the matrix of
each being dominated by poorly preserved Sphagnum.
Most of the plants can be found on the bog at the pre-
sent day but clubmoss, Selaginella selaginoides, re-
presented by large numbers of megaspores in several
samples, is now confined to the upper slopes of Geita-
fjall, presumably having been shaded out by the
denser growth of grasses and sedges on the now drier
bog surface. The bog bean, Menyanthes trifoliata,
appears in KE1/4, a sample which is considerably
earlier than Landnam, the drier nature of the surface
is probably the reason for its absence from the bog at
the present day.

In virtually all samples, the beetle fauna (table 2) is,
not surprisingly, indicative of a bog environment.
Small pools of open water are indicated by the
Dytiscid water beetles Hydroporus nigrita and Agabus
bipustulatus. Hydraena britteni, on evidence from
elsewhere in Europe (Lohse, 1971; Balfour-Browne,
1958), probably lives in amongst the wet Sphagnum
cushions at the sides of the pools. Several of the
Staphylinids would also appear in the wet habitats on
the bog surface, including species of Stenus and Lath-
robium brunnipes. Somewhat drier areas are implied
by some of the Carabids but all might be found in an
intermittently rather less damp tussock and pool en-
vironment, where beetles such as Pterostichus dili-
gens, P. nigrita and Quedius umbrinus could occur
among the grasses and sedges and in the accumulation
of decaying plant debris. The paucity of phytophages
in the Icelandic fauna means that little can be added
to the list of plant species by way of the insects which
feed upon them. Both of the weevils Otiorhynchus
nodosus and Tropiphorus obtusus are polyphagous on
a wide variety of plants, the larvae feeding on the
roots (Lindroth et al., 1973).

Post-Landndm

Above the Landnam tephra, the impact of man
rapidly becomes apparent in the succession. The most
diverse flora occurs in sample BR1/2, from immedi-
ately below the ~1357 tephra fall, a reflection of the
increased habitat variety created by human activities.
The flora includes the chickweed Stellaria media, a
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plant if not introduced by man (Steinddrsson, 1962)
much encouraged by his disturbance of the ground,
and the buttercup Ranunculus cf. acris may also
belong to the group of anthropochorous plants. The
limited nature of the flora, however, allows few con-
clusions and the beetle fauna can add little in terms of
information on the species of plant rather than the
general nature of the vegetation. Byrrhus fasciatus is a
moss feeder usually found in drier localities among
stones and mosses rather than in bogs but it is a
capable flier (Lindroth et al., 1973). The larvae of the
click beetle Hypnoidus riparius are generalised feeders
upon the roots of grassland vegetation and it is sugges-
tive of a somewhat drier situation. Since the imago is
flightless (op. cit.), it is probable that the area became
at least intermittently less boggy after Settlement. In
part, this may reflect the increased sediment input to
the basin (fig. 6) but peat cutting for fuel (fig. 4) must
also have altered the drainage pattern.

The weevils are more informative. Whilst Stropho-
somus melanogrammus has been taken in Iceland in
localities away from scrub (Larsson & Gigja, 1959;
Lindroth et al., 1973), it is more characteristic of birch
woodland, where the imago eats the leaves and young
shoots; it may be regarded as an Urwaldrelikt in the
Icelandic fauna, now surviving in such conserved
areas of woodland as those in Thérsmork. Crucifers
are absent from the fossil record at Ketilsstadir, a con-
trast with the modern flora, where the shepherd’s
purse, Capsella bursapastoris, is frequent on the dis-
turbed ground around the farm and along the sides of
the road to Vik, and rock cress, Cardaminopsis
petraea, grows abundantly on the bare slopes of
Geitafjall (Greig, pers.comm.). The small weevil,
Ceutorhynchus contractus breeds in many different
species of Crucifer (Dieckmann, 1972) but the few
modern Icelandic records, including one from Vik
(Larsson & Gigja, 1959), tend to be coastal, where the
species perhaps breeds in scurvy grass, Cochlearia
officinalis; Lindroth (in Lindroth et al., 1973) also
records the beetle from a whitlow grass, Draba
nemoralis, in southern Iceland. Both Ketilsstadir
records are post-Landndm but this weevil appears
beneath the Thjorsarhraun at Thjérsarbri in deposits
of about 8,000 B.P. (Buckland et al. 1986).

Although the faunas become considerably more
diverse after Landnam (fig. 7), only two species of
beetle are directly associated with man. The dung
beetle, Aphodius lapponum, could not have lived in
Iceland before the introduction of large herbivores; it
first appears in the Ketilsstadir succession in sample
BR1/10, probably belonging to the eleventh century.
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AS well as the dung beetle, the greater part of the
Insect fauna associated with stored hay must have
been introduced by man. At Holt (Sveinbjarnardottir,
1983), much of the fauna has been found in deposits
dating to shortly after Landnam, but at Ketilsstadir,
probably because of the greater distance to an
occupied farm, only one individual belonging to this
group has been recorded. A single elytron of Lathri-
dius sp. was found in sample KE/Supp., from the
corner of a peat cutting infilled with ash from the
~1357 eruption of Katla (fig. 4). Whilst Larsson and
Gigja (1959) list only L. minutus from Iceland, recent
work on the genus (Tozer, 1973) has shown that this
taxon consists of three species and specimens, taken
by Drugmore (1981), from barns in Eyjafjallasveit,
have been determined by Tozer (pers.comm.) as L.
minutus L. and L. anthracinus Mannh. Since it is
possible that the third species, L. pseudominutus
SFrand, may eventually be identified amongst Icelan-
dic material, the identification of the fossil has to be
left at L. (minutus) group. All three species are
markedly synanthropous in the northern parts of their
distribution, being common in the artificially warm
environment of stored, mouldy hay, where they feed
on fungi. They are, however, effective fliers, dispers-
Ing out into the hayfields on warm days in summer
(Dugmore, 1981), and the presence of an individual in
the Ketilsstadir peat cutting is not surprising.

Several other, less synanthropous taxa are only
recorded from post-Landnam deposits (table 2) but
their significance can only be assessed after the study
of several comparative sites (cf. Buckland et al.,
1986), although some clearly reflect habitat variation
on and around the bog. The opening up of the bog
surface by peat cutting would have provided habitat
for such species as Lesteva longoelytrata and several
taxa must reflect changes in the immediate vicinity of
the bog. It is probable that the poorly vegetated slopes
of Geitafjall today are anthropogenic, a result of over-
grazing by sheep. Some beetles, in particular, Amara
quenseli and Byrrhus fasciatus, would have found an
expansion of suitable habitats as a result of this loss of
soil cover. Others, like the forest element represented
by Strophosomus melanogrammus, have seen a pro-
gressive impoverishment of their biotope. Similarly,
animals of wet meadowland and Sphagnum bog, like
Lathrobium brunnipes and Hydraena britteni may
also have seen a decline in their available habitats,
particularly as modern drainage techniques have
come to be more generally applied. More quantitative
data on Coleopteran assemblages is, however, re-
quired before the impact of such changes can be fully
understood.

DISCUSSION

A major problem in the more detailed interpret-
ation of Coleopteran assemblages, living and fossil,
remains the virtual lack of studies of living assem-
blages (biocoenoses) and the fate of insect fragments
after death (taphonomy). Detailed examination of
insect biocoenoses were carried out by Lindroth
(1965) at Skaftafell and Dugmore (1981) has recently
provided quantitative data in synanthropic, hayfield
and bare ground situations by use of pitfall traps in
Eyjafjallasveit. There are similar limitations to inter-
pretation in detail elsewhere in Europe, particularly
in archaeological contexts (cf. Kenward, 1978). The
catchment of the Ketilsstadir bog and the representa-
tive nature of individual samples are difficult to
assess. Preservation favouring aquatic species in the
bog is perhaps evident in the BR1 succession, where
the richer samples (table 2) are those containing water
beetles and fragments of their larvae; a vertical succes-
sion of alternating tussocks and pools through time
may be indicated by the fluctuating numbers. The
contrast between BR1/2 and KE1/5, samples which
were immediately adjacent and sealed by the ~1357
tephra present a cautionary tale, which may be ex-
plained by the irregular nature of the bog surface,
although such is rarely evident in the disposition of
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Table 3:
Sample groups 1 and 2 from Ketilsstadir (for discus-
sion, see text).

Ward’s method/
Euclidean distance
groupings

Group average/
Jaccard
Sample number groupings
KE1/1
1/2
3/1
4/1
BR1/2
KE1/5
2/2
3/2
4/2
KE/SUPP
BR1/3
1/4
1/5
1/6
1/7
1/8
1/9
1/10
KE1/3
BR1/11
1/12

1/13
KE1/6
4/3
BR1/14
1/15
KE1/4
BR1/17
1/18
1/19
1/20
1/21
1/22
KE1/7
1/8
1/9
1/10
1/12
1/13
1/14
1/15

Group 1 Group 2 Group 3
Post Landnam 7 8 6
Pre Landnam 0 1 19

Post Land-
nam

Pre Land-
nam

L LN L2 LW LW W LW W W WL WL WWUWWINN=NN=WW——DN—DNWNW—LWWNW
W LW R W LW WL WL WWWWWWWWI NN =N =W =N — D)W W—WWwWN W
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the tephra layers. The use of several contemporaneous
samples, facilitated by tracing tephra horizons across
the former surface of the bog (Buckland et al., 1981),
can help to clarify spatial variations in the palaeo-
environment, although the low diversity of the Ice-
landic fauna and the relatively small numbers of
individuals in the Ketilsstadir samples raises doubts as
to the statistical validity of any comparisons. In such
situations, Perry et al. (1985) have recently advocated
the use of cluster analysis and two of the hierarchical
techniques used therein were applied to the Ketils-
stadir data (table 3) using the CLUSTAN package
(Wishart, 1978; for a further example, see Perry,
1981). Three broad groupings are apparent*. Group 1
is exclusively post-Landnam and group 2 is pre-
dominantly so. Group 3 is represented throughout the
whole sequence. Taken together groups 1 and 2 are
clearly indicative of a pronounced environmental
change in the post-Landndm period (fig. 7). Taking
group 1 to be the most extreme, the respective faunas
clearly show the environmental impact of man’s pre-
sence and the greater habitat diversity created by his
activities. The analyses support the suggestion that the
bog became intermittently less wet after Settlement,
with an increased minerogenic input and a more
diverse flora. Such effects can be explained by over-
grazing on the surrounding slopes, medieval peat
exploitation and introductions by man. That the
Group 1 type faunas are not in the majority in the
post-Landnam period is probably due in part to
sampling effects, but, most importantly, seems to be a
consequence of the ~1357 eruption of Katla. The
post ~1357 faunas are markedly impoverished, sug-
gesting that this ashfall had a major environmental
impact, which is still evident in the highest samples.

Although the modern faunas grouped together with
the post-Landndm samples, they were not in Group 1.
There would seem to be two reasons for this: they re-
present a biased snapshot of the actual living faunas,
and are necessarily less diverse because of this, and
the present day environment at Ketilsstadir is un-
doubtedly a further development from the one under
consideration.

Species groupings were also detected (table 4) and
provide a more detailed indication of the impact of
man and his livestock. Group 1 contains species
which are the characteristic ‘core assemblage’ of the
bog environment, occurring right through the succes-
sion. They emphasise the damp, vegetated nature of
the former bog surface and the presence of ephemer-
al pools. This is not an association which can be re-
garded as typical at the present day, which presum-



Table 4: Species groups 1 and 2 from Ketilsstadir (for
discussion, see text).

Species Group 1
Lathrobium brunnipes
Quedius umbrinus
Stenus spp.
Hydroporus nigrita
Hydraena britteni

Species Group 2
Patrobus septentrionis
Lesteva longoelytrata
Hypnoidus riparius
Othius angustus
Gabrius trossulus
Aphodius lapponum
Aleocharinae indet.
Otiorhynchus nodosus

ably reflects the changing nature of the ‘natural’ en-
vironment. The most likely explanation of this dis-
Crepancy, aside from the possibility of climatic
change, is the activity of man in altering the bog habi-
tat for his own purposes.

,Group 2 appears to be a characteristic post-Land-
nam association. Of these, Patrobus septentrionis,
Otiorhynchus nodosus and the Aleocharinae occur
pre-Landndm, the remainder are exclusively post-
Landnam, although several are known elsewhere in
carlier deposits (Buckland et al., 1986). Only
Aphodius lapponum is directly associated with man.
The species are all commensurate with a somewhat

lC)lrier, more diverse habitat than that of the natural
og.

CONCLUSION

: The overview obtained by a study of the macrofos-
sils from the Ketilsstadir bog is one of relatively low
species diversity but high numbers prior to the arrival
of man. The bog surface seems to have been wetter
before Landndm and the anthropogenic influence on
the locality, reflected in an increased mineral com-
ponent of the deposits and changes in the insect
faunas, may well relate to grazing pressure, causing
erosion of the surrounding slopes and modifying the
flora of the bog and its environs. Some local drying of
the surface may relate to medieval peat exploitation.
The extensive and relatively frequent falls of tephra
would seem to have had no significant long term
effects upon the biota of the bog. As noted above,
however, the faunas from above the 300mm thick
tephra from the eruption of Katla in ~1357, which
must have brought about widespread local extinction
of biota and temporary abandonment of farms in the
area, are much poorer than those immediately below,

suggesting that reimmigration from the nearest
‘refugia’ may have been a protracted process, although
a more extensive sampling programme would be
necessary to test the statistical validity of this state-
ment.

ACKNOWLEDGEMENTS

This multidisciplinary research project could not
have been carried out without the ready cooperation
of colleagues both in Iceland and Britain. Historical
and palaeoecological research has been funded by a
major award from the Leverhulme Trust to whom
primary acknowledgement must be made. In the field
the assistance of J.M. Buckland, A.J. Dugmore and
Mr. & Mrs. J.R.A. Greig is gratefully acknowledged
and the results owe much to discussions with the late
Kristjan Eldjarn and the late Sigurdur Thoérarinsson;
Erling Olafsson kindly commented upon the fossil
insect data and G.R. Coope and P.J. Osborne com-
mented upon the various drafts of the manuscript.
Fieldwork was carried out in Iceland under National
Research Council permit nos. 1/80 and 48/80. The
cooperation of the farmers in the Ketilsstadir area is
appreciatively noted.

FOOTNOTES

1. Landnamabdk — an account of the discovery and
settlement of Iceland, compiled in the late 13th
century (Benediktsson, 1969) or even early 12th
century (Rafnsson, 1974).

2. h = hundred, a measure usually expressed in long-
hundreds = 120; lh = 120 ells homespun or one
cow in value, i.e. the value of a 4—8 yr. old cow
which had calved once.

3. Hired cattle provided a form of rent; the lease-
holder was obliged to rent a certain number of
cattle from the owner.

4. This information updates that previously pub-
lished in Buckland et al., (1981). In that paper, a
lapsus calumni allowed the weevil Tropiphorus
obtusus to be listed as Hypera suspiciosa.
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AGRIP
1

A [slandi eru adstedur ad morgu leyti heppilegar til
ad kanna ahrif fabrotins landbunadar 4 natturulegt
umhverfi, m.a. vegna pess hve seint landid byggist og
vegna gddra moguleika 4 ad timasetja einstaka vid-
burdi med gjoskutimatali. Rannsékn med betta ad
markmidi var gerd 4 skordyra- og plontuleifum ur
myri vid Ketilsstadi i Myrdal. Huin var gerd i tengsl-
um vid athuganir 4 landmotunarpattum svadisins og
byggdasogdu bess og studdist einnig vid timatal byggt
4 gjoskuldgum af pekktum aldri. Tilgangurinn var ad
athuga hvada breytingar heféu ordid & lifriki myrar-
innar i timans ras, einkum eftir landnam.

Myrin vid Ketilsstadi var upphaflega pyft votlendi
en tok ad breytast pegar eftir landnam vid ad 6lifrent
set barst 1 hana { auknum meli, liklega vegna ahrifa
beitar 4 purrlendid umhverfis. Skordyrafanan vard
jafnframt fj6lbreyttari sem bydir ad ny kjorlendi hafa
skapast vegna mannvistar i ndgrenni hennar. bar &
medal eru skordyr sem gatu ekki brifist hér fyrr en
menn komu hingad med bufénad sinn. Mikid gjosku-
fall i Kotlugosi um 1357 haféi veruleg og langvarandi
ahrif alifriki myrarinnar, en 6nnur gjoskulog, sem par
eru, viréast yfirleitt ekki hafa haft teljandi ahrif a lif-
rikid.

55



