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HUMAN INFLUENCE ON NATURAL ARCTIC VEGETATION IN THE
17TH CENTURY AND CLIMATIC CHANGE SINCE A.D. 1600 IN
NORTHWEST SPITSBERGEN: A PALEOBOTANICAL STUDY

W. O. vAN DER KNAAP
Arctic Centre, Rijksuniversiteit, Groningen, The Netherlands
and Laboratory of Palaeobotany and Palynology
State University of Utrecht, Utrecht, The Netherlands

ABSTRACT

Paleobotany is used to study the human influence on vegetation in the first half of the
17th century around Smeerenburg, a temporary Dutch whaling settlement on Amsterdam
Island in northwest Spitsbergen. The local vegetation succession recorded in a settlement dia-
gram indicates that the nutrient level of the soil increased strongly during the settlement period
and decreased only slowly after the departure of the whalers. Climatic change since A.D.
1600 is reconstructed with palynological methods. The core from the settlement contained
in layers representing the settlement period a great number of pollen types alien to Spitsbergen,
evidently brought there by the Dutch whalers. In bird-cliff sediment cores collected 4 km from
Smeerenburg these types were used to trace the settlement period. In a peat bog core collected
about 100 km south of Smeerenburg the settlement period was traced by a radiocarbon date.
Additional chronological correlation was established by means of lithological characteristics.
At the bird cliff and in the peat bog no changes in local vegetation type were recorded during
the last few hundred years. However, concordant trends observed in the pollen curves of the
concentration diagrams were, by means of a simple calculation, rendered into separate curves
for each diagram, defined as common-trend curves. The common-trend curves are interpreted
in terms of climatic change. The reconstructed climate is as follows: a general deterioration
during the first half of the 17th century, only interrupted by a short and passing ameliora-
tion. The results are in accord with climatic reconstructions in literature for northwest Spits-
bergen based on historical data and for Camp Century (Greenland) based on an ice core.
The diagrams indicate the former presence of two taxa not yet known from Spitsbergen: Myrio-
phyllum spicatum and Parnassia.

INTRODUCTION

During the years 1980 to 1982, palynological studies
were carried out on materials from Amsterdam Island and
Broggerhalvgya, northwest Spitsbergen, as part of the so-
called Smeerenburg project of the Arctic Centre, Rijks-
universiteit, Groningen, The Netherlands. The aim of this
multidisciplinary project is to investigate and reconstruct
the living and working conditions of the 17th-century
Dutch whalers in Spitsbergen.

©1985, Regents of the University of Colorado

The Dutch whalers hunted especially the Greenland
whale. The main hunting area was situated in the north-
western corner of Spitsbergen in the Smeerenburg Fjord,
a bay separated from the northern Atlantic by Amster-
dam Island and Danish Island. Between about 1615 and
1650 a small whaling station called Smeerenburg (Blubber
Town) developed along the fiord on the sandy beach of
Amsterdam Island. The ideal feeding area for the Green-
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land whale was determined by the proximity of drift ice
and the zone of confluence of cold and warm waters from
the eastern and western Spitsbergen currents (the conver-
gence zone). Changes in the position of drift ice and sea
currents strongly affected the whaling industry, because
it influenced both the position of the feeding areas of the
Greenland whales and the length of the working season
of the whalers. A close relationship between the activi-
ties of the 17th-century Dutch whalers in Spitsbergen and

climatic changes can therefore be expected. Possible
changes in climate during the 17th century are recon-
structed here by means of paleobotany and the results
are compared with historically recorded changes in cli-
mate. Deposits formed during the last few centuries were
collected on Amsterdam Island and on Brgggerhalvgya,
about 100 km to the south. The methods included the
study of macrofossils and pollen analysis, both of cores
and of surface samples.

SITES OF INVESTIGATION

Figures 1 and 2 show the location of the five cores and
of the surface samples.

SMEERENBURG

A core was collected in the Smeerenburg settlement,
only 15 m from the remains of a house, about 2 m from
a fresh-water lagoon, at about 75 m from the sea and a
few meters above sea level. Undisturbed sediment of thin
horizontal moss and sand layers underlies and overlies
a foul-smelling zone containing pieces of brick, wood,
and coal between 15 and 18 cm.

SORE SALATBERGET

Three cores were collected from a small patch of vege-
tation on the bird cliff “Sgre Salatberget” 4 km west of
Smeerenburg, about 40 m above sea level. The vegeta-
tion layer was removed from the cores in the field. The
material is compact and has clear strata, mainly of plant
remains, including some sand and small stones, fragments
of bones and feathers of birds, fish-bones, and fragments
of shells and crustaceans.

STUPHALLET
A core was collected from a peat bog below the bird
cliffs of Stuphallet on Brgggerhalvgya, about 100 km
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FiGURE 1. Map of Spitsbergen indicating coring localities (names
of coring sites in parentheses).

372 / ARCTIC AND ALPINE RESEARCH

south of Smeerenburg, and 7 km northwest of the world’s

northernmost human settlement, Ny Alesund, about
30 m above sea level. The core was taken from the frozen
side of a narrow, deeply incised small stream in the middle
of the bog. The length of the core in the field was 85 cm,
but it shrank to 75 cm due to melting of ice layers below
30 cm and especially below 60 cm. The lithology is as
follows:

0-3 cm: living mosses

3-16.75 cm: thin layers of compact moss material,
no sand

16.75-17.25 cm: black remains of Saxifraga oppositi-
folia

17.25-22.5 cm: compact, decomposed mosses, silty

22.5-46 cm: loose mosses, obscurely layered, some sand

46-75 cm: loosely curled mosses, no apparent stratifi-
cation, some sand; below 60 cm there are irregular
ice layers, and at 44-48 cm there is a hollow with
a plug of fresh mosses (not sampled).

In the field at least 30 cm of pure ice was observed
below the core. See Appendix for a more complete de-
scription of the sites and the vegetation of the coring and
the surface-sample sites.
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FiGure 2. Map of Amsterdam Island indicating coring locali-
ties (underlined) and surface-sample localities (numbers 1-10).



METHODS AND PRESENTATION OF RESULTS

LABORATORY METHODS

The Smeerenburg core was subdivided into 19 sections.
Two small samples of organic material were taken from
each section, one for pollen analysis and a parallel sample
for loss-on-ignition determination. The remaining mate-
rial was used entirely for the analysis of macrofossils.

The samples from the other cores all have a length of
0.5 cm. Consequently, Sgre Salatberget core C and the
upper 23 cm of the Stuphallet core were sampled con-
tinuously, but for the rest there are gaps between the
samples.

A constant volume was sampled in Sgre Salatberget
cores A and B by pushing the sediment with a spatula
into a small sampler of a known volume. Dry weight was
measured for samples of Sgre Salatberget core C and the
Stuphallet core. Pollen concentrations were determined
by the addition of tablets containing a known number
of spores of Lycopodium clavatum (Stockmarr, 1971).
Unfortunately, volume and dry weight were not measured
simultaneously for all samples of the five cores. Treat-
ment methods, more fully described by Faegri and Iversen
(1975), are mentioned here briefly: (1) addition of a Lyco-
podium tablet to each sample and gentle heating in HCl
30%; (2) heating for S min in KOH 10%; (3) sieving of
the samples in one of two ways (for Sgre Salatberget cores
A and B and the Smeerenburg core the material was
sieved over a 0.25-mm mesh screen. Pollen and spores
in the samples of Sgre Salatberget core C and of the
Stuphallet core were concentrated by sieving the mate-
rial over a 0.12-mm mesh screen, followed by heating at
90°C for 10 min in KOH 10%); (4) cold overnight treat-
ing with HF 30%; (5) acetolysis.

Loss-on-ignition was determined for Sgre Salatberget
core C and for the Stuphallet core. Radiocarbon dates
(one level in Sgre Salatberget core B and six levels in the
Stuphallet core) were provided by Prof. Dr. W. G. Mook
of the Isotope Physics Laboratory, Groningen, The
Netherlands. The actual number of pollen and spores
counted was not fixed a priori, but about six to ten
morphological types was considered reasonable, depend-
ing on the core. No more than three slides were counted
for any of the samples. In the Sgre Salatberget cores the
so-called black chips, supposed to originate from the
cooking of whale blubber, were also counted. These black
chips constitute pitch black particles, sometimes with

bluish edges (those with brown edges were excluded), with
shapes reminiscent of broken glass, with straight or
curved sides and sharp angles, but never with granulate
margins.

The surface samples were treated in the same manner
as the cores, but no Lycopodium tablets were added.

All pollen grains and spores of vascular plants and
Sphagnum were identified to the lowest possible taxo-
nomic level. Verbeek-Reuvers (1977a) was used for the
identification of Saxifragaceae pollen.

PRESENTATION OF RESULTS

The results are presented here as concentration dia-
grams for all sites and a relative diagram for part of the
macrofossil analysis of the Smeerenburg core. Pollen and
spore types have been grouped into three categories:

Local-regional component. Pollen and spores that are
presumed to be derived from plants growing on Spits-
bergen.

Long-distance component. Pollen and spores originat-
ing in areas outside Spitsbergen; usually grains of rela-
tively small size and often somewhat corroded.

“Pollution” component. Pollen and spores brought to
Spitsbergen unintentionally by the 17th-century Dutch
whalers. These grains are of normal size and well pre-
served, easily distinguishable from those of the long-
distance component. This “pollution” component was
mainly found in the Smeerenburg core and in Sgre Salat-
berget core C. The black chips are included in this com-
ponent, although they do not strictly fall within the defi-
nition. The reason is the close correlation of the black
chips with the remaining part of the “pollution” compo-
nent in Sgre Salatberget core C.

ZONATION

Zones based on lithology and biostratigraphy were es-
tablished for ease in reference. In the Stuphallet diagram
four zones (A-D) have the character of both beds and
pollen assemblage zones; an additional zone E is charac-
terized solely by its lithology. In the Smeerenburg dia-
gram a zonation (zones A-D) based on micro- and macro-
fossils was established. In the comparative diagram (Fig-
ure 10) a lithological zonation is used to facilitate the
interpretation in terms of climate.

RESULTS

SURFACE SAMPLES (FIGURE 3)

Local Pollen Deposition

Nearly all plant taxa recorded around the sampling sites
are represented in the diagram by corresponding pollen
types. The quantitative order in the deposition is as fol-
lows: Cruciferae pollen show very high values; Saxifraga
granulata type and Gramineae have intermediate values;

all other types have low to very low values. A number
of taxa present at the sampling sites were never found
as pollen in the samples, viz. Stellaria humifusa, Sagina
intermedia, Silene acaulis, and (partly) Saxifraga nivalis.
Despite the low pollen-deposition rate, interesting rela-
tionships with vegetation patterns can be established (see
Appendix).
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SURFACE

Amsterdam Island (10 samples) and Danish Island{1sample)

sample no.

(relative values)

Cruciferae

Gramineae

Saxitraga granulata type

Gxyria

Cerastium alpinum

Ranunculus
Salix polaris

Saxifraga oppositifolia

Sphagnum
Dryopteris

Lycopodium selago
Cyperaceae

Saxitraga steflaris type

Chrysosplenium
Campanuia
Potentil fa

Cassiope tetragona

long-distance total

Betula

Pinus
Corylus

Chenopodium

Filipendula
Ambrosia
Carpinus
Cerealin
Galium
Fraxinus
Umbelliferae
Thalictrum
Ar femisia
Alnus

number of grains counted

1 2 3 4 S § 7 8 g 10 1
80%—
60%~
- I I I I
— l | - N

20%~

SAMPLES

1809
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72 940 272 1090 0 k4 156 1890 102 72

analysis J.FN.vanleeuwen 1983

FiGURE 3. Surface-sample diagram. For description
of sites and vegetation, see Figure 2 and Appendix.



Regional Pollen Deposition

Pollen and spore types of taxa that grow on Spitsbergen
but not within a considerable distance of the sampling
sites are found occasionally, usually as one or a few
grains. These types do not reflect the vegetation of Am-
sterdam Island, despite the great diversity in this group.

Long-distance Pollen Deposition

The deposition of pollen and spores from plants grow-
ing outside Spitsbergen is very low and only exceeds 10%
if the vascular-plant vegetation of the sampling site is ex-
ceedingly sparse.

These observations are confirmed by other surface-
sample studies in the High Arctic (e.g., Kalugina et al.
[1981] on October Revolution Island, U.S.S.R., and
Srodon [1960] in the Hornsund area, south Spitsbergen).

SMEERENBURG: PAST VEGETATION AND ENVIRONMENT
(FIGURE 4)

The macrofossil diagram of Smeerenburg reveals much
about changes in local vegetation and environment, espe-
cially when the ecology of the taxa and the lithology of
the sediment are taken into consideration. '

The large amount of sand in the sediment and the
irregular spacing of the organic layers indicate that the
vegetation was repeatedly being buried and that the ac-
cumulation rate of the sediment may not have been con-
stant. The following ecological succession took place:

Zone A

The scarcity of plant remains in the sand deposited
before the period of settlement at Smeerenburg indicates
a very sparse vegetation, possibly caused by a rapid depo-
sition of sand.

Zone B

These layers represent the settlement period. A dense
grass mat of Phippsia replaced the very open moss vege-
tation of Drepanocladus in zone A. This is clearly due
to strong enrichment of the soil by whaling activities. The
“pollution” component in the pollen diagram comprises
nearly exclusively pollen types from taxa that definitely
could not have grown on Spitsbergen because of the high
arctic climate (exceptions: Compositae liguliflorae,
Caryophyllaceae). The relatively high values of Cerealia
and Erica indicate that these pollen types were probably
unintentionally carried to Smeerenburg by the whalers
in shipments of straw and brooms. Brooms were actually
found in the archaeological excavations of Smeerenburg
(Hacquebord, 1984).

Zone C

A local succession from Phippsia to Saxifraga and
finally to Cochlearia is recorded after the abandonment
of the settlement. The ecology of the taxa involved sug-
gests that the soil nutrient level gradually decreased. In
section 10 the amount of vascular plants decreases tem-
porarily and Polytrichum norvegicum reaches a maxi-

mum, resulting in a period with extensive deposition of
sand.

Zone D

A dense moss cover of Drepanocladus reestablished,
suggesting a low nutrient level of the substrate. The den-
sity of the moss cover and the appearance of taxa that
grow today on moist (Pohlia albicans) or wet (Calliergon
trifarium) soils indicate that the soil had become much
moister. Shell fragments in the upper three sections sug-
gest recent flooding. The absence of salt-resistant taxa
in the vegetation indicates that the source of this flood-
ing is the neighboring fresh-water lagoon.

STUPHALLET: PAST VEGETATION (FIGURE 35)

The peat core from Stuphallet consists almost exclu-
sively of mosses. The scarcity of vascular plants is con-
firmed in the diagram by the rather low concentrations
of most pollen types. Only the curves for Cruciferae and
Saxifraga granulata type in zones D and E and the curve
for Saxifraga oppositifolia type at 17 cm show the irregu-
lar behavior and high concentrations characteristic of
local polien deposition; these taxa were probably grow-
ing at the actual site. The almost constant presence of
the first eleven types listed in the diagram (from Cruci-
ferae to Oxyria) indicates, however, that the correspond-
ing taxa were growing nearby. The deposition of these
types can be considered to be extralocal (sensu Janssen,
1973). The observed differences between the zones of
these types must therefore be interpreted as reflecting
changes in the distance between the coring site and the
pollen sources. The fluctuations in the pollen values may
thus not record major changes in vegetation type, but at
the most only changes in vegetation pattern.

Dryopteris and Sphagnum spores are perhaps part of
the long-distance deposition. Pollen of Calluna has not
been found before on Spitsbergen. The finding of a tetrad
at three different levels suggests that Calluna plants might
have been present on Brgggerhalvgya; this needs confir-
mation. Myriophyllum spicatum occurs as one grain at
62 cm. Zelikson (1971) found two grains of Myriophyllum
at 46 cm and one at 75 ¢cm, dated ca. 2000 BP and 2250
BP, in a peat bog of 170 ¢cm near the Van Meijen Fjord,
Spitsbergen. These records are interpreted here as record-
ing local or extralocal occurrence of the species, as long-
distance dispersal of this type seems improbable. Myrio-
phyllum spicatum is a plant of open water. The former
presence of open water at the Stuphallet site is also indi-
cated by the field observation of at least 30 cm of pure
ice below the peat.

SORE SALATBERGET: PAST VEGETATION (FIGURES 6, 7, 8)

The vegetation at Sgre Salatberget did not change
during the period covered by the diagrams. This can be
concluded from the relatively constant values of the
pollen and spore types in the local-regional component
of the diagrams. The curves of the five dominant types
(Cruciferae, Gramineae, Cerastium alpinum, Ranun-

W. O. vaN DER Knaap / 375



© R
v 5 F
Yoy, T L o ; B
v S [a)] 13 S .
%93, S - 1 : ; ;
23 R |23 883y vl & 8 ¢ - )
d/s@fyfﬂ e85 8 8% § gRE g Eg@ &R :
S’M/O%,/Vf A ?é 5
S AN =S —
%7;% A L,:xg 3
Sp.% L A 5 :
- o /J’/:[g -
S N A il ¢t
/°Jo /,,/;/_ AT = : :
4 . : : ‘ m
. . : 2w >
2, 7] ; :
I h D\% CEDI::Q& ﬁ A et e g
o w
/
/065‘/75O —
Oluodv .
Ed &) 5
FMCH St ’M,lso;
S0y V0, 0 o Aey,
T s (78
S, %o/ R
s iz ,7/;0,,0:_77 = °
sgc"‘/a ) 0‘74/‘9— e
2 ’ o)
:SIOJ “n M"ud_ FaN n
00 40 L -
%, 5 Y, O i
Ytn 00,10, % :
9 ’70“/(_ m :
NN :
e AN 5
S
=S
s —do O
13 Yipg 05,00 v ;
OO v ?
2 o “n, U"jﬁ' T =
o Ogss 0,701, 70_ ‘ .
s, ‘7
o 7 o A
o U’cw sh‘> , ‘
2 : - :
o % = )
)
5, , ] a
o %J/W o e, "0~
< 24,90, O
o un //73 //l 4/(7
- < CI) ‘/s/os‘ N
o ° (080,00
o= oy “ny,
0
it %, )
- ",
= 506
S D“///+ ‘-‘Lu
o o E
o
o ;-
g
U e
Sage T
5 osvi
2 =Y
29 845 ¢
j € EYrlas
/. Ta ggag
’ g g5g¢0
7 E M
A
2. .
//' 2 5 o g
//1 2 2 g
A
: o p
E :
2 / N
5 A . A\
5 ss,'o 7T 5
2 .
: o L
4 o
ol <
: - ples L8
: 5 |gE wso
: T 8l3E 2vs
: Sloo Eod
: ° [ s N | geg et
| v 8l%E csE
o
° 1 o o o
o i i
(@]
"' ‘ M
©
5 [
=5
»
E, o Y N
w o5 . ®
° o i
<
o =
oz L
2 z, .
50 i
ol 22
: *avs S
2 —
) s I <
TNy, L
: /N
e’ =z
<
2 3 . !
m = : T T :
puitg ’l/l Yo S ! : ] m
s, & . - ! —
< = 7 T . R
I-u < puos| 2| puos 4aub N v . 5 L ; 3 :
puo €l ouo sessow v “ P R e
r o > [mmou w o) P ne 7ot S behs g cetd
"|0: > 45 s s s 7 wss [ A
E Lu FREE BT o PR FRE T oy
W ~ b P T > By . it : -
wn b sd e s|8% € H nid : .
=z N N B LT - - z p z
(D < el N I 5

376 / ARCTIC AND ALPINE RESEARCH

FIGURE 4. Smeerenburg diagram.



culus, Saxifraga granulata type) show the typically irregu-
lar fluctuations and high concentrations associated with
local-pollen deposition. The other types within this com-
ponent are mainly found in Sgre Salatberget core C,
because of the greater number of grains counted. Seven
of these types are probably of local origin, or derived
from plants on the slopes above the site: Oxyria, Papaver
radicatum, Salix polaris, Saxifraga stellaris type, Poly-
gonum viviparum, Chrysosplenium (2 grains at 19.5 cm),
Parnassia. The plant Papaver dahlianum was not
observed on Amsterdam Island, but it can easily have
been overlooked, as the suitable habitats have not been
studied sufficiently. Its high pollen concentration at 7 cm
should be noted. Parnassia pollen (4 grains at 17 cm) is
also of interest. The identification of this very charac-
teristic pollen type is quite reliable. The grains belong to
the microreticulate type (Verbeek-Reuvers, 1977b). The
plant is not known from Spitsbergen and the pollen type
has not been found there before.

The other types within the local-regional component
could very well all be part of the regional-pollen deposi-
tion. Dryopteris and Sphagnum spores, though classified
in the local-regional component, may perhaps in fact be
part of the long-distance deposition. In the five levels ana-
lyzed for macrofossils in Sgre Salatberget core A (0, 8,
14, 15, and 27 cm; not further discussed here), leaves of
Sphagnum were found. However, the plants were prob-
ably sterile, as the consistently low concentrations of the
spores suggest that the spore deposition was not of local
origin,

STUPHALLET: CHRONOLOGY (FIGURE 9)

Zones B, C, D, and E

The peat in zones B, C, D, and E is distinctly layered.
This, and the four radiocarbon dates in chronological
sequence within these zones indicate that the sediments
have not been mixed. However, the lithology suggests a
gap in the record between zones D and E; at this level
a thin black layer separates two different types of peat.
This is confirmed by the radiocarbon dates in zones D
and E being about 1000 yr apart. There are no indica-
tions that any additional gaps occur.

The transition zone C/D is very marked; a change in
accumulation rate at this level therefore seems probable.
A possible accumulation curve is indicated in Figure 9
by a dotted line. This results in the following possible
dates for the transitions of the zones:

Base of zone E: ca. 320 BP

Top of zone D: ca. 1150 BP
Transition zone C/D: ca. 1560 BP
Transition zone B/C: ca. 1640 BP
Base of zone B: ca. 1900 BP

Zone A

The anomalously young radiocarbon date in the top
of zone A compared with those in zones B, C, and D can
be explained in two ways. First, contamination with fresh

material from the plug of fresh mosses at 44 to 48 cm
may have occurred, despite the extreme care taken to pre-
vent this. Second, transportation of fossil material by the
small stream to the coring site may have occurred. This
is probable, as there are additional indications that the
peat of zone A is heavily mixed and redeposited: the
irregular structure of the peat, the absence of layering,
the radiocarbon date at the base of this zone being
younger than the radiocarbon date in zone B. The time
of redeposition must be younger than the redeposited
material itself, and can therefore be placed in the time
gap between zones D and E (ca. 1150 to ca. 320 BP). The
existence of a time gap in itself indicates circumstances
not favorable for peat accumulation. Redeposition of
peaty material by the small stream below already formed
sediments without disturbance of these sediments seems
very well possible when we observe the actual course of
the stream in the field. The meanders at the base of the
1-m-deep incised stream deviate horizontally up to more
than 1 m from the course at the surface; disconnected
peat lumps will freeze easily in the arctic winter onto the
sides of the incision.

Chronological correlation of the Stuphallet diagram
with the Sgre Salatberget diagrams is discussed below.

SORE SALATBERGET: CHRONOLOGY AND CORRELATION

The radiocarbon date in Sgre Salatberget diagram B
might be a few hundred years too old, because an un-
known part of the carbon in the sediment has a marine
origin (see, e.g., Donner and Jungner, 1979, and Tauber,
1979).

The “pollution” component in Sgre Salatberget dia-
gram C is also present in the Smeerenburg diagram and
provides a means of time correlation. The period of
greatest activity in the Smeerenburg settlement was ap-
proximately A.D. 1615 to 1650 (Hacquebord, 1983), so
the levels where the “pollution” component or black chips
occur must be of similar age. It is possible that sea birds
brought the “pollution” component to the bird cliff where
the cores were taken. It is known from historical sources
that birds were present in great quantities around the
settlement, defecating, screaming, and eating whale
blubber.

The radiocarbon date in zone E of the Stuphallet dia-
gram (290 + 40 BP) (Figure 5) corresponds to a histori-
cal calendar date of A.D. 1635, with a lower limit (1490-)
1620 and an upper limit 1645 (Stuiver, 1982). This date
is similar to the date of the levels with the “pollution”
component in the Sgre Salatberget diagrams (Figures 6,
7, 8). Six pollen types within the long-distance compo-
nent of the Stuphallet diagram between 16 and 11.5 cm
can now possibly be classified as belonging to the “pol-
lution” component, namely Urtica urens, Cerealia, Plan-
tago lanceolata, Oenanthe, Fagus, and Compositae tubu-
liflorae.

We have seen that any vegetation succession that
occurred at Sgre Salatberget is not reflected in the local
and regional assemblages. Time correlation on basis of
changes in the pollen assemblages is therefore not pos-
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sible, despite the fact that these cores were taken within
one small patch of vegetation. Instead, correlation of the
cores is possible by delimiting “pollution” horizons as de-
scribed before, and using lithological characteristics,
notably the degree of preservation. In this way, three syn-
chronous levels are established.

It will be shown later that the degree of preservation
is presumed to be connected with regional climatic
change. On this basis the Stuphallet diagram can also be
correlated with the Sgre Salatberget diagrams.

The synchronous levels are shown as the transitions be-
tween zones 1-4 in the comparative diagram (Figure 10),
in which only the so-called “common-trend curves” (to
be discussed later in this paper) and the black chips are
reproduced. The “pollution” component indicates that
zone 2 corresponds with the settlement period. The impli-
cation is that the sedimentation rate at Sgre Salatberget
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has not been constant. It has been greatest in zone 2 and
sedimentation stopped altogether in or at the top of zone
4 (cores A and C) or in zone 3 (core B). As the vegeta-
tion layer has been removed from the cores in the field,
the upper spectra need not be synchronous. It seems that
the present-day bird-cliff vegetation at Sgre Salatberget
does not cause peat accumulation any more.

STUPHALLET AND S@RE SALATBERGET: ENVIRONMENT

Stuphallet
No interpretation in terms of environmental param-
eters will be given for zone A of the Stuphallet diagram
(Figure 5), as the material is presumed to be redeposited.
The peat in zone C is more compact than in zone B.
This suggests a shift in local conditions, namely a decrease
in water supply of the vegetation. The transition zone
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FIGURE 6. Sgre Salatberget diagram A.
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C/D is very marked, as the peat in zone D is much more
compact and silty. This points to a strong decrease of
water supply. The high concentrations of Cruciferae
pollen in zone D support this view, as a dense growth
of Cruciferae (mainly Draba species) on peat is nowa-
days only seen in relatively dry conditions. The gap be-
tween zones D and E might be caused by a further dry-
ing of the surface, eventually preventing peat growth. A
further indication for this is the presence of a black layer
at the transition zone D/E, formed by the remains of
Saxifraga oppositifolia, a species that grows today on
drier soils.
A detailed interpretation of zone E is given below.

Establishment of Common-trend Curves

In the Sgre Salatberget diagrams (Figures 6, 7, 8), the
curves of the five dominant pollen types mostly follow
similar trends. For example, in Sgre Salatberget diagram
C the curves have relatively low values in the middle part
and higher values in the upper and lower parts. A curve
depicting common trends can now be established, in an
attempt to portray the trends in the individual pollen types
in a more easily available form for interpretation in terms
of environmental parameters.
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Calculation of common-trend values is based on the
following criteria:

(1) The five dominant pollen types (Cruciferae, Grami-
neae, Saxifraga granulata type, Ranunculus, Cerastium
alpinum) are only used.

(2) Concentration values are divided by the mean con-
centration for particular pollen types in separate dia-
grams, thereby ensuring that each pollen type contributes
equally to the common-trend curve.

(3) A few extremely high concentration values, that are
not synchronous between the diagrams, are excluded
from the calculation. The excluded extremes are not char-
acteristic for the common trends observed in the other
curves; yet extremely high concentration values, if in-
cluded, dominate the common-trend values. Excluded are
the following: diagram A Gramineae, 0 and 14.5 cm; dia-
gram B Saxifraga granulata type, 8 cm, Cerastium al-
pinum, 11 cm; diagram C Ranunculus, 0.5 cm, Grami-
neae, 4.5 cm, Saxifraga granulata type, 17.5 cm.

(4) An average value for the five types is calculated for
every level and plotted in a curve, here defined as the
common-trend curve,

In the Stuphallet diagram, some common trend can
also be observed. Because the concentration values of
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FIGURE 7. Sgre Salatberget diagram B.
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most pollen types are rather low, a different procedure
has been followed here:

(1) the calculation is restricted to zones B to E;

(2) the influence of the dominant pollen types Cruci-
ferae and Saxifraga granulata type is reduced by divid-
ing by a fixed number, so that a mean concentration of
25 grains/mg, similar to that of many other types, is
reached;

(3) the high concentration of Saxifraga oppositifolia
type at 17 ¢cm is replaced by the mean value for 16.5 and
17.5 cm;

(4) the total concentration values of all types are plotted
at every level, resulting in a curve, defined here as the
common-trend curve.

In the comparative diagram (Figure 10), the common-
trend curves are smoothed by plotting the mean values
of every two subsequent common-trend values (a running
mean).

Interpretation of Common-trend Curves (Figure 10)
The common-trend curves correspond roughly to the
degree of preservation. In the better preserved parts, the

common-trend values are generally lower, in the less pre-

served parts they are generally higher. The common-trend
curves thus reflect, even in detail, the degree of preser-
vation. This can be explained in the following way. Dur-
ing the process of decay organic matter is lost, resulting
in a decrease of dry weight and consequently in an in-
crease in pollen and spore concentrations. Also, the
volume decreases, although this is perhaps only due to
the sampling method for Sgre Salatberget cores A and
B as described before; the more the material is decom-

posed, the more it can be compressed. For the same rea-
son, the loss-on-ignition curve of Stuphallet zone E,
where the peat is purely organic and does not contain any
sand or clay, is parallel to the common-trend curve.

The common-trend curves indicate that the decay of
the organic sediment is not merely a process of aging,
for well-preserved layers underlie more decomposed
layers. The similarity of the common-trend curves is strik-
ing, especially if the distance of about 100 km between
Sgre Salatberget and Stuphallet is considered. For that
reason, any human impact on the common-trend curves
can be excluded. The common-trend curves can therefore
be interpreted in terms of regional environmental param-
eters, namely climatic change. Good preservation of the
sediment must be due to relatively cold, short, or wet
summers, a poor preservation to warm, long, or dry sum-
mers. Dips in the common-trend curves reflect phases of
unfavorable summers, whereas maxima represent more
favorable summers.

Climatic Change in the 17th Century

The comparative diagram (Figure 10) shows a compari-
son of the common-trend curves with the '50Q/130
stratigraphy of Dansgaard et al. (1971) and historical data
(Hacquebord, 1981, 1983). Stuphallet zone 1 (correspond-
ing to zones B, C, and D in Figures 5 and 9) is not con-
sidered, as this core section represents a much earlier
period.

Earlier in this paper it was pointed out that zone 2 of
Figure 10 represents the period of the Smeerenburg settle-
ment (ca. A.D. 1615 to 1650). In zone 1 the relatively
high common-trend values indicate a relatively favorable

FiGURE 9. Stuphallet age/depth
relationship. Horizontal lines
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climate. The downward trend at the transition zone 1/2
indicates that the climate deteriorated before and at the
beginning of the settlement period. The lowest dip is seen
at the base of zone 3. This suggests that the climatic mini-
mum was reached after the end of the settlement period.
The curves also suggest that the general climatic deteriora-
tion during the settlement period was interrupted by a
weak minimum and maximum. After the minimum at the
base of zone 3, the common-trend curves rise to a pro-
nounced maximum in zone 4, followed by a decline.
In the comparative diagram (Figure 10), the 160/!20
curve of Dansgaard et al. (1971) is smoothed by a run-

Comparative diagram

ning mean. The curve, derived from an ice core at Camp
Century, Greenland, is interpreted in terms of tempera-
ture during ice formation; dips in the curve correspond
with temperature minima and peaks with temperature
maxima. The 17th-century minima are placed approxi-
mately at A.D. 1635 and 1670. This corresponds fairly
well with the results given above; in the common-trend
curves the corresponding minima are the weak minimum
in zone 2 and the pronounced minimum at the base of
zone 3.

The archaeological and historical investigations con-
nected with the Smeerenburg project have provided a
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wealth of information about the history of Smeerenburg,
including indications for climatic change. The paleo-
botanical data are compared in detail with these historical
results in Hacquebord (1984). Here only a few compari-
sons are presented, based on data published in two sum-
mary papers by Hacquebord (1981, 1983). Hacquebord’s
data suggest that the main periods of activities of the
whalers at Smeerenburg were A.D. 1618 to 1628 and A.D.
1630 to 1633. Before and after these periods whaling
occurred only elsewhere in northwest Spitsbergen. A pre-
dicted curve based on these data is shown in the com-
parative diagram. Hacquebord also gives some indica-
tions of climatic change based on notarial reports on ice
drift and ice damage to ships. From these data a predicted
common-trend curve is constructed.

Because the most detailed diagram for the period con-
sidered is Sgre Salatberget diagram C, a comparison of
the predicted curves with this diagram will be most
fruitful. The comparative diagram shows that a good cor-

relation exists between the predicted curves and the curves
of Sgre Salatberget diagram C. The sequence of events
(i.e., dips and peaks in common-trend and black-chips
curves) is the same. However, the relative lengths of the
intervals between the events are different. This implies
that the time scale of Sgre Salatberget diagram C is not
linear, whereas the predicted curves are based on a linear
time scale. A correlation between predicted curves and
the other two Sgre Salatberget diagrams is somewhat less
clear, but it does not lead to contradictions.

The Stuphallet diagram functions as a check on the re-
sults from Sgre Salatberget. The Stuphallet curves con-
firm the climatic trends observed at Sgre Salatberget and
in the predicted curves. This implies that the radiocarbon
date of Stuphallet zone 2 (i.e., zone E in Figures 5 and
9) is of the highest accuracy according to the calibration
of Stuiver (1982), as it corresponds exactly with A.D.
1635.

REMARKS ON METHODOLOGY OF ARCTIC PALEOBOTANICAL RESEARCH

This study has shown that a number of approaches in
the methodology can be important in the solution of
paleobotanical problems in the Arctic. These are listed
below, without further discussion.

(1) Paleobotanical research of the last few centuries was
successful on three different types of sediment.

(2) Lithological characteristics were important for the
interpretation of the diagrams, notably sediment type,
degree of preservation, and layering.

(3) The influence of human activity on the natural envi-
ronment is recorded in a diagram from a former settle-
ment in northwest Spitsbergen. Many pollen types con-
nected with artifacts were found.

(4) In cores 4 km from the former settlement the pollen
types connected with artifacts were used as a means of
dating; also, a new type of anthropogenic “fossil” was

found, called “black chips.”

(5) Minor climatic fluctuations are recorded as fluc-
tuations of pollen concentrations in diagrams both from
a bird-cliff sediment and from a peat bog.
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APPENDIX

A general account is given of the vegetation and other fea-
tures of the sites where the surface samples and the cores were
collected. On Amsterdam Island, Dr. W. van Leeuwaarden col-
lected the material and data. On Brgggerhalvgya material and
data were collected by the author, Mrs. J. F. N. van Leeuwen,
P. B. P. M. Bogaers, and A. Farjon. Nomenclature of taxa
follows Rgnning (1979).

AMSTERDAM ISLAND (FIGURE 2)

The vegetation of Amsterdam Island is high arctic, open,
scarce, and poor in vascular plant species compared to the
central part of Spitsbergen. Apart from the species mentioned
below, Draba cf. alpina, Luzula arctica and L. confusa, Poa
alpigena, Ranunculus nivalis, and Saxifraga tenuis were found.
The greater part of the island is formed by a granite mountain
with an altitude of 504 m; at the eastern side there is a loamy
and sandy plain. The remains of Smeerenburg are found on
the eastern tip of the plain, 2 km from the foot of the mountain.

Surface samples 1, 2, 3, and 4 were collected in the eastern
part of the plain that shows rather vague, large polygons. The
soil is loamy and is covered by 5 to 10 cm or more sand with
a clear humus layer. The vegetation is rather sparse and con-
sists mainly of mosses and lichens. Among the vascular plants
Phippsia algida and Saxifraga hyperborea dominate, Cochlearia
officinalis is abundant, Saxifraga rivularis is frequent, and S.
caespitosa, S. nivalis, and Cerastium regelii are rare. Sample
2: Vascular plants are very sparse; mainly Saxifraga rivularis,
S. hyperborea, and Phippsia algida. Sample 3 was collected in
the center of a polygon. Sample 4 was collected on the boundary
of two polygons.

Sample 5: The western part of the plain has a slight inclina-
tion to the east and is built up of a loamy solifluction soil with
vague, downward oriented stripes. Among the rather sparse vas-
cular plants Phippsia algida dominates, Saxifraga oppositifolia,
S. hyperborea, S. rivularis, S. cernua, S. nivalis, Cerastium
regelii, and Cochlearia officinalis are frequent, Saxifraga caespi-
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tosa is occasionally found and Luzula sp. is rare. Sample 5 was
collected at the transition to the foot of the mountain on a moist
site. The vegetation of the mountain slope above the sample
is less sparse. Here Phippsia algida and Cerastium regelii are
dominant, Cochlearia officinalis and Saxifraga rivularis are
abundant, S. nivalis, S. hyperborea, S. foliolosa, and S. cernua
are frequent.

Sample 6 was collected at the moist southeastern corner of
the mountain; this is the locality on Amsterdam Island with the
greatest number of vascular plant species. Here Luzula sp. is
dominant, Salix polaris is frequent, Saxifraga rivularis and
Cerastium alpinum are occasionally present, Cochlearia offici-
nalis, Phippsia algida, Saxifraga hyperborea, S. caespitosa, S.
nivalis, Ranunculus pygmaeus, Poa arctica, Oxyria digyna, Stel-
laria humifusa, Sagina intermedia, Cardamine bellidifolia,
Silene acaulis, and Lycopodium selago are rare.

Sample 7 was collected at the northeastern foot of the
mountain on the moraine near Annabreen, a site virtually devoid
of vascular plants.

Sample 8 was collected at the flat mountain top, 400 m above
sea level. Luzula sp. is occasionally found and Saxifraga rivu-
laris is very rare.

Sample 9 and cores A, B, and C were collected on Sgre Salat-
berget, a bird cliff of southern aspect near the sea. The cores
were taken within one small patch of vegetation of 1 to 2 m?
with bird’s nests between the rocks. Here abundant vegetation
of vascular plants occurs due to eutrophication by birds. Coch-
learia officinalis, Saxifraga cernua, and Phippsia algida are
dominant, Ranunculus pygmaeus, Poa arctica, Cerastium al-
pinum, and Oxyria digyna are frequent, and Saxifraga rivularis
is occasionally found. Sample 9 was taken in a vegetation patch
nearby where Cerastium alpinum and Ranunculus sulphureus
are the most abundant species.

Sample 10 are the excrements of a couple of Barnacle Geese
that were grazing during the summer months on the plain of
Amsterdam Island.

DANIsH ISLAND

Sample 11 was collected in a vegetation rich in mosses, with
Phippsia algida, Saxifraga rivularis, S. hyperborea, S. caespi-
tosa, and S. nivalis.

BROGGERHALVBYA
Below Stuphallet six or seven peat bogs of many hectares are

located on a nearly horizontal glacial terrace parallel to the
Kongsfjord about 30 m asl. The vegetation at the site of the
core consists of deep, wet mosses, with vascular plants in be-
tween covering 5% of the surface. Among these Saxifraga
caespitosa dominates, S. cernua is abundant, S. nivalis, Equi-
setum arvense, Cardamine nymani, and Ranunculus sulphureus
are frequent, and Saxifraga hieraciifolia, S. oppositifolia, Poa
alpina, P. arctica, Cochlearia officinalis, and Chrysosplenium
tetrandrum are occasionally found.

Some remarks on pollen morphology are thought to be useful
here. First, in order to facilitate a comparison between the vege-
tation description given above and the surface-sample diagram,
of a number of pollen types corresponding species from Spits-
bergen are mentioned. Second, remarks are made on the vari-
ability of some pollen types found in the cores. It was observed
that many types are extremely variable, more so than in tem-
perate western Europe. For the beginning arctic researchers it
was therefore sometimes difficult to identify individual pollen
grains.

Cerastium alpinum: pollen of the species C. alpinum, C. arc-
ticum, C. regelii. The surface structure of the grains and the
number of pores vary much; pores can be few or even absent.

Cruciferae. The grains are always small and poorly developed.
Only in the Stuphallet core a few grains of the Cardamine type
were found.

Gramineae. In many samples grains with two (exceptionally
three or four) pores were found; in many cases the annuli of
the pores are then partly overlapping and thus form an 8.

Papaver radicatum: pollen of the species P. dahlianum. Most
grains are of type B (Kalis, 1979), tricolpate, very small, poorly
developed, and many of them without columellae.

Ranunculus: pollen of a type different from Ranunculaceae
pollen found in temperate western Europe, produced by the
species R. hyperboreus, R. nivalis, R. pygmaeus, R. sulphureus,
and probably others. Many grains are very small and poorly
developed, some without colpi or columellae.

Saxifraga granulata type: pollen of the species S. caespitosa,
S. cernua, S. hyperborea, S. rivularis.

Saxifraga stellaris type: pollen of the species S. foliolosa, S.
hieraciifolia, S. nivalis, S. tenuis.

REFERENCES CITED

Dansgaard, W., Johnsen, S. J., Clausen, H. B., and Langway,
C. C., Jr., 1971: Climatic record revealed by the Camp Cen-
tury ice core. In Turekian, K. K. (ed.), The Late Cenozoic
Glacial Ages. New Haven: Yale University Press, 37-56.

Donner, J. and Jungner, H., 1979: The use of marine shells
in dating land/sea level changes. In Berger, R. and Suess,
H. E. (eds.), Radiocarbon Dating. Proceedings of the Ninth
International Conference, Los Angeles and La Jolla. Berkeley
and Los Angeles: University of California Press, 397-403.

Faegri, K. and Iversen, J., 1975: Textbook of Pollen Analysis.
3rd edition. Copenhagen: Munksgaard. 295 pp.

Hacquebord, L., 1981: The Smeerenburg project —a study into
the 17th century Dutch whaling settlement in Spitsbergen
from the ecological angle. In: Higher Education and Research
in The Netherlands. NUFFIC Bulletin. The Hague: Nether-
lands Universities Foundation for International Cooperation,
25 (3/4): 19-31.

, 1983: De 17°¢ eeuwse Nederlandse walvisvaart: een

386 / ARCTIC AND ALPINE RESEARCH

ecologische benadering. Geogr. Tijds. K.N.A.G.— Nieuwe

Reeks, XVII (4): 288-296.

, 1984: Smeerenburg—Het verblijf van Nederlandse
walvisvaarders op de Westkust van Spitsbergen in de zeven-
tiende eeuw —The sojourn of Dutch whalers on the west coast
of Spitsbergen in the seventeenth century (with a summary
in English). Ph.D. dissertation. University of Amsterdam.
311 pp.

Janssen, C. R., 1973: Local and regional pollen deposition. In
Birks, H. J. B. and West, R. G. (eds.), Quaternary Plant
Ecology. 14th Symposium, British Ecological Society.
Oxford: Blackwell, 31-42.

Kalis, A. J., 1979: The northwest European pollen flora, 20.
Papaveraceae. Review of Palaeobotany and Palynology,
NEPF, 28: 209-260.

Kalugina, L. V., Malakhovskiy, D. B., Makeyev, V. M., and
Safranova, I. N., 1981: Some results of palynological inves-
tigation on Severnaya Zemlya in relation to the question of




the transport of pollen and spores in the high Arctic. Polar
Geography and Geology, 51(1): 27-32.

Renning, O., 1979: Svalbards Flora. Norsk Polarinstitutt Polar-
handbok 1. 128 pp.

Srodoni, A., 1960: Pollen spectra from Spitsbergen. Folia
Quaternaria, 3: 1-17.

Stockmarr, J., 1971: Tablets with spores used in absolute pollen
analysis. Pollen et Spores, 13(4): 615-621.

Stuiver, M., 1982: A high-precision calibration of the AD radio-
carbon time scale. Radiocarbon, 24: 1-26.

Tauber, H., 1979: '4C activity of arctic marine mammals. In
Berger, R. and Suess, H. E. (eds.), Radiocarbon Dating. Pro-
ceedings of the Ninth International Conference, Los Angeles
and La Jolla. Berkeley and Los Angeles: University of Cali-

fornia Press, 447-452.

Verbeek-Reuvers, A. A. M. L., 1977a: The northwest European
pollen flora, 9. Saxifragaceae. Review of Palaeobotany and
Palynology, NEPF, 24: 31-58.

, 1977b: The northwest European pollen flora, 14. Par-
nassiaceae. Review of Palaeobotany and Palynology, NEPF,
24: 123-128.

Zelikson, E. M., 1971: Palynological investigation of a Holo-
cene peat deposit from Spitsbergen. /n Neustadt, M. 1. (ed.),
Holocene Palynology — For the 3rd International Palynologi-
cal Conference, Novosibirsk, USSR, 1971. Moscow, 199-212,

Ms submitted October 1984

W. O. vaN DER KNaAaP / 387



