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Abstract. Results of high-resolution AMS 14C dating of 
terrestrial plant macrofossils from late-glacial and ear- 
ly-Holocene lake deposits in Switzerland show three 
periods with constant radiocarbon ages. These plateaux 
of constant age occur at 12700, 10000, and 9500 y BP. 
A comparison of this radiocarbon chronology with a 
varve chronology documents discrepancies between the 
sidereal and the radiocarbon time-scale for the late-gla- 
cial period. The age-plateaux and the time-scale discre- 
pancies have a significant impact on the estimation of 
rates of change during this period: estimates of rates of 
change can be very misleading if calculated on the basis 
of radiocarbon ages. This is illustrated by an example 
of estimated rates of late-glacial and early Holocene 
palynological change in Switzerland. 

Introduction 

The deglaciation and the early post-glacial period fol- 
lowing the last ice-age are characterized by several cli- 
matic fluctuations which are well-reflected in the 
proxy-data record of lacustrine sediments. The speed at 
which these oscillations took place is a critical factor in 
understanding the mechanisms behind rapid changes in 
climate and, closely related to this, the response of eco- 
systems to rapid climatic change. 

Rates of change are estimates of the amount of 
change per unit time. If estimated from proxy-data they 
can, in theory, help to infer the rate and amount of 
change in the past. The most important factor, however, 
for a reliable estimation of any rate of change is the 
time-scale. In the case of proxy-data from lacustrine 
deposits this time-scale is provided by an age-depth re- 
lationship that can be established on the basis of var- 
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ious dating methods: several radiocarbon dates 
throughout a sediment core commonly provide a 
chronology for changes observed in the proxy record. 
However, the basic assumptions of any rate-of-change 
estimation from proxy-data are: 
1. The palaeoecological variable being used (e.g. pol- 
len) is an ecologically important component in the sys- 
tem of interest, or is linearly related to it. 
2. The mathematical measure used to quantify differ- 
ences in composition among samples adequately mod- 
els the differences. 
3. The proxy-data are comparable from one sample to 
another (same taxonomy, count size, preparation proce- 
dure, analyst, etc.). 
4. The time standardization unit is reliable and is in the 
same units throughout. Moreover, it should cover the 
identical sidereal period throughout. In fact, 100 14C 
years may not equal 100 years everywhere in the late- 
Glacial or Holocene. 

Since the early days of pollen analysis (e.g. Ober- 
doffer 1937), two periods of rapid change in flora and 
vegetation have been well-known from pollen studies at 
many sites in Central Europe: the late-glacial reforesta- 
tion and the change from coniferous to deciduous for- 
ests in the early Holocene. The 14C-ages usually now 
assigned to these periods are 13 000 to 12 500 y BP and 
10000 y BP, respectively. These two periods of consid- 
erable vegetational change are not only recorded in a 
wide geographical area of the European lowlands but 
also at higher altitudes, e.g. on the Simplon Pass 
(2000 m a.s.l., K/attel 1979; Welten 1982; Lang and To- 
bolski 1985). In addition, biostratigraphies other than 
pollen similarly show major shifts in the older of these 
two periods, e.g. Coleoptera and Trichoptera (Elias and 
Wilkinson 1983, 1985), chironomids (Hofmann 1983, 
1985a), and Cladocera (Hofmann 1985b). These faunal 
changes represent shifts from boreomontane, subarctic, 
cold-stenotherm to temperate faunas. 

The aim of the present contribution is to emphasise 
the overall importance of an accurate chronology for a 
sound reconstruction of rates of change. The example 
chosen concerns palynology and therefore, by infer- 
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ence, the past vegetation. However, the problems dis- 
cussed here relate to the reconstruction of rates of 
change in every aspect of Quaternary science. 

The pollen data 

Late-glacial pollen stratigraphies are available from 
Rotsee (420 m a.s.1.) and Soppensee (590 m a.s.1.). Both 
lakes are located on the Central Swiss Plateau close to 
the border of the Alps (Fig. 1): Rotsee lies at the north- 
ern periphery of Lucerne and Soppensee is located 
18 km to the NW (Lotter 1988, 1990). Because of the 
short geographical distance between the two sites, their 
pollen records are very comparable. 

Both pollen records were subdivided into the Firbas 
(1949, 1954) pollen zones (Fig. 2, 3), considered here as 
strict biozones (i.e. regional pollen assemblage zones). 
They must not be confused with the chronozones (Man- 
gerud et al. 1974) that have the same names (see Am- 
mann & Lotter 1989). These regional pollen zones are 
characterized (see e.g. Zoller 1987; Lotter 1988; Am- 
mann 1989a) in the following way. 

Zone Ia (Oldest Dryas) is characterized by high val- 
ues of non-arboreal pollen (NAP), mainly heliophilous 
taxa (e.g. Artemisia, Helianthemum, Caryophyllaceae) 
and grasses (Poaceae). These assemblages are com- 
monly interpreted as a tree-less steppe-tundra on open 
soils, consisting of a mosaic of arctic and alpine herbs. 
Towards the top of this zone an increase in dwarf 
shrubs (Betula nana, Salix spp.) occurs, indicating the 
onset of a denser vegetation cover. 

Zone Ib /c  (Boiling) is marked in its first part by a 
shrub phase consisting of Juniperus and Hippopha~. Its 
second part includes the expansion of tree birch (Betu- 
la) and the decrease of the NAP. This represents the 

Fig. 1. Map of Switzerland with location of the two investigated 
sites 
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important event of reforestation. The vegetation was 
characterized by birch forests with tall herbs. The litho- 
logical record usually reflects this denser vegetation 
cover by a change from minerogenic to organic or car- 
bonate sediments. At some sites a regressive phase in 
the vegetation development marked by an increase in 
heliophilous NAP and a depression in Betula can be 
observed towards the end of this zone (Fig. 3). 

The onset of zone II (Allerod) is represented by in- 
creasing Pinus (pine) values. The entire zone is domi- 
nated by pine pollen with decreasing birch percentages. 
The vegetation of this zone until the early Holocene is 
characterized by pine forests with some birch. 

Zone III (Younger Dryas) represents a second re- 
gressive phase. It is characterized by an increase of he- 
liophilous taxa (mainly Artemisia and Juniperus). The 
vegetation of this zone consisted of open pine and birch 
forest. 

The transition from zone III to IV (Preboreal), 
marked by decreasing NAP values, is also the transition 
from the late-glacial to the Holocene. The onset of zone 
V (Boreal) is marked by decreasing pine values and in- 
creasing values of mesic trees (Corylus, Utmus, Quercus, 
Tilia) and thus the development of the Holocene mixed 
deciduous forest. 

The chronologies 

At Rotsee an extensive AMS 14C-dating series on over 
60 plant-macrofossil samples has been carried out in 
connection with pollen and stable-isotope analyses 
(Ammann and Lotter 1989; Lotter and Zbinden 1989). 
By dating exclusively plant remains of terrestrial origin 
(mainly fruits and catkin scales of Betula), hardwater 
dating errors have been avoided. Following Stuiver and 
Polach (1977), all dates are expressed as conventional 
radiocarbon years BP (before 1950). 

The high-resolution 14C chronology from Rotsee 
(Fig. 2) displays three distinct phases of nearly constant 
radiocarbon age. These age-plateaux are situated at 
12700, 10000, and 9500 y BP. The occurrence of these 
plateaux is not only restricted to Rotsee but can also be 
found in other lacustrine records, such as Lobsigensee 
(Andrre et al. 1986; Ammann and Lotter 1989; 
Zbinden et al. 1989). Moreover, the two younger pla- 
teaux have also been detected in the dendrochronologi- 
cal record (Becker and Kromer 1986, 1990). These 
plateau-phases coincide with highly dynamic phases of 
environmental change (Ammann 1989b): the 12700 BP 
plateau includes the first major change in oxygen iso- 
topes (Lotter 1988; Lotter and Zbinden 1989) as well as 
the reforestation after the climatic warming of Bolling. 
The plateau at 10000 BP includes the oxygen-isotope 
change at the end of the Younger Dryas as well as the 
transition from Younger Dryas to Preboreal, i.e. the 
transition from the late-glacial period to the Holocene. 
The 9500 BP plateau, which is only present as its lower 
part in the Rotsee dating series, occurs during the eco- 
logically important change from coniferous to deci- 
duous forest. 
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Fig. 2. Rotsee (420 m a.s.1.), core RL-300: simplified pollen dia- 
gram and radiocarbon chronology for the late-glacial period and 
the early Holocene. The lithology is modified after Troels-Smith 
(1955) and the pollen zones refer to Firbas (1949, 1954). LST:  

100% 10,000 11 ,000  1 2 , 0 0 0  1 3 , 0 0 0  14,000 

Laacher See Tephra. The AMS radiocarbon dates on terrestrial 
plant macrofossils include + let and originate from cores RL-300 
and RL-305 (for details see Lotter 1988; Ammann and Lotter 
1989) 

Events during these plateaux are often lumped to- 
gether because of  coarse sampling resolution. The 
problems connected with these phases of  constant ra- 
diocarbon age and their consequences have been dis- 
cussed elsewhere (Ammann 1989b; Ammann and Lot- 
ter 1989; Lotter and Zbinden 1989). The most impor- 
tant consequences are: 
1. An accurate correlation and comparison of  stratigra- 
phies between sites is difficult for these plateau 
phases. 
2. The dates of  12700, 10000, and 9500 y BP frequently 
found for marked biotic changes at many sites might 
group together events at different times, and we then 
erroneously regard them as synchronous. 
3. It becomes difficult, if  not impossible, to calculate 
meaningful accumulation rates or rates of  change on 
the basis of radiocarbon dates during these plateau pe- 
riods. 

The sediment of  Soppensee exhibits laminations that 
are of  annual nature, i.e. biogenic varves (Lotter 1989; 
1991a). These varves start soon after the birch expan- 
sion of  Belling (Ib/c)  and gradually cease in mid-At- 
lantic. Triplicate varve counts performed on sediment 
thin-sections of core SO86-14 yielded a total number  of  
approximately 6000 years. Although this preliminary 
Soppensee varve chronology is still floating, it repre- 
sents an excellent tool for radiocarbon-independent  
time estimates. We therefore can overcome some of  the 
problems associated with the plateaux of  constant aac 
age. 

Moreover, a first estimate of  the absolute time span 
for the late-glacial regional pollen zones is now possi- 
ble. A preliminary comparison between the duration of  
these zones in radiocarbon and in sidereal years shows 
major discrepancies (Fig. 4): the significant differences 
occur during the Aller~d biozone (II: ca. 600 varves 
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Fig. 3. Soppensee (600 m a.s.1.), core 
SO86-14: simplified pollen diagram 
and squared chord distance values 
for the late-glacial period and the 
early Holocene. The lithology is 
modified after Troels-Smith (1955) 
and the pollen zones refer to Firbas 
(1949, 1954). LST: Laacher See 
Tephra. Nos. 1-6 mark peaks of the 
squared chord distance (for more de- 
tails see text) 
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Fig. 4. Preliminary comparison of the duration of the regional 
pollen zones (Firbas 1949, 1954) for the Swiss Plateau: radiocar- 
bon years versus calendar years (Lotter 1991). LST: Laacher See 
Tephra. The transition Il l /IV is assumed to correspond to the 
Pleistocene/Holocene transition dated at ca. 11300 cal. y BP 
(Becker and Kromer 1986) 

versus 1300 14C yr) and the Preboreal  biozone (IV: ca. 
300 varves versus 500 14C yr). I f  we correlate by match- 
ing the floating Soppensee varve chronology with the 
results of  the dendrochronology at the onset of  the Ho-  
locene (11280 calendar years BP, Becker and Kromer  
1986; see Fig. 5 and Lotter 1991b), the varve chrono- 
logy would extend as far back  as ca. 13000 calendar 
years (cal. y) BP. The varve chronology would therefore 
be set off  by ca. 1300 y towards older ages, and this dis- 
crepancy would steadily diminish with increasing age. 
This inconsistency between the sidereal and the radio- 
carbon time-scale has also been evidenced in other 
varve studies (e.g. BjSrck et al. 1988). In addit ion to the 
problems connected with the age plateaux it has further 
important  implications for any meaningful  calculation 
of  rates of  change during the late-glacial period. 

The rates of change 

Rates of  palynological  change, which are assumed to 
imply rates of  past  vegetational change, can be esti- 
mated  by measuring the amount  of  palynological  
change per  unit t ime between adjacent pollen samples. 
This is most  conveniently done by comput ing dissimi- 
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Fig. 5. Soppensee, core SO86-14: Dissimilarity coefficient, chron- 
ologies (14C from Rotsee in conventional radiocarbon years BP 
and varves from Soppensee in calendar years BP), and dissimilar- 
ity coefficients per unit time (note the scale differences). The radio- 
carbon chronology of Rotsee RL-300 (curve A, see also Fig. 2) has 

SOD/IO0 140 yrs SOD/IO0 cal, yrs 

been matched to the SO86-14 depth scale by correlation of the 
biostratigraphy, whereas the valve chronology (curve B) has been 
assessed on SO86-14 (dashed part of varve chronology is inferred 
by extrapolation). Nos. 1-6 mark peaks of the SCD 

larity coefficients and standardizing them to a uniform 
age unit (e.g. per 100 y, Jacobson and Grimm 1986; Ja- 
cobson et al. 1987). The squared chord distance (SCD) 
was used as a dissimilarity coefficient in this study be- 
cause of its good signal-to-noise performance with pol- 
len-percentage data (Prentice 1980; Overpeck et al. 1985). 

For the present study 55 samples from the late-gla- 
cial pollen record of Soppensee with a pollen sum 
(= 100%) of between 500-1000 pollen grains of upland 
vegetation were used. Spores and pollen of aquatics 
were excluded from this sum. Taxa with an abundance 
of less than 1% and an occurrence in less than 3 sam- 
ples were excluded for the calculation of the SCD: this 
procedure left 20 taxa. 

The SCD for the late-glacial pollen record from Sop- 
pensee shows six distinct peaks (Fig. 3). The first peak 
is caused by the increase in Juniperus, the second by the 
decrease of Juniperus and a simultaneous increase in 
Betula. The third peak marks the end of a regressive 
phase often attributed to the Older Dryas (Ic) biozone. 
Peak four reflects the spreading of Pinus and the asso- 
ciated decrease of Betula. Number five represents the 
onset of the Betula-phase in Preboreal. The last peak at 
the onset of the Boreal biozone (V) represents the tran- 
sition from coniferous forest to deciduous forest. 

In contrast to Jacobson and Grimm (1986) and Ja- 
cobson et al. (1987), the rates of palynological change 
were not estimated from smoothed and interpolated 
evenly time-spaced pollen diagrams. The amount of 
time between adjacent samples was estimated by inter- 
polation from the radiocarbon chronology (curve A in 
Fig. 5) or by varve counts (curve B in Fig. 5). Each SCD 
value was then standardized on a uniform age basis of 
100 years, both for cal. y and 14C y. 

If plotted against depth the six peaks are located at 
the same stratigraphical position (Fig. 5). Owing to the 
different calculation bases the amplitude differences 
for the peaks are almost an order of magnitude between 
the SCD/100 14C y and the corresponding values per 
calendar years during the plateau phases. If we plot the 
SCD per unit time against time (Fig. 6) the two records 
can only be compared on the basis of the biozones, due 
to the inconsistencies between the two time-scales. Us- 
ing the 14C time-scale the highest values and the highest 
concentration of data-points are, of course, encoun- 
tered around the plateaux (i.e. 12700, 10000, and 
9500 y BP) due to bias in the ~4C chronology, whereas 
the values are evenly spread on the calendar time-scale. 
Despite differences in magnitude, the SCD/100 y peaks 
that are situated in a plateau of constant 14C age (SCD 
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Fig. 6. Rates of palynological change for the late- 
glacial period and the early Holocene of SO86-14, 
estimated on the basis of the radiocarbon chrono- 
logy (Fig. 5 curve A) and varve chronology (Fig. 5 
curve B). Note the scale differences, both of the x- 
and y-axes. Roman numerals indicate the biozones 
(Firbas 1949, 1954) between dashed horizontal 
lines. Nos. 1-6 show peaks of the SCD/100 y (see 
also Fig. 3). * marks the onset of laminations, val- 
ues below have been assessed by the extrapolated 
varve chronology (see Fig. 5) 

peaks 1, 5, and the peak  after No. 6) are more pro- 
nounced if calculated on the basis of  the rad iocarbon 
chronology. The most  important  changes in the past  
vegetation, namely  peaks 2 (reforestation) and 6 (transi- 
tion f rom coniferous to deciduous forest), which are in 
fact already apparent  in the pollen diagram, are sup- 
pressed if the rates of  change are estimated on the basis 
of  the available radiocarbon chronology, whereas they 
are well represented if estimated using the varve chron- 
ology. I f  the rates were estimated using a coarser age 
unit (e,g. 1000 years, Huntley 1990), the actual patterns 
of  interest would be lost. 

varve chronology. Without such a chronology, apparent  
periods of  rapid change cannot be distinguished f rom 
changes in the a tmospher ic  14C/12C ratio, and poten- 
tially erroneous and misleading conclusions about  
synchroneity of  peaks of  apparent ly  rapid change may 
arise. 

Acknowledgements. We should like to thank the following persons 
for their valuable help: M. Andr6e, H. J. B. Birks, I. Hajdas, J. 
Hofmann, S. Juggins, M. Kummer, H. E. Wright Jr., and H. 
Zbinden. This study was supported by Swiss National Science 
Foundation (Project Nr 21-26567.89). 

Conclusions 

1. The presence of  three phases of  constant radiocar-  
bon  age during the late-glacial and early Holocene pe- 
riod prevents reliable estimation of  any rates (e.g. rates 
of  change, accumulat ion rates etc.) a round 12700, 
10000, and 9500 y BP on the basis of  14C dates only. 
For spatial correlations these age plateaux could lead 
to a false synchroneity. 
2. A discrepancy of  changing magni tude between the 
radiocarbon time-scale and the sidereal t ime-scale (i.e. 
more  calendar  years than radiocarbon years) occurs 
during the late-glacial and early Holocene.  Although an 
extension of  the radiocarbon calibration curve into the 
late-glacial per iod is needed,  it will not solve the prob-  
lems connected with the 14C plateaux. Moreover,  inter- 
polat ion of  rad iocarbon ages using only dates before 
and after such a plateau would just ignore the existence 
of  a very real problem. 
3. Therefore,  any reliable estimation of  late-glacial or 
ear ly-Holocene rates of  change f rom proxy-data  is crit- 
ically dependent  on a reliable chronology independent  
of  radiocarbon-dat ing,  such as dendrochronology or 
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