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Isoline maps of per cent age of pol len, ob tained for dif fer ent time ho ri zons through the Ho lo cene, are a typ i cal tool for
palaeobotanical stud ies. In con nec tion with the West Carpathian pro ject the au thors have de vel oped the idea of graph i cally
pre sent ing on the map a rate of change of the pol len per cent age. Such a map is based on the data from two time ho ri zons.
The pre ci sion of such a type of map, which shows the %/change/100 yrs, and in which the value can be neg a tive as well as
pos i tive, is lower that of a typ i cal isopollen map. How ever, this type of map gives a di rect in sight into changes in the plant
cover, which are re lated to cli mate change.

Key words: isopollen maps, rate-of-change map.

INTRODUCTION

Palaeobotany, es pe cially palynology, serves as a
palaeoclimate proxy data source, since the tax o nomic as sem -
blages in di cate many weather pa ram e ters with rel a tive ac cu -
racy, such as av er age or ex treme tem per a tures or pre cip i ta tion. 
Re gional isopollen maps (Szafer, 1935), pro duced for time ho ri -
zons from the Ho lo cene and Late Gla cial (e.g., Ralska-
 Jasiewiczowa et al., 2004), are an al most unique source of geo -
graph ical in sight into the plant cover of the past. Since
palynological data con sists, as a rule, of full pro files fre quently
cov er ing a geo log i cal ep och, it is typ i cal to have isopollen maps
not only for one time ho ri zon (Hunt ley and Birks, 1983; Hoek,
1997a, b), but also for a se ries of ho ri zons. It is there fore nat u ral 
to ana lyse not only one given map, but two neigh bour ing maps,
in search of some pat tern of change of plant cover. 

The pri mary re sult of such an anal y sis is in for ma tion re gard -
ing in which ar eas the amount of pol len per cent age of a given
taxon rises or falls. The ques tion how well the pol len per cent -
age does in fact rep re sent the veg e ta tion is an other mat ter.
That prob lem will not be dis cussed here, since many pa pers
con sid er ing the sub ject of isopollen maps have al ready cov ered 
this (e.g., Szafer, 1935; Hunt ley and Birks, 1983; Ralska-
 Jasiewiczowa et al., 2004), as have more re cent pub li ca tions
(Gaillard et al., 2008).

THE IDEA OF THE RATE OF CHANGE MAPS 

For each se lected point on the map, it is sim ple to cal cu late the 
dif fer ence in pol len per cent age. Let us de note is dif fer ence as DP
(the older P is sub tracted from the youn ger value). The time span
DT for the two given maps would be of the or der of hun dreds of
years up to 1000 years. The ra tio R = DP/DT is sim ply the rate of
change of pol len per cent age for a given geo graph ical po si tion.

Pol len per cent age val ues are plot ted on the maps, as a rule,
mak ing use of the isoline idea, which makes the map more read -
able. The nat u ral, con tin u ous val ues of the es ti mated pol len per -
cent age are cate gor ised into a set of bands; for ex am ple 0–0.1%, 
0.1–0.2%, 0.2–0.5%, and so on. It is clear that the R (rate of
change) should be cal cu lated prior to this cat e go ri za tion. The
map of R val ues runs the same way as do the P-maps and they
will also fi nally be cate gor ised by isolines. The only sig nif i cant dif -
fer ence, how ever, is that twice the vol ume of data is nec es sary
here; namely the P val ues, for all the sites avail able, for two time
ho ri zons. A nec es sary, ad di tional data item is the DT. This seems 
to be triv ial, be ing sim ply DT = 500 years, for ex am ple; in prac tice, 
though, the ques tion of the pre ci sion of DT is far from sim ple.

THE MAP CONSTRUCTION

The palynological pro files are ra dio car bon dated as well as
dated by com par i son with other, neigh bour ing pro files. The sec -
ond method does not nec es sar ily make the ar gu ment cir cu lar,
since the data are multivariate. Cor re la tion by one taxon im -
poses the same cor re la tion for all other taxa. How ever, even the 
most pre cise el e ments of the dat ing pro cess, namely the ra dio -
car bon dates, are not free of un cer tainty. The only solid fact is
that the 14C ages have a well de fined con fi dence band (as long
as there is no gross er ror, for ex am ple of the type of sam -
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Fig. 1. Two typ i cal isopollen maps (A, B) of the per cent age of an ex am ple taxon, ob tained
 for time ho ri zons 4000 14C BP (A), and 4500 14C BP (B); the third map (C) com prises the in for ma tion from both 

the above time ho ri zons show ing dif fer ences in per cent ages re cal cu lated to the time unit (100 yrs)

The value range of (A), and (B) is roughly from 1 to 10%, while for (C) it is from –0.4 to +1.0 %/100 yrs
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Fig. 2. The ex am ples of dif fer ent data pre sen ta tion ac cu racy

The me dian (B) map is prob a bly a good trade-off be tween the loss of valu able in for ma tion and ar ti fi cially cre at ing in for ma tion



ple/con text). Ra dio car bon dates are rare, at least for older pro -
files, so rel a tive dat ing is nec es sary. Fi nally, in ter po la tion by the 
sub jec tively cho sen method cre ates an ad di tional source of un -
cer tainty in terms of un known sta tis ti cal fea tures. To pro duce a
map for each pro file re quires its sam ples to be dated. It is rel a -
tively easy to at tach a num ber of years to the sam ples, but it is
al most im pos si ble to es ti mate the pre ci sion of the dat ing. Also,
this is not the fi nal step. While the map is de fined to il lus trate the 
time T (for ex am ple T = 4500 yr b2k; Fig. 1B), it is not rea son -
able to ex pect to have sam ples in the pro files of that age la bel.
A fur ther in ter po la tion is nec es sary. How ever, tak ing into ac -
count the low time res o lu tion of dat ing, a Gaussi an smooth ing
of sam ples from the vi cin ity of T is ap plied, in stead of a sim ple
(lin ear) in ter po la tion. The Gaussi an weights are de fined by the
nor mal dis tri bu tion bell curve of the mean value equal to T and
s equal to, for ex am ple, 200 years. It means that sam ples of
age T ± 1s are of 61% (not 68%) im por tance in terms of the T
age, and that of age T ± 2s are of 14% weight, while at T ± 3s
we ap proach 1%, which is prac ti cally zero. How ever, 3s means
600 years (in fact ±600 years), if s is as sumed to be equal to
200 years. 

The last in ter po la tion is that be tween sites, in the geo graph -
ical sense. The fi nal re sult is the P per cent age for each map
point. The value of rate of change is cal cu lated as the dif fer ence
of P’s from two maps di vided by DT. If there are N P-maps (N
time ho ri zons), then the to tal num ber of R-maps will be N-1. The
R-map cal cu lated based on the P-maps for time T and T-DT
should be in ter preted as il lus trat ing the time T-DT/2 (Fig. 1C).

From the nu mer i cal point of view of com puter cal cu la tions, it
is pos si ble to split up the Ho lo cene into 1 year sec tions. One can
pro duce over 10,000 maps and even pub lish them (on the web).
This is sim i lar to a movie based on the maps, which re quire thou -
sands of frames. The map ob tained for T = 1234 yr b2k may be
re li able enough if cal cu lated with s no less than, say 100 years.
Of course, this does not mean that such a map il lus trates pre -
cisely that time point. Cal cu la tion of R-maps with a too small DT
is un rea son able. If the two quan ti ties DT and s are in ter re lated,
the re la tion ship would be as sim ple as s = DT/2; how ever, it
would be sen si ble to also use an other fac tor.

ADVANTAGE OF THE RATE OF CHANGE MAPS
OVER THE CONVENTIONAL ISOPOLLEN MAPS

It is clear from the maps in Fig ure 1A and B that the given
taxon is more abun dant in the west than the east. How ever,
only a map chart ing the rate of change makes clear more sub tle 

fea tures con nected with the evo lu tion of the taxon cover. In the
mid dle of the given area, there is an ev i dent in crease of pol len.
That fea ture can be dis cov ered when in spect ing both the
(Fig. 1A) and (Fig. 1B) maps in par al lel. Sim i larly, the fall in pol -
len per cent age vis i ble on (Fig. 1C) on the right can be rec og -
nized from (Fig. 1A) and (Fig. 1B); how ever, on (Fig. 1C), it is
sim ply and di rectly in di cated, with its nu mer i cal value (be tween
–0.4 and –0.2 %/100 yrs).

Se lec tion of the value of DT is a trade-off be tween the high
num ber of maps ob tained for the given da ta base, and of that par -
tic u lar map ac cu racy (re li abil ity). The sec ond value is very dif fer -
ent since it is mea sured (while the first one is sim ply a num ber).
On Fig ure 2 are shown maps with dif fer ent smooth ing (av er ag -
ing) de grees. The ex tremes would be: the rep re sen ta tion of each 
site in cluded with its own value; or, on the other hand, one value
used right across the map. Such ex tremes are not pre sented be -
low. How ever, the map (Fig. 2A) is prob a bly slightly too pre cise,
in terms of the re li abil ity of the vis i ble fea tures. Map (Fig. 2C),
how ever, seems to be too poor in terms of suf fi cient de tail. The
in ter me di ate one (Fig. 2B) is prob a bly a good op tion. 

Ap pre ci a tion of the qual ity of fered by maps is pos si ble with
the ap pli ca tion of the boot strap ping method (Walanus and
Nalepka, 2009), or by vi sual in spec tion of a se ries of maps by
an ex pe ri enced sci en tist. The pro posed maps of rate of change
of the per cent age pol len (Fig. 2) are very sen si tive to over es ti -
ma tion in terms of the amount of in for ma tion they con vey. This
is con nected with the fact that twice as much data has been
used in their cre ation than for typ i cal isopollen maps. How ever,
the po ten tial map reader has to bear in mind that in the case of
dif fer en ti a tion, data im pre ci sion grows, be cause it is in sum -
mary form, while the data val ues them selves may eas ily be
close to zero af ter sub trac tion. If used with a due amount of
care, the rate-of-change maps could be seen, how ever, as a
good tool for de ter min ing plant cover change in di ca tors. 
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