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We used principal components analysis (PCA) to distinguish wingless birch fruit 
bodies of different birch species from each other. Firts, we measured seven dimension 
variables from a modern fruit selection and analysed their explanatory power using 
PCA. Then, we included the subfossil birch fruits in PCA as passive variables and 
compared the result with the data gathered by visual analysis. PCA clearly separates 
the modern fruits of Betula nana, B. pubescens ssp. czerepanovii, and B. pendula 
from each other. PCA also provides an effective and objective tool for producing more 
detailed palaeoecological data of the occurrences of different birch species than does 
the traditional visual analysis only. Instead of classifying fossil birch fruits into rough 
type-classes at least Betula nana, B. pubescens ssp. czerepanovii, and B. pendula can 
be separated from each other on the basis of the morphological features.

Key words: modern birch fruits, principal components analysis (PCA), subfossil birch 
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Introduction

Palaeobotanical research, especially in Finland, is 
largely based on pollen analysis (e.g. Hyvärinen 
1975, Tolonen & Ruuhijärvi 1976, Seppä 1996), 
whereas plant macrofossil analysis is a rather 
neglected method (however see e.g. Vasari 1962, 
Vasari et al. 1996, Seppä et al. 2004). Pollen data 
can, in general, only provide a regional view 
of the past plant communities, whereas plant 
macrofossil analysis allows to reconstruct a local 
catchment-level plant history (Birks 2001, Birks 

2003, Seppä et al. 2004, Väliranta 2005). This 
approach is especially valuable when recon-
structing past environments in areas that nowa-
days are located beyond or above the tree line. 
For instance, subfossil birch fruits are one of 
the most abundant macroscopic plant remains 
preserved and found from lake sediments. When 
compared with information derived from past 
pollen assemblages, identification of subfossil 
birch fruits could provide important additional 
information of past environmental conditions 
of the catchment, due to the different ecologi-
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cal needs for growing conditions, reproducing 
and germination of different birch species (e.g. 
Kallio & Mäkinen 1978). Finds of subfossil 
tree-type birch fruits from locations above or 
beyond modern tree line refer, by themselves, 
to better growing conditions in the past. In addi-
tion, however, a reliable and precise identifica-
tion of fossil birch-fruit material, covering the 
time period after the last deglaciation, could pro-
vide an added value to the debate of the history 
of different birch species, and especially of the 
history, origin and taxonomic status of the moun-
tain birch Betula pubescens ssp. czerepanovii 
(synonym for B. pubescens ssp. tortuosa) (Vaar-
ama & Valanne 1973, Kallio & Mäkinen 1978, 
Hämet-Ahti 1987, Aas & Faarlund 2001 and ref-
erences therein). Accordingly, palaeoecological 
interpretation should be based on a trustworthy 
separation of pubescent and white birches (B. 
pubescens and B. pendula), mountain birch (B. 
pubescens ssp. czerepanovii), and dwarf birch 
(B. nana). It is commonly recognised among 
palynologists that it is extremely difficult, if 
not impossible, to identify different birch spe-
cies based on pollen analysis only (however see 
Mäkelä 1996). By contrast, in optimal circum-
stances tree-type birch fruits are relatively easy 
to distinguish from dwarf birch fruits. Yet, a lot 
of morphological variation exists (Białobrzeska 
& Truchanowiczówna 1960) and hybridization 

between different birch species complicates the 
visual based identification further due to the 
transmission of varying amount of genetic infor-
mation to fruits of a new hybrid (Valanne & 
Sulkinoja 1991).

As shown in studies of van Dinter and Birks 
(1996), and Freund et al. (2001) principal com-
ponents analysis (PCA) is a useful tool to sepa-
rate wingless birch fruit bodies of different birch 
species from each other. As a complement to 
the previous studies carried out in relatively 
southern latitudes, we here apply PCA to a small 
subarctic lake in northern Norway (69°45´N, 
23°50´E) to provide new data of the past pres-
ence of different birch species in an area that 
currently is located at the subarctic tree line. 
Moreover, we will emphasize the potential of 
the objective PCA method to distinguish fossil 
birch fruits from each other in a more reliable 
way than the traditional, more subjective, visual 
method does. 

Methods

Fruit measurements

Modern fruits of five taxonomic birch groups 
were selected: Betula pubescens, B. pendula, 
B. nana, B. pubescens ssp. czerepanovii, and a 
hybrid B. nana ¥ pubescens. Fruits were col-
lected from the botanical garden of the Univer-
sity of Turku, Finland. The fruits represent a 
selection of birches that originate from northern 
provenances but have been transplanted/germi-
nated relating to propagation studies carried out 
at the University of Turku. Nomenclature follows 
that of Hämet-Ahti et al. (1998). Thirty fruits of 
each group were copy-drawn using a binocular 
and a camera Lucida. Each fruit was drawn three 
times and seven different size and shape vari-
ables were measured from each drawing accord-
ing to van Dinter and Birks (1996) (Fig. 1). The 
average of three separate measurements was 
used for statistical analysis. The measured vari-
ables were: length (L, mm), width of the widest 
part (W, mm), angle formed by the shoulders (α), 
angle formed by the base (β), angle formed by 
the lower side (γ), length from base to the widest 
part (A, mm), and width of base (B, mm). Instead 
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Fig. 1. The measured variables on Betula fruit bodies.
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of using only one morphometrical ratio (cf. van 
Dinter & Birks 1996, Freund et al. 2001) we 
used three different ratios, A:L, A:W and B:W (¥ 
100), to measure the symmetry of the fruit body. 
The mean, median, minimum, and maximum 
values of the measurements are shown in Table 
1. All ten morphological variables were used in 
the PCA.

Subfossil fruits (220 individuals) were at first 
identified visually to as low a taxonomic level as 
possible from a 185-cm-long sediment core at 5 
cm intervals. Their dimensions were then meas-
ured and compared with the modern birch fruit 
data using PCA.

Principal components analysis

Principal components analysis (PCA) was used 
to interpret and summarise the major patterns 
of variation within the birch fruit data. PCA is 
an indirect ordination technique for obtaining a 
low-dimensional representation of multivariate 

data so that the data can be explored visually in a 
two dimensional PCA correlation biplot and any 
structure in the data identified (Everitt 1978). 
In the correlation biplot, variables with high 
positive correlations have acute angles between 
their vectors. The length indicates the strength 
of the variable in relation to the displayed ordi-
nation (ter Braak 1994). The fossil birch fruits 
are included in the PCA as supplementary (pas-
sive) variables. These variables do not affect the 
analysis but are positioned subsequently of the 
ordination biplot as if they had taken part in it 
(ter Braak & Šmilauer 1998). PCA is performed 
on untransformed and centred and standardised 
species data using the program CANOCO 4.5. 
(ter Braak & Šmilauer 2002).

Results and discussion

PCA ordination is shown as a two-dimensional 
correlation biplot (Fig. 2a). The eigenvalues for 
PCA axes 1 and 2 are 0.44 and 0.19, respec-

Table 1. Summary of measurements of modern birch fruits.

	  	 L	 W	 A	 B	 α	 β	 γ	 A:L	 A:W	 B:W
		  (mm)	 (mm)	 (mm)	 (mm)				    (%)	 (%)	 (%)

B. nana (number on fruits = 30)
	 mean	 1.74	 1.23	 0.87	 0.33	 44.37	 81.47	 29.93	 49.97	 72.04	 26.76
	 median	 1.75	 1.19	 0.87	 0.30	 45.00	 81.00	 28.50	 50.01	 71.59	 22.31
	 min	 1.43	 0.96	 0.54	 0.14	 28.00	 70.00	 16.00	 37.50	 46.94	 13.33
	 max	 1.90	 1.65	 1.09	 0.95	 55.00	 98.00	 45.00	 63.01	 94.00	 64.63
B. pubescens ssp. czerepanovii (number on fruits = 30)
	 mean	 2.77	 1.25	 1.61	 0.22	 39.73	 68.15	 22.07	 57.69	 130.89	 17.99
	 median	 2.78	 1.25	 1.59	 0.19	 39.00	 68.50	 21.00	 58.16	 125.51	 16.29
	 min	 2.03	 0.88	 0.79	 0.14	 24.00	 48.00	 11.00	 35.11	 73.38	 9.62
	 max	 3.53	 1.80	 2.37	 0.49	 56.00	 84.00	 46.00	 76.95	 216.67	 46.08
B. pubescens (number on fruits = 30)
	 mean	 2.01	 1.10	 1.15	 0.21	 37.73	 72.87	 23.03	 57.21	 106.34	 19.39
	 median	 2.04	 1.11	 1.17	 0.18	 36.50	 74.00	 22.00	 57.11	 103.67	 17.43
	 min	 1.43	 0.87	 0.72	 0.11	 23.00	 54.00	 12.00	 40.22	 63.72	 9.38
	 max	 2.49	 1.33	 1.62	 0.42	 58.00	 88.00	 31.00	 71.43	 157.47	 38.00
B. nana ¥ pubescens (number on fruits = 30)
	 mean	 1.94	 1.19	 1.06	 0.25	 38.30	 73.12	 27.63	 54.51	 89.94	 21.40
	 median	 2.03	 1.17	 1.09	 0.22	 38.50	 73.50	 27.50	 54.78	 84.48	 20.00
	 min	 1.04	 0.70	 0.49	 0.11	 32.00	 57.00	 13.00	 41.48	 53.33	 7.75
	 max	 2.84	 1.44	 1.55	 0.47	 50.00	 94.00	 40.00	 73.46	 163.16	 41.43
B. pendula (number on fruits = 30)
	 mean	 2.03	 0.94	 1.08	 0.17	 35.32	 64.43	 23.67	 53.16	 115.36	 17.91
	 median	 2.08	 0.95	 1.04	 0.16	 35.00	 64.00	 23.00	 53.23	 115.36	 17.36
	 min	 1.49	 0.75	 0.75	 0.11	 21.00	 44.00	 14.00	 40.81	 72.12	 11.97
	 max	 2.49	 1.17	 1.32	 0.30	 51.00	 80.00	 38.00	 61.50	 155.42	 30.61
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tively, thus capturing 62.7% of the total variance 
in the data. The third (λ3 = 0.13) and fourth (λ4 
= 0.10) PCA axes show low eigenvalues and 
are not discussed further. Three groups with 
positive correlations can be identified. The first 
group consists of variables indicating the shape 
of the fruit base (β, B, γ and B:W). Variables 
describing the length characteristics (A, L, and 
A:W) form the second group. These are strongly 
correlated to PCA axis 1. The third group is 
highly correlated with PCA axis 2 and comprises 
variables describing the width of the fruit (W, 
α). Small and round fruits of B. nana (mainly 
upper right quarter) and longer, slimmer and 
more steep-sided B. pubescens ssp. czerepanovii 
fruits (upper left quarter) are distinctively sepa-
rated by PCA axis 1 with only two fruits of B. 
pubescens ssp. czerepanovii being plotted among 
the fruits of B. nana. These outliers may be the 
result of natural variation in shape (Białobrzeska 
& Truchanowiczówna 1960). Width (W) and α 
seem not to be important variables to separate 
dwarf birch from mountain birch. Instead, these 
features separate white birch, B. pendula, from 
the other birch taxa. B. pendula fruits seem to, 
in general, have distinctly narrow shoulders and 
are thus negatively correlated with the PCA 
axis 2. Betula pubescens and the hybrid B. nana 

¥ pubescens are plotted around the origo and 
cannot reliably be separated from each other 
based on the wingless fruits only.

The fossil Betula fruits are plotted as num-
bers (Fig. 2b), which correspond to the depths 
shown in Fig. 3a. At first sight it appears that 
the fossil fruits are scattered all around the PCA 
biplot. However, this exercise provides interest-
ing and useful information when converted as a 
stratigraphical diagram and compared with the 
results of visual birch-fruit identification (Fig. 
3). Based on visual analysis (Fig. 3a), subfossil 
fruits are categorized into three groups: Betula 
nana, tree-type Betula, and Betula sp. Most of 
the fruits could not be identified to a species 
level and are thus marked as Betula sp. Moreo-
ver, it is also impossible to separate the different 
tree-type birch fruits (B. pubescens, B. pendula, 
and B. pubescens ssp. czerepanovii) from each 
other. The PCA analysis, instead, separates four 
groups of birch fruits (Fig. 3b) providing more 
detailed information about the occurrences and 
amounts of different birch species. Despite the 
assumption that pure B. nana fruits should easily 
be distinguishable, the amount of B. nana clearly 
increases as a result of PCA (Fig. 3). The high 
and frequent abundance is in accordance with the 
fact that dwarf birch is one of the most dominant 
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Fig. 2. Principal components analysis (PCA) ordination diagram showing the position of (a) modern Betula fruits 
and (b) subfossil Betula fruits in relation to the measured morphological variables. The numbers in panel b corre-
spond to the depths in Fig. 3a.
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vascular plant inhabiting northern fjeld areas 
(Kallio & Mäkinen 1978). In addition, PCA also 
suggests that B. pubescens ssp. czerepanovii has 
been present in the catchment almost throughout 
the time under examination. This fits the concep-
tion of Hämet-Ahti (1987), who suggests that 
mountain birch actually originates from isolated 
B. pubescens populations that survived in north-
western Europe through the last glaciation. PCA 
also suggests that B. pendula has been present 
in the area. This is interesting, since according 
to Kallio and Mäkinen (1978) in Finland the 
modern northern limit of B. pendula is ca. 69°N. 
The fruits mainly occur at the lower part of 
the core that most probably represents the time 
period of early to mid Holocene. The sediment 
core is not dated, but based on 14C radiocarbon 
dates derived from three lakes being situated in 
close vicinity, with sediment thicknesses of 209 
cm, 240 cm and 140 cm, respectively, and repre-
senting at least the last 7000 years (R. Bradshaw 
pers. comm.) this sediment sequence (185 cm) 
likely covers at least the same time span. Fur-
thermore, since the long-term average sedimen-
tation rate in subarctic/arctic lakes is shown to be 
ca. 0.1–0.2 mm a–1 (e.g. Barnekow 1999, Sorvari 
2001, Korhola & Weckström 2004), the sedimen-
tation probably started during the early Holocene. 
Another evidence for early Holocene inception is 
the finds of Nuphar sp. from the bottom part of 
the core. This species cannot survive in subarctic 
lakes, thus, its presence indicates warmer than 
present climate conditions. According to Mäkelä 
and Hyvärinen (2000), B. pendula had a much 
wider northern distribution during the Holocene 
thermal optimum 8000–5000 years ago but the 
distribution decreased towards the present due to 
the slowly cooling climate. Thus, in theory it is 
possible that B. pendula colonised the catchment 
after deglaciation. Alternatively, the fruits might 
represent the northern form of the silver birch 
B. pendula var. lapponica. Unfortunately, this 
could not be verified, since no modern reference 
fruit-material was available. A possible misin-
terpretation of PCA, resulting from the inter-
nal variation in fruit morphology reported e.g. 
by Białobrzeska and Truchanowiczówna (1960) 
must also be considered. However, PCA seems 
to separate the modern B. pendula fruits fairly 
well from the other birch fruits (Fig. 2a).

PCA proves to be a helpful tool to separate 
subfossil birch fruits from each other and is a 
recommendable aid to use together with the 
visual analysis. In this study, the drawings of 
fruits as well as the variable measurements were 
done manually but modern computer-aided draw-
ing and measuring techniques can provide a less 
time-consuming way to copy-draw fossil fruits. 
In order to verify the possible occurrence of B. 
pendula in northern Norway during the Holocene 
thermal optimum more studies are needed. In the 
near future DNA analysis might provide new 
insights of the phytogeographical history of dif-
ferent birch species in Fennoscandia.
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Fig. 3. The stratigraphical distribution of subfossil 
Betula fruit finds from a northern Norwegian lake based 
on (a) visual interpretation and (b) PCA.
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