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Abstract: Norway spruce (Picea abies) and Siberian spruce (P. obovata) are among the most important for-
est-forming coniferous species in the boreal part of Eurasia. Despite numerous publications on the taxon-
omy of Norway spruce and closely related taxa (P. obovata Ledeb. and P. fennica (Regel) Kom.), the problem
of their identification, as well as clarification of their taxonomic status, has not been solved so far. Species
delimitation is particularly challenging when P. abies, P. obovata and P. fennica occur in sympatry.

Our study aims to assess taxonomic value of proposed earlier and search for stable diagnostic characters of
cones and their scales to distinguish Picea abies and its sympatric in the North-West of Russia P. fennica and
P. obovata. In addition, we analyzed and updated information on geographical distribution and phytocenotic
characteristics of the above-mentioned species in the North-West of the European part of Russia.

We examined herbarium specimens and cones sampled from 88 trees from 22 Picea stands located through-
out the study region. Each tree was represented on average by 5 cones, in total 415 cones were analyzed.
Morphometric analyses included 16 morphological characters of cones and their scales selected based on
our own observations and published data.

Multivariate comparison had shown a large overlap between P. obovata and P. fennica, while individuals of P.
abies formed a separate and less overlapping cluster. Among the six qualitative (discrete) characters, shape
of seed scale and shape of its upper margin have non-overlapping frequency distributions and can separate
P. abies and P. obovata.

Several new diagnostic characters are proposed: morphology and size of bract scales and ratio of the size of
seed scales and bract scales. Phytocenotic analysis showed that different spruce taxa occupy specific habi-
tats, which in their turn connected with the latitudinal gradient: in normally drained habitats, Picea obovata
is found mainly in poor shrubby-green-mossy forests, which are typical of the northern and middle parts of
the Northern taiga; Picea abies — in richer green-mossy habitats (Vaccinioso-hylocomiosum, Oxalidoso-hylo-
comiosum, Hylocomiosum), which begin to occur already from the middle part of the Northern taiga. Picea
fennica occupies both habitats.
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Introduction

Genus Picea A. Dietr. has circumpolar distribution
throughout the northern hemisphere and compris-
es 34-38 species (Farjon, 2001, 2017). The largest
number of species is found in Central and Western
China, as well as in North America (Farjon & Filer,
2013). Picea abies (L.) H. Karst. is common in Eu-
rope and P. obovata Ledeb. found from Fennoscandia
and Ural to the Far East, covering Siberia (Tsuda et
al., 2016). Exact limits of the distribution ranges and
taxonomic status of P. abies and P. obovata have been
much debated since many diagnostic morphological
traits of the two species are blurred by introgressive
hybridization in their contact zones (cf., Tollefsrud
et al., 2015; Tsuda et al., 2016). Intermediate mor-
phological states are described either as clinal or
geographic variation without taxonomic recogni-
tion (Schmidt-Vogt, 1977; Popov, 1996a; Volkova et
al., 2014) or treated at intraspecific taxonomic lev-
el (Teplouchoff, 1868; Sukachev, 1928, 1938; Lind-
quist, 1948; Jalas & Suominen, 1973; Schmidt-Vogt,
1974, 1977; Hamet-Ahti et al., 1992; Tutin et al,,
1993; Jonsell, 2000; Latalowa & Knaap, 2006 etc.),
or as hybrids P. fennica (Regel) Kom. (Ramenskaya,
1983; Tzvelev, 2000; Schmidt, 2005; Notov, 2005;
Averyanov et al., 2006) or as a separate species of
a hybrid, origin, Finnish spruce (P. fennica (Regel)
Kom.) (Komarov, 1934; Bobrov, 1971, 1974, 1978,
1983; Lantratova, 1985; Mamaev, 2000; Bakin et al.,
2000; Kravchenko, 2007; Doronina, 2007). Monog-
raphers of conifers (Beissner, 1909; Komarov, 1934;
Bobrov, 1971, 1974, 1978, 1983; Farjon, 1990, 2001,
2017) and most of the current Russian literature
(Lantratova, 1985; Mamaev, 2000; Bakin et al., 2000;
Kravchenko, 2007) consider all three taxa (P. abies, P.
obovata and P. fennica) as separate species.

Bobrov (1944) suggested introgressive hybridi-
zation as a possible explanation of the origin of P
fennica. According to this theory, intermediate forms
between Picea abies and P. obovata, inhabiting the NE
Europe, are “the result of a long-time hybridogenic
interaction of European and Siberian species” (Bo-
brov, 1944). Recurrent hybridization between the
Norwegian (P. abies) and Siberian spruce (P. obova-
ta) in their contact zones is widely accepted (Bo-
brov, 1944, 1978, 1983; Shcherbakova, 1973; Popov,
19964, 2000, 2003, 2010; II’inov et al., 2011).

The territory of the North-West of Russia in-
cludes Leningrad, Pskov, Novgorod, Murmansk re-
gions and Karelia. Most common spruce species
in the territory are P. abies and P. x fennica (Tzveley,
2000; Averyanov et al., 2006; Doronina, 2007). P,
obovata is recorded in Svirsky (environs of village
Voznesenie) and Vepsovsky districts of the Leningrad
region (Tzvelev, 2000). In the Leningrad region Picea
abies prevails, whereas P. fennica usually occurs as an

admixture in coniferous forests throughout eastern
and north-eastern parts of the region. For the Novgo-
rod Region (Yurova et al., 2009), only 2 species are
given — P. abies and P. x fennica. Only P. abies occurs in
the Pskov region (Efimov & Konechnaya, 2018).

North-West Russia was a contact zone between
P. abies and P. obovata during the Early and Middle
Pleistocene (Bobrov, 1983; Popov, 2003, 2010, 2014)
or from the middle Holocene (Sukachev, 1928, 1938;
Danilov, 1943; Schmidt-Vogt, 1974, 1977). At the
end of the Mikulin (Eemian) Interglacial more ther-
mophilic P. abies began its range expansion to the
east and replaced P. obovata creating a secondary
contact zone of introgression with P. obovata. In the
second half of the Holocene hybridogenic forms of
these species migrated north across Prionezhie, Ka-
relia, Finland, mostly the Kola Peninsula and further
south along Sweden and Norway, except for the ex-
treme north of the Scandinavian countries and the
Kola Peninsula, where the Siberian P. obovata also re-
mained during the last glaciation (Bobrov, 1983; Par-
ducci et al., 2012, but not confirmed by recent study
by Alsos et al., 2020).

Molecular genetic studies supported that P. abies
and P obovata are separate taxa (Tollefsrud et al.,
2008, 2015; Lockwood et al., 2013; Aarrestad et al.,
2014; Tsuda et al., 2016). Tollefsrud et al. (2008) has
shown that the genetic border between P. abies and P,
obovata is situated east of the Ural Moutains, in the
Ob River. These results also agree with morphologi-
cal data on cone scale shapes (Popov, 2003). Accord-
ing to Tollefsrud et al. (2015) cpDNA analyses points
at a split between the two species (P. abies and P. obo-
vata), and the creation of a hybrid zone, predating the
LGM. Based on microsatellite analyses, individuals of
P. fennica did not constitute a separate genetic cluster
(Potokina et al., 2013), but their hybrid origin was
supported by the genetic admixture from both paren-
tal groups P. abies and P. obovata.

Alternative taxonomic treatment considers P
abies and P. obovata as infraspecific taxa of a single
species (Schmidt-Vogt, 1977; Popov, 1996a; Volkova
et al., 2014) based on a lack of morphological and
genetic specificity of intermediate forms united un-
der “P. fennica”, as well as referring to continuous and
adaptive nature of the clinal morphological variation
in direction from West to East.

Most commonly used diagnostic character to de-
limit two species Picea abies and P. obovata is a shape
of seed scales (cf., Farjon, 1990, 2017), but there
is no agreement in application of other characters.
Morphology of seed scales was used as an evidence
supporting introgressive hybridization between P.
abies and P. obovata (Tatarinov, 1989; Popov, 1996a,
1996b, 2000, 2003, 2010, 2014). These studies,
however, did not take into account characters of bract
scales and vegetative organs (needles, young shoots).
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Our earlier studies (Orlova & Egorov, 2011; Orlova,
2012; Orlova et al., 2017) identified 14 new charac-
ters of vegetative organs: the location and number of
stomatal lines on the sides of the needles, the pres-
ence of white wax coating on them; length, the shape
of cross-section, pubescence of the pulvini of annu-
al shoots, the angle of their deviation from the axis
of the shoot; the shape of the apical buds and their
scales, the deviation of the bud scales from the bud;
the ratio of the length of the profiles (basal scales at
the base of the apical buds) and apical buds. These
studies also suggested that general morphology of
mature cones, i. e. their shape and size, shape of the
base of cones, seed scale deviation from the axis of
the cone, the number of parastiches; shape and size
of seed scales, shape and the integrity of its upper
margin; size and shape of bract scales — are valuable
diagnostic characters of P. abies and closely related
taxa. However, earlier studies did not include any
statistical analysis of these new characters of cones
and their scales.

The main aim of our study was to apply morpho-
metric methods to estimate taxonomic value of pro-
posed earlier and search for stable diagnostic charac-
ters of cones and scales to distinguish Picea abies and
its sympatric in the North-West of Russia P. fennica
and P. obovata. Additonally, we analyzed and updated
information on geographical distribution and phyto-
cenotic characteristics of the above-mentioned spe-
cies in the North-West of the European part of Russia.

Materials and methods

Plant material

Field work was conducted during the field season
of 2009-2010 in the Murmansk Region, the Repub-
lic of Karelia and the Leningrad region (the eastern
and south-eastern parts). We aimed to clarify the
geographic distribution (Fig. 1, 2, Appendix 1) and

phytocenotic characters of P. abies, P. obovata, and P.
fennica the North-West European part of Russia (Ta-
ble 1). We set up 22 plots where 4 (min-max) trees
of similar age and height were selected. For each in-
dividual tree, we took 5(4-6) cones and pressed one
shoot with needles. Here we present results based
on cone morphology only. All herbarium material,
collected during these expeditions has been deposit-
ed in Herbarium of Komarov Botanical Institute RAS
(LE).

In Table 1 the geobotanical (phytocenotic) zona-
tion of the taiga by Alexandrova and Yurkowskaya
(Aleksandrova & Jurkovskaya, 1989) was adopted
with the further division of the Northern taiga into
the following regions: the northern part (Kola-Tulo-
ma district and the northern part of the Kandalaksha
district), the middle part (the southern part of the
Kandalaksha district and Pjaozersky-Toposersky dis-
trict) and the southern part (Kujtinsko-Vigoserskiy
district) (Orlova & Egorov, 2011). This subdivision is
based on climatic observations (Egorov et al., 2015).
In particular, the southern part of the northern taiga
is distinguished clearly by warmth supply (the sum
of active temperatures above 0 °C), in the temper-
ature range 1652-1816 °C, and is characterized by
minimal overlapping of the ecological characteristics’
values of the adjacent forest regions (Egorov et al.,
2015).

Table 1 provides the information on the frequency
of occurance of spruce taxa in forest regions, which
was calculated based on the ratio of number of trees
of a particular taxon to the total number of trees .The
species were identified based on the tree cones col-
lected under particular tree. The names of the com-
munities are given in a broad sense and were com-
piled during desk processing based on dominant and
indicator species.

During the 2011-2017 a survey of floristic diver-
sity of the islands in the Gulf of Finland and the Vy-
borg Bay (Leningrad Region), on the coast of the Gulf
of Finland (Kurgalsky Peninsula and the vicinities of

Table 1. Characteristics and geographic location of 32 selected plots of spruce taxa in the taiga regions of the North-West

of Russia (Orlova & Egorov, 2011, with modifications).

Range of plots’

Picea fennica (%)

Taiga regions (forests), Plant communities location Picea F 0 I i E . Picea
Number of plots . obovata (%) orm close to Intermidiate Orm cIOS€  hies (%)
N latitude Picea obovata form to Picea abies

North taiga, N part of  Fruticuloso-hylocomiosum ~ 68°10'39"-

the subzone 67°34'51" 70-90(95) (5)10-30 0 0 0

Northern taiga, the Fruticuloso-hylocomi- 67°09'50"—

middle part of the osum, more rarely o1 A 50(40-60) 30-35 (0)15-20 0 0

.. . 65°14'40

subzone Vaccinioso-hylocomiosum

Northern taiga, S part  Vaccinioso-hylocomiosum, — 64°24'39"- g 5 5

of the subzone Sphagnosum 63°05'59" 5-40 10-20 0-60 (©)15-30 0-40
. . Vaccinioso-hylocomiosum, — 62°51'20"-

Middle taiga Sphagnosum 60°48'17" 0-20 10 30-75 0-50 10-55

Oxalidoso-hylocomiosum 59°26154"_
Southern taiga Vaccinioso-hylocomiosum, 59°15'15" 0 0-10 0-5 0-35 60-90

Sphagnosum
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Lomonosov) special attention was given to the native ~ Morphometric analysis

species of conifers. Extensive herbarium materials

(cones and vegetative shoots) 100 herbarium speci- For the morphometric analyses we included ma-
mens were collected to get knowledge about the dis-  terial collected from 22 Picea stands (sampling plots)
tribution of Picea taxa on the islands of the eastern from Leningrad and Murmansk regions, and S. and
Gulf of Finland (Fig. 1, 2, Appendix 1). N. Karelia. Detailed description of collections is

Legend:

O Picea obovata
© Picea abies
@ Town

@ City
I Region nhumber

--— Region boundary
=== National border

200

Fig. 1. Sampled populations of Picea abies and P. obovata in the North-West of Russia. Region number: I - Murmansk, II —
Karelia, III — Leningrad
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Legend:

A Picea fennica intermediate form
A Picea fennica close to P. abies

/\ Picea fennica close to P. obovata
@ Town

@ City
I Region number

--— Region boundary
=== National border

1

Fig. 2. Sampled populations of three forms of Picea fennica in the North-West of Russia. Map symbols as in Fig. 1

provided in Appendix 1. In total 88 trees were sur-
veyed. From each tree we included 5 (4-6) cones to
account for individual variability. Total number of
trees analyzed were 10 for P. abies (45 cones); 13 for
P. obovata (60 cones) and 21 for P. fennica (115 cones).
Some individuals were identified as “fennica abies” or
“fennica obovata” to document intermediate forms

resembling “abies” or “obovata” more closely. We
studied 23 trees of P. fennica close to P. abies (=P. fen-
nica X P. abies) (99 cones) and 21 trees identified as P
fennica close to P. obovata (=P. fennica x P. obovata) (96
cones). In total 415 cones were analyzed. Based on
our preliminary morphological observations of both
reproductive characters and vegetative characters of
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Table 2. Qualitative and quantitative characteristics used in morphometric analyses of three species of Picea

N Morphological character Abbreviation Character states codes
Qualitative characters:
1 Shape of cones ShCo ovoid-cylindrical — OvCyl; ovoid — Ov; narrowly-ovoid — NarOv
2. Shape of cone basis ShBasCo rounded — Rou; cuneate — Cun; plane — Pl
3. Shape of seed scale ShSSc rhombic — Rh; widely rhombic — WiRh; obovate — Ob
4 Shape of upper margin of seed scale ShUpM  cuneate-triangular — CunTri; cuneate- narrowed — CunNar; trian-
gular — Tri; widely-triangular — WiTri; triangular-truncated, bent
inwardly — TriTruBelnw; rounded-triangular — RouTri; rounded-tri-
angular, bent inwardly — RouTriBelnw; rounded-triangular — RouTyi;
rounded-triangular, bent inwardly — RouTriBelnw; widely-round-
ed-triangular — WiRouTri; rounded — Rou; widely-rounded — WiRou;
rounded with cusp — RouCusp; widely-rounded with cusp — WiR-
ouCusp
5. Integrity of upper margin of seed scale EntUpM  entire — Ent; dentate — Dent; undulate — Undul
6. Shape of bract scale ShBract narrowly-obovate — NarOb; obovate — Ob; rhombic — Rh; narrow-
ly-rhombic — NarRh; lanceolate — Lanc; widely-lanceolate - WiLanc
Quantitative characters:
7. Cone length Lc
8. Cone width D
9. Ratio of cone length to cone width LcD
10 The number of parastiches NuPa
11. Seed scale deviation from the axis of the cone DevAx
12. Seed scale length H
13. Seed scale width W
14. Ratio of seed scale length to seed scale width HW
15. Height of visible part of seed scale LA
16. Tongue height L
17. Bract scale length k
18. Bract scale width c
19. Ratio of bract scale length to seed scale width kH

shoots and needles (Orlova & Egorov, 2011; Orlo-
va, 2012) we chose most stable characters delimit-
ing P. abies and closely related taxa. For each cone
we analysed 16 morphological characters (including
6 qualitative), both new and traditionally used to
distinguish P. abies, P. obovata and P. fennica. (Table 2,
Fig. 3). In addition, 3 ratios were studied to describe
shape of seed scales and cones and to compare seed

Fig. 3. Reproductive morphological characters of Picea abies
(left) and P. obovata (on right): I A - Height of visible
part of seed scale; L — Tongue height; H — Seed scale
length; W — Seed scale width; k - Bract scale length;
¢ — Bract scale width

to bract scales lengths. Morphological characters and
their coding are provided in Table 2. Details of meas-
urements are given on Fig. 3.

Statistical analyses

All statistical analyses were run using in SPSS v
24 (IBM Corp. Resealed 2016, IBM SPSS Statistics
for Windows Vers. 24, Armonk, NY: IBM Corp.)

We applied summary statistics to describe both
intra- and inter-group variation of quantitative (con-
tinuous) morphological characters (Table 3), as well
as frequency distributions of the various states of
the coded categorical characters. For the continuous
morphological characters, we run univariate analyses
of variance to test if the mean values defined by tax-
onomic groupings are significantly different. F-test
of between subject effects were run using morpho-
logical characters as a dependent variable and tax-
onomic group as a factor variable with 5 categories
(“obovata”, “fennica”, “fennica_ob”, “fennica_ab” and
“abies_ab”). Multiple comparisons between taxonom-
ic groups were run using Tukey HSD-test to identify
which of the means differ (Appendix 2). To test the
null hypothesis that the error variance of the depend-
ent variable is equal across groups, we used Levene’s
test prior to the analyses of variance. All characters
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Table 3. Descriptive statistics (group averages — Mean, Minimum (Min), Maximum (Max) values and Standard error of
mean (SE.) of 13 morphological characters selected for morphometric analyses of P. abies — “abies”, P. obovata — “obo-
vata”, P. fennica — “fennica”, as well as P. fennica close to P. abies (“fen_ab”) and P. fennica close to P. obovata (“fen_ob”).
Abbreviations of character names correspond to those given in Table 2

Taxon Lc D LcD  NuPa DevAx H w HW 1A L k c kH
“abies” N=10
Mean 12.08 4.17 291 1222 413 2224 1432 1.56 7.12 4.26 6.74 210 0.30
Min  10.78 3.76  2.55 9.80 30.00 19.72 12.60 1.43 564 248 5.70 1.52  0.25
Max 13.74 4,50 3.66 13,50 58.00 26.00 16.00 1.78 8.00 6.62 7.83 3.12 035
SE 0.33 0.07 0.12 031 2.75 0.51 0.40  0.03 0.25 042 024 0.14 o0.01
“fen_ab” N=23
Mean 7.85 3.73 2.11 9.54  46.44 19.668 12.92 1.54 5.81 270 596 2.06 0.30
Min 6.20 3.04 1.68 6.80 3220 16.66 10.50 1.35 4.00 1.46 4.46 1.44 0.24
Max  9.76 432 2,53 12.00 65.60 23.00 15.00 1.93 7.62 564 750 276  0.37
Std. E.  0.19 0.06  0.05 0.28 1.79 035 026 0.02 020 018 0.16 0.05 0.01
“fen_ob” N=21
Mean 570 @ 2.85 2.01 6.72 59.45 1570 11.0 1.41 4.19 1.63 504 202 032
Min 3.76 220 1.60 540 27.00 11.94 8.73 1.07 2.88 0.62 4.00 1.30  0.26
Max 7.94 374 230 920 81.40 21.00 1574 1.60 6.06 410 6.00 2.62  0.40
SE 024  0.09 0.04 022 2.82 0.59 038 0.03 0.23 020 0.12  0.05 0.01
“fennica” N=21
Mean 6.67  3.35 1.99 7.6762 52.48 17.37 11.65 149 466 2.04 5.59 2.11 0.32
Min 4.60 2.54 1.63 560 28.20 13.58 9.02 127 322 094 394 1.72 0.23
Max  8.78 4.28 271 11.40 7440 2146 1526 1.79 748 394 740 2.48 0.49
SE 0.28 0.11 0.05 0.36 2.38 0.55 037 0.02 021 0.17  0.19 0.04 0.01
“obovata” N=13
Mean 5.41 2.92 1.86 6.40 76.57 13.74 10.31 1.34 4.00 1.24 4.74 2.15 0.34
Min 4.06 224 1.61 550 57.50 10.06 8.62 1.17  3.00 0.52  4.08 1.88 0.27
Max  7.34  3.78 2.14 8.00 91.00 16.34 1226 1.62 5.13 1.88 546 260 0.42
SE 026  0.11 0.05 0.22 2.32 0.45 032  0.03 0.19 0.12 0.11 0.05 0.01

1,00
kH
L J
75
k
©
o 50
N
« ShBract_rec
- ]
-—
Nl 25
Y
ShBasCo_rec
D.evAx ® ShSSc_rec®lLcD
e
® 95Co rec
00 W -
EntUpM_rec
o ShUpM_rec
)
.25 w
@
-1.00 -50 00 50 1,00

PC_1,29.2%

Fig. 4. Factor loadings of 13 measurements analyzed for 415 individuals of typical and intermediate individuals in the
space of two main factors of their variability: PC_1 (29.2%) and PC2 (11.3%)
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were subjected to multivariate analyses (Principal
Component Analysis) implemented in SPSS. Qual-
itative characters were recoded as numeric in order
to be included in the multivariate analysis. Our ini-
tial analysis included all 415 cones. We run Principal
Component Analysis (PCA) to find out if selected
morphological traits of cones produce ordination of
the individuals corresponding to our identification of
the specimens based on a wider range of morpholog-
ical characters. Subsequently, we averaged our data

matrix by individual tree and repeated the PCA anal-
ysis. Since both runs gave similar results we included
only those based on average values, i.e. for 88 trees
(Fig. 4, 5). Finally, we run Linear Discriminant anal-
yses (LDA) on a selected subset of six non-correlated
characters to produce a classificatory function delim-
iting P. abies, P. obovata, P. fennica (Table 4). Morpho-
logical variants identified as “fennica abies” and “fenni-
ca obovata” were included in the analysis as separate
groups (Fig. 6). Homogeneity of covariances was

Table 4. Pairwise comparisons of LDA classification accuracy for Picea taxa based on 6 morphometric measurements of
cones and their scales: P. abies - “abies”, P. obovata — “obovata”, P. fennica — “fennica”, as well as P. fennica close to P. abies
(“fen_ab”) and P. fennica close to P. obovata (“fen_ob”). Columns represent predicted taxonomic group. Values in bold
indicate the count or percentage (%) of individual cones correctly classified for each taxonomic group

Predicted Group Membership

Total
abies fennica_ab fennica_ob fennica obovata
abies 37 8 0 0 0 45
fennica_ab 1 71 2 22 2 98
Count fennica_ob 0 6 30 34 26 96
fennica 1 36 33 38 7 115
obovata 0 0 15 3 42 60
abies 82.2 17.8 0.0 0.0 0.0 100
fennica_ab 1.0 72.4 2.0 22.4 2.0 100
% fennica_ob 0.0 6.3 31.3 354 27.1 100
fennica 0.9 31.3 28.7 33.0 6.1 100
obovata 0.0 0.0 25.0 5.0 70.0 100
400 Taxon
A "abjes”
o O "fennica”
> > "fennica_ab"
°© “fennica_ob"
P N > o B 0 "obovata"
0 . o)
200} g T Ng 2+ 90 b
f ‘\ P il
/B \  »oC e
° f - ° Y% ®%, 27 a
(=) { O o ‘\‘
™ .'"EU e \‘.OQ,?,NBQ >/ ck& \
= : o ™ > o S ACA \
- = G o \
] % e %4 A> \
& o ogrg g P _ o >o ¥ b A A \
N 1 a S) » 00 g LI P Ay A A
i % @ Q0 'o > p +—1
O 00 ) QO F O i oapa A '
o ' o] P R ‘ s éP A A,-
“\ o a D:p Q, g @ >3 ! ﬁ D A A ,"
\ o ! e \ A N /
\ olog fing \| /
\ o Do ah /O 0 Op gb \ % A AA /
\\ 1 > II
d‘\ o q '/Ab > b o % > bb ‘\ A ’/'
-2,00 ) S b= PO — 7
o > b s in i
(o]
-2,00 -1,00 00 1,00 2,00 3,00 4,00
PC1,29.2%

Fig. 5. Ordination of 415 individual cones of P. abies, P. obovata, P. fennica complex in space of two main factors of their

variability PC_1 and PC 2
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Fig. 6. Classificatory discriminant analysis built on 13 selected characters of cones and their scales to delineate Picea taxa

of the NW Russia

tested with Box’s M test in SPSS. Predictor variables
were entered together and within-group covariance
matrix was used to separate the groups. To estimate
accuracy of the LDA predictive model we used cross
validation. This was done only for the cases included
in the analysis; each case was classified by the func-
tions derived from all cases other than that case.

Results

Morphometric analyses

Relative proportions of encoded states of the six
qualitative (discrete) characters were visualized using
pie-charts to study their intra-populational variation.
Two of them ShSSc (shape of seed scale), ShUpM
(shape of upper margin) have revealed non-overlap-
ping distributions of character states between P. abies
and P. obovata (Fig. 7), while the rest demonstrated
high intra-populational morphological diversity. The
shape of bract scale (ShBract) had shown that obo-
vate shape of the bract scale is typical of P. obovata
and P. fennica complex, but is not found in P. abies.
On the other side, narrowly-rhombic shape of bract
scale distinguishes P. abies from the rest of the taxa.

The remaining characters have overlapping values
between P. abies and P. obovata, but can still be used
as a supplementary.

Analyses of variance produced statistically signif-
icant differences in means of all analyzed continu-
ous morphological characters (F= 4.6-78.3, df=4,
p<<0.0001), apart from the bract scale width (c).
Pairwise comparisons of the mean values (Appendix
2) had shown that there is only one character - seed
scale length (H) having its mean values significantly
different in all five taxonomic groups. Most of the
other characters would differentiate four groups in-
stead of five, e.g., Lc, D, I_A, k — “obovata” +"fennica_
ob” vs. “fennica”, “fennica_ab”, “abies_ab”; or DevAx
— “abies_ab”+ “fennica_ab” vs. “fennica”, ”fennica_ob”,
“obovata”.

Principal Component Analyses (PCA) were ap-
plied to two data matrices: one included all 415 in-
dividual cones and other included averaged values
of measured characters per tree. Both data sets pro-
duced very similar results and here we present only
those which are based on individual measurements.
Application of PCA analyses revealed a large group of
correlated characters. Seven highly correlated char-
acters were considered redundant and were exclud-
ed from the final PCA analysis. Two main axes PC_1
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Fig. 7. Pie-charts visualizing differences in numerical proportions of the character states of the most informative discrete
morphological characters delineating Picea abies, P. obovata and intermediate forms of P. fennica complex. Abbreviations

of character names correspond to those given in Table 2

& PC 2 explained 40.5 % of total variation of the
character matrix, comprising 13 selected characters
of cones and their scales (Fig. 4). Characteristics of
cone length (Lc), elongation of cones (LcD), length
of bract scales (k) and shape of seed scale (ShSSc_
rec) had the highest positive correlations with PC_1
(Fig. 4, Table 2). Ratio of the bract scale length to
seed scale length (kH) had the highest factor load-
ings on the PC_2 (Fig. 4), variation in this charac-
ter described rather within species, but not between

species differences. Comparison of the Picea taxa in
the PC space had shown a large overlap between P
obovata and P. fennica complex, while individuals of P
abies formed more separate and less overlapping clus-
ter on its own. This result has been reproduced and
even reinforced by the Discriminant analysis (Fig. 6).
Six variables were retained to produce Canonical Dis-
criminant functions based on absolute size of corre-
lation within function: Cone length (Lc), Seed scale
deviation from the axis of the cone (DevAx), Seed
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scale width (W), Ratio of seed scale length to seed
scale width (HW), Height of visible part of seed scale
(I_A) and Bract scale length (k). As the result of anal-
ysis, four discriminant functions were built explain-
ing in total 98.3% of total variance. Cross-validation
of classification resulted in correct identification of
82.2% for P. abies and 70.0% for P. obovata. Identifica-
tion of P. fennica groups gave the highest percent for
“fennica abies” — 72.4%, and low success for “pure fen-
nica” — 33.3% and “fennica obovata” — 31.3% (Table 4).

Distribution and phytocenotic
characters of Picea taxa in North-West
Russia

In the northern part of the Northern taiga in the
Murmansk Region indigenous spruce forests are
formed mainly by P. obovata (up to 95 %) (Table 1). The
form of P. fennica, close to P. obovata (5-30%) occurs
almost throughout the Murmansk Region up to the
suburbs of Olenegorsk (68°10°39.4” N, 33°19’12.6”
E, 146 m a. s. 1.), where its proportion is about 10%.
However, in the southern part of the Kandalaksha
district, in the far south-west and the south of the
Murmansk Region (67°03°50.1” N, 31°57°35.9” E, 7
m a. s. l.), which belong according to our division to
the middle part of the Northern taiga, the proportion
of P. obovata is decreasing, meanwhile the share of
the form of P. fennica close to P. obovata is increasing
(Fig. 1, 2, Table 1). Moreover, the intermediate form
of P. fennica also occurs in a small amount (15-20%).
A similar pattern is observed also in the Kem and
Louhi regions of the North Karelia, which belong to
the middle part of the Northern taiga.

Spruce forests in the northern and middle parts of
the Northern taiga region are represented by Frutic-
uloso-hylocomiosum communities. The ground cover
of such communities is formed by mosses, among
which green mosses (Pleurozium schreberi (Brid.)
Mitt., Hylocomium splendens (Hedw.) Bruch et al., Di-
cranum polysetum Sw.) dominate, and common un-
dershrubs (Vaccinium myrtillus L., V. vitis-idaea L., V.
uliginosum L., Empetrum hermaphroditum Hagerup, Le-
dum palustre L.), usually codominating. In some com-
munities Chamaepericlymenum suecicum (L.) Asch. et
Graebn. and sometimes common boreal short herbs
are abundant.

In the middle part of the Northern taiga region bil-
berry-green moss spruce forests (Vaccinioso-hylocomio-
sum) are spread. They differ from dwarfshrub-green
moss communities (Fruticuloso-hylocomiosum) by the
absence of bog dwarf shrubs and precence of boreal
short herbs (Luzula pilosa Baumg., Maianthemum bifo-
lium (L.) E W. Schmidt, Trientalis europaea L., Mela-
mpyrum pratense Tausch ex W. D. J. Koch). In northern
variants of Vaccinioso-hylocomiosum communities the

group of boreal short herbs may be poorly repre-
sented. Bilberry-green moss spruce forests are richer
variant of green moss forests (Hylocomiosum group),
than Fruticuloso-hylocomiosum communities.

The northernmost locality of Picea abies var. abies
was recorded in the southern part of the Northern
taiga in the Belomorskiy district of the North Karelia
(64°24°38,7” N, 34°11°36.9” E, 123 m a. s. 1.), where
the proportion of this taxon is about 5% (Fig. 1, Ta-
ble 1). The proportion of P. obovata and the form of
P. fennica close to P. obovata slightly decreases here
(about 40 and 20% respectively), but the role of the
form of P. fennica close to P. abies and intermediate
form of P. fennica significantly increases (15 and 20%
respectively). In this part of the Northern taiga the
proportion of P. abies var. abies could be up to 40%
(Table 1), but in general P. fennica and its forms pre-
dominate in the area; their proportion in the forests
is 50-90%. In the southern part of the Northern
taiga the maximum proportion of P. fennica (60%)
was recorded in Fruticuloso-hylocomiosum-Sphagnosum
plant communites in Segezha district (63°18’34.0”
N, 34°26’19.1 E, 113 m a.s. 1.) (Belyaev et al., 2010).

In the southern part of the Northern taiga, Picea
abies var. abies was observed in high-productive for
this area bilberry-greenmoss communities (Vaccini-
oso-hylocomiosum), just in which here probably may
exist this taxon as the most demanding to soil fertil-
ity. The sphagnous spruce forests, characterized by a
sufficient proportion of Sphagnum girgensohnii Russow
and green mosses are fairly rare in the area. Common
species of oligotrophic habitats (e.g., Carex globularis
Roth, Rubus chamaemorus L.) are typical in this north-
ern variant of spruce forest.

Maximum proportion of Picea fennica in spruce
forests in the study area was recorded in the middle
taiga region, where it varies from 30 % up to 75%,
the average value is 45%. The relative occurance of
75% was reported for P. fennica in Vaccinioso-hyloco-
miosum plant community in Medvezhegorskiy district
(62°51°19.8”N, 34°19’40.1”E, 127 m a. s. 1.), and
seems to be maximum in this region. In the southern
part of the Middle taiga the proportion of P. fenni-
ca decreases to 30% in Lodejnopolsky district of the
Leningrad Region. The percentage of the form, close
to P. obovata is 10%, and the occurrence of the form
of P. fennica, close to P. abies is 0-50% (Table 1, Fig. 2).

In the middle taiga in Karelia a tendency to grad-
ual increasing of Picea abies in the composition of
spruce forests takes place from 10% in the northern
part of the region (Medvezhegorsky district) up to
45% in the southern part (Olonetskiy district), and
reaches maximum (55%) in Lodeynoye Pole district
in the Leningrad Region (60°48°16.7” N, 33°44°23.4”
E., 33 m a.s.l.). Spruce forests in this region are
represented by billberry-greenmoss and sphagnous
plant communities.
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In the southern Karelia there are stands, formed
by Picea obovata and the form of P. fennica close to P.
obovata, as well as Pinus friesiana Wich. One of these
sites was discovered in 2009 near the city of Petroza-
vodsk (near the stone quarry in the southern part of
the city). But in general the proportion of P. obovata
in the forests of this region is very small (0-5%) (Be-
lyaev et al., 2010).

To the south-west of Petrozavodsk — in Pryazha
district (61°36’51.1” N, 33°37°09.0” E 163 m a.s.l;
61°31°08.6” N, 33°27°43.4” E, 172 m a.s.l.), and also
in the village of Pyazhieva Selga in Prionezhskiy dis-
trict (c. 50 km to SW of Petrozavodsk), the propor-
tion of P. abies var. abies is about 20-30%, but the role
of P. fennica, close to P. abies and P. obovata increases
(50% and 15-20% correspondingly).

In the southern taiga region within the Leningrad
Region the proportion of P. abies var. abies in spruce
forests is 60-90 %. The rate of P. fennica, according
to our data, is small, just 0-10 %. Geobotanical in-
vestigations revealed that these taxa occur here in
different plant communities from Sphagnosa-type to
Hylocomiosa (Vacciniosum and Oxalidosum) forests on
well-drained soils. Oxalidoso-Hylocomiosum spruce
forests are high-productive in these conditions and
are characterized by the presence of some hemibore-
al species (e.g., Stellaria nemorum L., Anemone nemorosa
L., Galeobdolon luteum Huds.) in the herb-undershrub
layer. In these communities P. abies var. abies predom-
inates, meanwhile the forms of P. fennica can occur
as an admixture, without any preferences in growing
conditions.

Distribution of Picea taxa on the islands
of the Gulf of Finland

Earlier Finnish spruce has been known only from
the Berezovye Islands Archipelago (Severny Berezovy
and Maly Berezovy) (Glazkova & Tzvelev, 2007).
Monitoring studies on the islands of Vyborg Bay
and the Gulf of Finland in 2011-2017 showed, that
Finnish spruce occurs on most of the islands as an
admixture in coniferous forests (mostly spruce and
small-leaved-spruce stands). Noteworthy is the fact
that on the islands of the Gulf of Finland all three
forms of P. fennica have been recorded (Appendix
1, Fig. 2). Thus, on the islands Gogland, Moschny,
Bolshoy Tyuters, Severny Berezovy, Maly Berezovy,
Dolgy Greben’, Zaovrazhensky and some others both
P. fennica close to P. abies and P. fennica close to P. obo-
vata occur. The form of P. fennica close to P. obovata
seemingly predominates on the islands. It also was
recorded on Kurgalsky Peninsula and the neighbour-
ing islands, as well as on the islands near the north-
ern coast of the Gulf of Finland close to the Rus-
sian-Finnish border (Dolgy Greben’, Krasny, Kozliny

etc.) and on Zaovrazhensky Island in the Vyborg Bay.
However, on the Berezovye Islands Archipelago P
fennica close to P. abies occurs more often. Intermedi-
ate form of P. fennica has been recorded only on the
outer islands of the Gulf of Finland (Bolshoy Tyut-
ers, Gogland, Moschny, Seskar). Noteworthy is also
the fact that on some islands of the eastern Gulf of
Finland occur also intermediate forms of some other
taxa (e. g., species of Solidago, Phleum, Potentilla, Juni-
perus, Pinus), probably formed also as a result of in-
trogressive hybridization of parental species (Orlova
& Glazkova, 2018).

Among the most recent discoveries is occurrence
of Siberian spruce on the islands Gogland (Suursaari)
and Severny Berezovy (Piisaari). P. obovata was found
in different parts of the island Gogland (Coll. Glazk-
ova, Appendix 1, Fig. 1). We have also recorded some
isolated occurances Picea obovata and P. fennica close
to P. obovata in the southern Karelia, in the vicinity of
Petrozavodsk (Coll. Orlova, 2009).

Analysis of the forest floor and undergrowth data,
reveals that the form of P. fennica close to P. obovata
usually occurs in herb-rich deciduous-spruce forest
with nemoral species in herbaceous layer, some-
times in more poor birch-spruce and birch-pine for-
ests, whereas the form of P. fennica close to P. abies,
on the contrary, often grows in fairly poor-of-spe-
cies blueberry and bilberry-green moss spruce and
small-leaved-coniferous forests.

Discussion

Our results based on the six qualitative (discrete)
characters have revealed that the two characters:
ShSSc (shape of seed scale) and ShUpM (shape of
upper margin) have non-overlapping distributions
and can separate P. abies and P. obovata, while the rest
of the studied characters have demonstrated high in-
tra-populational morphological diversity. Diagnostic
value of these characters in delimiatation of these
species have been already demonstrated in earlier
studies (Danilov, 1943; Lindquist, 1948; Bakshaeva,
1963, 1966, 1971; Parfenov, 1971; Pravdin, 1975; Bo-
brov, 1971, 1974, 1978; Farjon, 1990).

In addition, our study had demonstrated diagnos-
tic value of the bract scales of mature cones (length,
width and shape). Bract scale length (k) values were
correlated with the complex of diagnostic characters
of seed scales and can be used in indentification keys.
Obovate shape of the bract scale (ShBract) is typical
of P. obovata and P. fennica complex, but is not found
in P. abies. While narrowly-rhombic shape of bract
scale distinguishes P. abies from the rest of the taxa.
Bract scale width is correlated with ShBract. Being a
quantitative character it can be provided along with
ShBract in the indentification keys. However, these
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characters are rarely (Farjon, 1990) used in the tax-
onomy of the Picea species.

Comparison of the Picea taxa in the PC space had
shown a large overlap between P. obovata and P. fenni-
ca complex, while individuals of P. abies formed more
separate and less overlapping cluster on its own. Mul-
tivariate ordination with PCA and cross-validation
of Discriminant function model are consistent with
the findings of Potokina et al. (2013) who applied
microsatellite markers to study genetic diversity in
populations of spruce in the North-West of Europe-
an Russia. Molecular genetic studies have strongly
indicated existing gene flow between populations of
P. fennica and P. obovata, as well as also between P,
obovata and P. abies (Potokina et al., 2013; Volkova et
al., 2014). Processes of introgressive hybridization,
having continued so far in the area of contact of pa-
rental species, evidently lead to smoothing of charac-
teristics of the Finnish spruce, that finally prevents
the final formation of P. fennica as a separate stable
species and can be interpreted as a complex result of
both historical and ongoing hybridization.

As a result of our geobotanical studies, the dis-
tribution of Picea taxa in the North-West of the Eu-
ropean part of Russia has been specified. Our study
in 2011 in the north-eastern part of the Leningrad
Region revealed, that P obovata occurs in small
amount only in the spruce forests, located near the
town Podporozhye and village of Voznesenye, which
agree with the literature (Tzvelev, 2000). However,
the information about the occurrence of P. obovata in
the east and the north-east of the Leningrad Region
needs to be confirmed, because only two mature cone
of P. obovata was collected form these place.

The key for the determination of Picea
abies and closely related taxa in North-
West of Russia

1. Needles gradually pointed, located on shoots pect-
inately. Annual shoots are slightly pubescent,
often winding; pulvini of annual shoots often
clustered by 3-4. Profills of apical buds glabrous,
exceed the length of buds greater than 1,5 times.
Cones 9,5-15,3 cm long, narrowly obovate or
obovate-cylindrical, more or less direct, with cu-
neate-shaped base. Seed scales rhombic or widely
rhombic, by the the upper margin triangular or
widely triangular or oval, unequal dentate. Bract
scales 4,5-8,7 mm long, 1,2-3,9 mm wide, rhom-
bic, wrong rhombic or lanceolate, acute or obtuse
1. P. abies var. abies
+ Needles shortly pointed or varied in shape of
apex (short pointed or gradually pointed). Annual
shoots are more or less densely pubescent. Pro-
fills of apical buds shorter. Cones shorter 2.

2. Upper margin of seed scales widely rounded, en-
tire. Needles shortly pointed, annual shoots more
or less direct, often short and densely pubescent-
ed by simple and glandular hairs. Profills of apical
buds markedly pubescent, approximately equal to
bud or 2/3 of its length 2. P. obovata
+ Upper margin of seed scales unequally dentate,
wavy or rounded, suddenly narrowed. Shape of
needle apex: short and gradually pointed. Annual
shoots are more or less densely pubescent. Pro-
fills of apical buds glabrous or pubescent approxi-
mately equal to bud or 2/3 of its length 3.

3. Upper margin of seed scales triangle, sharpened.

Annual shoots are covered with simple hairs. Pro-
fills of apical buds and pulvini naked. Profills ap-
proximately equal to the bud, pulvini of annual
shoots rectangular and often clustered by 3-4 3. P
fennica close to P. abies (=P. fennica X P. abies)
+ Seed scales with rounded, irregularly toothed,
wavy or noticeably elongated upper margin. An-
nual shoots are covered with simple and glandular
hair. Profills of apical buds and pulvini pubescent.
Profills approximately equal 2/3 of buds length,
pulvini square or glass-shaped and arranged even-
ly 4.

4. Seed scales with rounded, irregularly toothed up-

per margin. Annual shoots, pulvini and profills
densely pubescent. Needles mainly short point-
ed 4. P. fennica close to P. obovata (=P. fennica X P.
obovata)
+ Seed scales with noticeably elongated upper
margin. Annual shoots, pulvini and profills slight-
ly pubescent. Needles short pointed and gradually
point .5. P. fennica (Regel) Kom. var. fennica

P. abies var. abies

Needles 10-16 mm long, 1-1,5 mm wide, quad-
rangular, gradually pointed, with 2—4 stomatal lines
on each face; needles positioned on shoots pectinate-
ly. Annual shoots are slightly pubescent, with both
long and short simple hairs; biennial shoots are gla-
brous or pubescent similarly. Pulvini of annual shoots
are 0,5-1 mm long, rectangular or more expanded
upward, often clustered by 3—-4. Apical buds glabrous
or slightly pubescent; profills are glabrous, exceed
the length of buds greater than 1.5 times. Cones 9,5-
15,3(Lc=12,2%+1.5) cm long, 3,4-4,9(D=4,2+0,4)
cm wide, and its length to width ratio 2,4-3,8
(LcD=3,0+0,4), narrowly obovate or obovate-cy-
lindrical, more or less direct, with cuneate-shaped
base. Seed scales 15,0-28,0(H=22,1+2.8) mm long,
9,0-20,0(W=14,2+2.0) mm wide, deviated from
the axis by 30-60°, rhombic or widely rhombic, by
the upper margin triangular, widely triangular or
oval, unequal dentate. Height of visible part of the
seed scale 4,0-10,0( A=7,1+1.3) mm. Tongue
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height 2,0-7,5(L=4,4+1.6) mm. Bract scales 4,5-
8,7(k=6,7+1,1) mm long, 1,2-3,9(c=2,1+0,6) mm
wide, rhombic, wrong rhombic or lanceolate, with
acute or obtuse apex. Bract scale length to seed scale
length ratio 0,20-0,45 (kH=0,30=+0,05).

Picea obovata

Needles 8-15(20) mm long, 1-1,8 mm wide, quad-
rangular, suddenly sharpened, more or less straight,
with 2-5 stomatal lines on each face. Annual shoots
2-2,5 mm width, more or less direct, often short and
densely pubescent by hairs of 3-5 types. Pulvini of
annual shoots 0,3-0,7(-1,2) mm long, glass-likely-
square to rectangular, pubescent, disposed evenly.
Apical buds 4-5 mm long, 3-4 mm wide, ovoid-con-
ical, densely pubescent; profills of apical buds mark-
edly pubescent, approximately equal to the bud
or 2/3 of its length. Cones 3,7-8,5(Lc=5,5+1,2)
cm long, 1,7-4,0(D=3,0+0,6) cm wide, and also
its ratio 1,4-2,8 (LcD=1,9+0,3), cylindrical or
ovoid-cylindrical, with rounded or plate base.
Seed scales 9,3-19,0(H=13,8+2,3) long and 7,4-
14,0(W=10,4+1,8) wide, obovate, by upper margin
widely rounded, entire. Height of visible part of seed
scale 2,0-7,000_ A=4,1x1.0). Tongue height 0,3-
2,5(L=1,3+0.6). Bract scales 3,2-6,3(k=4,6+0,8)
mm long, 1,5-3,2(c=2,2+0,3) mm wide, obovoid,
rounded, sometimes triangle or widely rhombic with
obtuse apex. Ratio of bract scale length to seed scale
length 0,23-0,50 (kH=0,35=0,06).

Picea fennica, close to P. abies (=P. fennica
X P. abies)

Differs from P. abies by strong variability in the
structure of the apex of needles (often it can be both
gradually or suddenly sharpened), annual shoots are
smaller (7,5-11 cm long), more densely pubescent
by short simple hairs, cones often curved, with trian-
gle, sharpened by upper margin seed scales. Needles
10-16 mm long, 1-1,5 mm wide, quadrangular, apex
gradually or suddenly sharpened. Annual shoots are
covered with simple hairs. Profills of apical buds and
pulvini glabrous. Profills approximately equal to the
bud, pulvini of annual shoots rectangular and often
clustered by 3-4. Cones 5,7-10,5(Lc=7,9+1.2) cm
long, 2,5-5,3(D=3,7+0.5) cm wide, and also length
to width ratio 1,6-2,7 (LcD=2,1=+0,3), obovate-cy-
lindrical or obovate, often curved, with cuneate, rare-
ly rounded base. Seed scales 12,5-27,0(H=19,8+3,2)
mm long, 8,5-19,0(W=13,1+2,1) mm wide,
rhomboid-obovate, by upper margin by the up-
per margin triangular, acute. Height of visible part
of seed scale 3,2-10,0( A=5,9+1,6) mm long.
Tongue height 0,7-6,8(L=2,7+1,1) mm long.

Bract scales 3,2-9,0(k=6,1+1,1) mm long and
1,0-3,5(c=2,1+0,5) mm wide, rhombic, lanceolate
or widely lanceolate, rarely obovate, with obtuse,
sometimes rounded, apex, very variable. Ratio of
bract scale length to seed scale length 0,19-0,53
(kH=0,31+0,06).

P. fennica, close to P. obovata (=P. fennica
X P. obovata)

Differs from P. obovata by strong variability in
the structure of the apex of needles (often it can be
both gradually or shortly sharpened), and from P.
fennica, close to P. abies, by the location of needles
(located on shoots in more than two rows, often
corimbosely), markedly densely pubescent annual
and biennial shoots (3—4 hair types: long, surround-
ing, short simple and glandular hairs. Needles 12—
15 mm long, 1-1,8 mm wide, quadrangular, mainly
short pointed. Annual shoots, pulvini and profills
densely pubescent. Cones 3,0-10,3(Lc=5,7+1,4)
cm long, 1,3-5,1(2,8+0,6) cm width, and also its
ratio 1,4-2,8 (LcD=1,9+0,3), narrowly-ovoid or
ovoid-cylindrical, often curved, with rounded, rare-
ly cuneate base. Seed scales 9,0-22,6(H=15,8+2,5)
mm long, 7,0-18,0(11,00+1,8) mm wide, ovoid
or widely-rhombic. Height of visible part of seed
scale 2,3-14,01 A=4,1+1,5) mm long. Tongue
height 0,2-5,0(L=1,7+1,2) mm long. Bract scales
3,0-7,0(k=5,0+0,9) mm long, 1,0-3,0(c=2,1+0,4)
mm wide, obovate, rarely lanceolate or widely-lan-
ceolate, sometimes rhombic, very variable. Ratio
of bract scale length to seed scale length 0,20-0,49
(kH=0,33+0,06).

P. fennica (Regel) Kom. var. fennica

Differs from other close taxa by noticeably elon-
gated and rounded upper margin of seed scales, and
also by middle pubescented apical buds, pulvini and
profills.

Needles 12-15 mm long, 1-1,8 mm wide,
quadrangular, short pointed and gradually point-
ed. Annual shoots, pulvini and profills middle pu-
bescent by simple and glandular hairs. Cones 3,5-
10,5(Lc=6,8+1,5) cm long, 1,8-5,5(3,4+0,7) cm
wide, and also its ratio 1,3-2,9 (LcD=2,0+0,3), obo-
vate-cylindrical, narrowly obovate or obovate, with
varying shape of cone base - from rounded to wedge.
Seed scales 11,0-23,0(H=17,5+2,9) mm long and
1,4-16,7(11,7%+2,2) mm wide, rhomboid-obo-
vate, obovate or widely obovate; at the upper mar-
gin noticeably elongated, deviating at 30-45° from
the cone axis. Height of visible part of seed scale
2,5-9,4(1 A=4,7+1,4) mm long. Tongue height
0,5-8,0(L=2,1+1,2) mm long. Bract scales 2,7-9,0
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(k=5,6+1,1) mm long, 1,0-3,7(c=2,1%=0,5) mm
wide, triangular, rhombic or widely lanceolate, ob-
tuse. Ratio of bract scale length to seed scale length
0,23-0,50 (kH=0,35+0,06).

Conclusion

Based on our results, the most valuable character-
istics for delimitation of Picea abies and closely related
taxa (P. obovata Ledeb. and P. fennica (Regel) Kom.)
are morphological characteristics of mature cones
and their scales. Some of these characteristics (mor-
phology and size of bract scales and ratio of the size
of seed scales and bract scales etc.), proposed here
and show to be conservative and valuable for the sys-
tematics and diagnostics of these taxa. It was shown
that obovate shape of the bract scale (ShBract) is
typical of P. obovata and P. fennica complex, and it is
not found in P. abies. While narrowly-rhombic shape
of bract scale distinguishes P. abies from the rest of
the taxa. Seed scales of Picea fennica by upper margin
triangle to noticeably elongated, unequally dentate,
wavy or rounded, suddenly narrowed. Cones (3-)6-
11 cm long, from cylindrical to oblong-ovate, often
curved. Also this taxon differs from parental species
by noticeably pubescent young shoots and strong
variability in the structure of the apex of needles
(often it can be both gradually or shortly sharpened
even within one shoot).

We provided identification key for these species
which includes among others 14 new characteristics
of vegetative organs, e.g. young shoots, its pulvini,
apical buds and their scales and profills (basal thick-
ened scales at the base of buds).

The distribution of spruce taxa in the North-West
Russia is determined by the latitudinal gradient. Phy-
tocenotic analysis showed that different spruce taxa
occupy certain habitats, which in their turn connect-
ed with the latitudinal gradient. P. obovata usually
forms dwarfshrub-green moss spruce forests in the
Northern taiga, P. fennica forms bilberry-green moss
and sphagnous spruce forests in the southern part of
the Northern taiga and in the middle taiga, and P. abies
predominates in sphagnous, oxalis-green moss and
bilberry-green moss spruce forests in in the middle
and southern taiga regions. Phytocenotic range of P.
abies and P. fennica overlap in the middle taiga region.
As aresult of long-term monitoring investigations on
the numerous islands in the Gulf of Finland and the
Vyborg Gulf, new interesting and important informa-
tion on the distribution of taxa close P. abies in this
area was collected. Analysis of the distribution of P.
fennica on the islands of the Gulf of Finland showed
that besides the widespread P. abies, Finnish spruce
is rather common on the islands, and represented
by both as typical “fennica” as well as the putative

backcrosses to “obovata” and “abies”. Processes of in-
trogressive hybridization, having continued so far in
the area of contact of parental species, evidently lead
to smoothing of characteristics of the Finnish spruce,
that finally prevents the final formation of P. fennica as
a separate stable species. Noteworthy is also the fact
that on some islands of the eastern Gulf of Finland
occur also intermediate forms of some other taxa (e.
g., species of Solidago, Phleum, Potentilla, Juniperus, Pi-
nus), probably formed also as a result of introgressive
hybridization of parental species.
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