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Abstract. The studies are carried out in pine stands situated on the forest boundaries, which
are in between the open space locations and forest growth areas. The investigations were made
on the territory of the Kholmogorskiy and Primorskiy districts in the Arkhangelsk region. The
purpose of the research is to identify the characteristics of meteorological factors at different
distances from the edge of phytocenosis as well as their influence on the undergrowth and
ground vegetation in the ecotone zone. For this purpose, the vegetation, which grew on the
transects at different distances from the edge of the phytocenosis, is described in layers. The
transects were positioned perpendicular to the forest boundary. The following parameters
were described and measured, such as undergrowth, ground vegetation, luminance, air
temperature, wind speed, air humidity. The taxation of the stand was accomplished by using
relascopic circular platforms. It is found that luminance, air temperature, and wind speed
naturally decrease with distance from the edge of the phytocenosis deeper into the forest.
The decrease in luminance can be revealed to 8 m, temperature to 815 m, wind speed to
30 m. However, air humidity increases up to 8 m. A correlation between meteorological factors
and the distance from the edge of the phytocenosis is determined. The distribution of the
undergrowth according to the edges of phytocenosis has a consistent pattern. The undergrowth
of heliophytes of pine, birch, and aspen is most abundant at the edge of phytocenoses, and their
numbers decrease with distance from the edge. The undergrowth of sciophytes either increases
or its quantity does not change. Such distributions are confirmed by correlation analysis. The
resulting figures are rated as significant or high. They are reliable at the significance level

This is an open access article distributed under the CC BY 4.0 license


https://www.webofscience.com/wos/author/record/2215704
https://orcid.org/0000-0001-8226-893X
https://www.webofscience.com/wos/author/record/2215705
https://orcid.org/0000-0002-7961-8318
https://www.webofscience.com/wos/author/record/1725427
https://orcid.org/0000-0001-7463-2519
https://www.webofscience.com/wos/author/record/792946
https://orcid.org/0000-0002-8464-4596
https://www.webofscience.com/wos/author/record/758633
https://orcid.org/0000-0002-2583-3012
https://www.webofscience.com/wos/author/record/1046789
https://orcid.org/0000-0002-3878-4192
mailto:alex-sobol@mail.ru
mailto:n.babich@narfu.ru

Lesnoy Zhurnal = Russian Forestry Journal. 2023. No. 2 27

of 0.05. The number of plants in the grass-shrub tier decreases with the distance deep into
the forest. Any define conclusion can’t be made regarding the moss-lichen tier. In general,
it can be concluded that the size of the ecotone zone in terms of meteorological factors and
indicators of vegetation is 12—14 m.

Keywords: pine forests, northern taiga, edge of phytocenosis, edge effect, ecotone zone,
meteorological factors, undergrowth of coniferous species, undergrowth of deciduous species,
ground vegetation
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Annomayus. ViccnenoBanue BHIIOTHEHO B COCHOBBIX JIPEBOCTOSIX, PACTIONIOKEHHBIX Ha Ipa-
HULAX «JIEC — OTKPBITOE IIPOCTPAHCTBO» Ha Teppuropuu Xosmoropckoro u IIpumopckoro
paiioHoB ApxaHrenbckoil oonactu. 1{esib — BbIsIBIICHHE 0COOCHHOCTEH METEOPOIOrHYEeCKUX
(aKkTOpoB Ha pa3HBIX PACCTOSHUSAX OT Kpas (UTOLEHO3a, a TAK)KE MX BIMSHHS HA TOIPOCT
1 HAINlOYBEHHBIA MOKPOB B IKOTOHHOM 30He. Ha TpaHcekTax, 3aJI0)KeHHbIX MEePIIeHAUKYIISIP-
HO I'paHHMIe Jieca, Ha pa3HOM PAcCTOSIHUU OT Kpasi (pUTOLeHo3a (I10JI0CaMu) IPOU3BOANIIOCH
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OITMCAaHUE TMOAPOCTA, PACTCHUI JKMBOTO HANOYBEHHOI'O IMOKPOBA, BBIMOJHSAIACH TaKCaIMs
JPEBOCTOSI C MCIIOJIb30BAaHHEM DEJIACKONNYECKNX KPYTOBBIX IUIOLIAJIOK, U3MEPSJINCh OCBe-
LIEHHOCTbh, TEMIIEPAaTypa U BIAKHOCTH BO3/yXa, CKOPOCTh BETpa. YCTaHOBJIEHO, YTO OCBeE-
LIEHHOCTbh, TEMIIEpaTypa BO3yXa M CKOPOCTb BETpa 3aKOHOMEPHO YMEHBIIAIOTCS MO Mepe
yAajeHust OT Kpas ¢uToleHo3a B nyOb sieca. CHMIKEHHE OCBELICHHOCTH ITPOSIBISIETCS J10
8 M, Temneparypsl — 10 8—15 M, ckopoctu Betpa — g0 30 M. BiaxHocTh BO3ayxa, Ha000-
POT, Bo3pacraeT Ha paccTostHuM 70 8 M. OOHapykeHa TecHasi KOppEIsIIIMOHHAsl CBSI3b Me-
Teo(aKTOPOB C YIAICHHOCTBIO OT Kpas (uroneHo3a. Pasmenienne moapocra mo ruromiam
HMeeT 3aKOHOMEpHBIH XxapakTep. [1onpocT cBeTONMOOMBBIX BUJIOB — COCHBI, O€pe3bl, OCHHBI —
Haunbosee Npe/ICTaBIeH Ha KpasiX (pUTOIECHO30B, 110 Mepe YIAJICHNsI OT HUX €ro KOJHYECTBO
yMeHbaercst. [101pocT TeHEeBBIHOCIMBOW €I Ha PacCTOSIHUM OT OMYIIKH, HAIIPOTHB, WIIH
HaYMHAET BCTPEYATHCs Yallle, WIIM €r0 YHCII0 He MeHsieTcs. Takoe pa3MeleHune 1o rIomiam
TIOATBEPIKIACTCS] KOPPEISIIIMOHHBIM aHali30M. [lomydeHHble ToKa3aTesid CBSI3U 3HAYUTEIb-
HBIC WJIN BBICOKHE, JOCTOBEpHbIC pH ypoBHEe 3HaunmocTH 0,05. [IpeacTaBneHHOCTh BUIOB
pacTeHni TpaBsSHO-KYCTapHUYKOBOTO sIpyca TaK)Ke YMEHBILIAETCS 110 Mepe yAajeHus B TIIyOb
JIECHBIX MacCHUBOB. B OTHOIIEHNH MOXOBO-JIMIIAHHUKOBOIO sIpyca OJIHO3HAYHOTO 3aKIIIove-
HUSI C/IeTIaTh HeJb3s. B 11e110M MOKHO KOHCTaTHPOBATh, YTO Pa3Mep SKOTOHHOM 30HHI 110 Me-
Teo(akropam U MHIUKATOPAM PACTUTECILHOCTH COCTABISACT 12—14 M.

Kniouegvie cnosa: cocHsiku, ceBepHasi Taiira, kpail puroneHosa, kpaeBoit apdexT, IKOTOHHAsS
30Ha, METEOPOJIOTHYECKHE (PAKTOPBI, MOAPOCT XBOWHBIX ITOPOJI, MOAPOCT JIMCTBEHHBIX IOPO/I,
’KUBOI HaIIOUYBEHHBIN MOKPOB

bnazooapnocmu: ViccnenoBanus BBITIOJHEHBI B paMKaX TOCylapCTBEeHHOro 3aganust dexe-
PaJIbHOTO HCCIIE/IOBATEIBCKOTO IIEHTPa KOMIUIEKCHOTO HM3Y4YEeHUs] APKTHKHM MM. aKaJeMHuKa
H.IT. JlaBépoBa PAH (mpoext Ne 0409-2019-0039; Ne I'P AAAA-A18-118011690221-0).

Jlns yumupoesanus: Feklistov P.A., Sobolev A.N., BabichN.A., SungurovaN.R., Melekhov V.1,
Bolotov I.N. Edge Effect in Pine Stands in the Northern Taiga // 13B. By30B. JlecH. xypH.
2023. Ne 2. C. 26-37. https://doi.org/10.37482/0536-1036-2023-2-26-37

Introduction

A fragmentation of forest area into separate structures is the division of a
single forest massif into separate fragments by roads, sifting, meadows, fields, gas
pipelines, etc. This process cannot be stopped. It may only increase. As a result,
separate fragments are formed that are in contact with free space. An edge effect is
observed at the boundaries [16]. The edge locations are characterized by fluctuations
in luminance levels, temperature, humidity, and wind speed [8, 21]. The phenomenon
of fragmentation is observed in the literature [ 18], where the disappearance of unified
forest areas in England is described, as well as an invasion of invertebrate species
about 250 m inside the tropical forests deep. In general, this process is considered
as negative. There is no information in the literature on the natural regeneration
of forest-forming tree species in the boarding ecotone zone, which are edifiers
and form the ecosystem. However, it is obvious that this process depends mostly
on the geographical position of the area. Inside one region, it is influenced by the
characteristics of the forest, such as composition of types, age of stands, density, or
completeness of trees, growing environment and other factors.

The occurrence and presence of ecotones and ecotone zones are often
considered rather comprehensively without the designation of boundary conditions
for research, changes in environmental factors, characteristics and productivity of
plant assemblages [1, 4, 10-13, 20].
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In total, the process of fragmentation is extensive, but at the same time, it is
insufficiently investigated. Although, it must be mentioned that the phenomenon was
examined in the implementation of hydroforesty. The drainage canals were placed on
the prepared glades with a fairly large width. The canals were about 1 m wide at the top.
These factors created an edge effect both in growing forest stock and in emerging stands
on drained swamps. However, the boundary impact was more often analyzed according
to the influence of the drainage channel on the hydrological regime, root anoxia,
physiological processes, wood growth, natural regeneration, etc. The main studies of
such type are given in the following references: [3, 5, 17, 26]. Although, the articles that
describe the drained locations are few and they are about Altai [14], the Southern Urals
[25], and the Arkhangelsk region [6, 23]. Therefore, the goal of the study is to investigate
the edge effect in the pine forests of the northern taiga in the Arkhangelsk region.

Research objects and methods

The research was conducted in the pine forests of the Kholmogorskiy district
forestry near the village of Matigora. In the Primorskiy region, the investigation
was performed in different locations of the Isakogorskiy district forestry. In the
experimental areas, the transects were perpendicular to the border of the phytocenosis
and with a length sufficient for studying the edge effect (150 m) and considering the
known facts on the range of the edge effect [18].

On the transects, description of vegetation was made by layers (at different
distances from the edge of the phytocenosis), which are undergrowth and vegetation
cover. The tree stand was taxed using relascopic circular platforms [2, 19]. The Field
Forest Inventory Guide [7, 23] was used in the material processing. The diameters
of the trees were measured at chest height with a tree caliper (accuracy =1 cm). The
heights were measured with a VUL-1 altimeter, which gives an accuracy of 0.5 m. To
determine the average age of the stand, core samples were taken with a Pressler borer.

All pine forests are either pure or with a prevalence of pine in the composition
(table 1). The type of the forest is blueberry pine. The emerging stands are of
4-6 age classes.

To measure air temperature, air humidity, wind speed an MES-200 device was
used. Besides, for a more detailed study a portable weather station WS-3600 was
applied. The luminance was measured with a Yu 116 luxmeter.

Results and discussion

To study the edge effect, we analyzed the change at different distances from the
edge of the phytocenosis of the most important environmental factors for plants, and
then the reaction of the plants themselves. Luminance is one of the most important
factors for the existence of the plants. The luminance in ecotone zones does not remain
constant. In an open area, it has a maximum value and does not change before the edge
of the forest. At this point, it depends on a certain time of the day, cloudiness, the nature
ofthe clouds, and some other factors. As it penetrates the forest stand, it sharply decreas-
es (Fig. 1). In fact, 50 m from the edge of the forest phytocenosis, it does not change.
Such characteristic is typical for measurements at different times during the vegeta-
tion season. Similar results were obtained for all transects in the Kholmogory region.
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Table 1

Forestry-taxation characteristics of forest stands on transects in blueberry pine forests

. . Average
Direction Stand Tree £
Number .. .
of transects composition | species

Relative | Growth | Age

diameter, | height, | normality| class | class
cm m

Primorskiy district (adjacent to branch trails and roads)

P 18.7 18.3 0.74 IV | VI

S 9.1 8.5 0.12 - -
1 8P1AsIB+S

B 12.4 16.0 0.13 - -

As 23.3 19.8 0.10 - -

P 18.1 17.8 0.80 IV | VI

. S 8.9 11.0 0.06 - -
East-west | 5 lepj AqIBtS

(%94) B 12.8 20.5 0.06 - -

As 26.3 233 0.08 - -

P 17.1 17.4 0.80 IV | VI
S 8.5 9.0 0.09 - -
3 |8PIAsIB+S
B 10.1 18.3 0.08 — -
As 22.1 20.7 0.09 - -
P 17.4 18.4 0.84 IV | VI
4 9P1B+S, S 7.6 8.8 0.05 - -
sin.As B 11.2 12.7 0.10 - -
As 9.0 14.5 0.00 — -
P 16.5 18.0 0.78 IV | VI
North- 5 9P+B,As, S 8.7 6.5 0.05 — -
south (95) sin.S B 13.1 16.8 0.07 — -
As 17.7 19.3 0.03 - -
P 16.3 17.2 0.76 IV | VI
S 8.6 7.7 0.05 - -
6 9P+As,B,S
9.9 17.2 0.07 — -

As 19.0 16.2 0.05 - -

P 19.2 17.8 0.71 v VI

7 6P3B1As S 13.4 17.8 0.43 - -

B 14.0 18.5 0.16 - -

P 18.9 17.8 0.68 v VI

North g 6P3BI1As, S 7.0 8.8 0.01 - -
sou‘:)h 1) sin.S B 14.7 17.9 0.55 - -
As 13.7 18.3 0.07 - -

P 19.5 18.3 0.73 v VI

9 7P3B+S, S 23.0 20.5 0.03 - -

sin.As B 143 17.5 0.24 - -

As 11.0 16.0 0.02 - -
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The end of Table 1

Direction Number Stanfi. Trefe diame:?evrerai; o Relatiye Growth | Age
of transects composition | species om > rﬁ > |normality | class |class
10 oP1B P 19.6 19.4 0.74 v VI

B 16.4 16.6 0.14 - -

P 18.8 19.0 0.68 v VI

0 QPIB, S 20.6 19.4 0.01 - -

North- Sin.As,S B 14.3 20.0 0.08 — —
south (91) As 10.0 15.0 0.01 - -
P 19.2 19.0 0.67 v VI

12 8P1B+As, S 7.0 9.0 0.02 - -

sin.S B 12.9 215 0.12 - -

As 15.7 19.0 0.03 - -
Primorskiy district (adjacent to the field)

P 19.0 17.4 IV Vv
_ S 18.5 17.4 v Vv
Northwest-1 3| 1prg3p4As 0.50
southeast B 19.4 19.2 - 7
As 21.3 22.3 - A\
P 18.5 17.0 v Vv
Northwest- 1 1P3S3B3A S 18.0 17.0 0.50 v Vv
southeast B 19.4 19.0 — 7
As 22.3 22.5 - A\
Kholmogory district (adjacent to the field)
North- 1 |8P2AstSB| P 198 | 147 | 073 | v |1V
south
Northeast- 5 SPIB1As+S| P 17.5 13.9 0.69 v v
southwest
Northeast-| 5 |7p1g1asis| P | 197 | 148 | 072 | Iv |1V
southwest
North-—1y \gposoptas| P | 184 | 147 | 060 | 1V |1V
south

Note: P — pine; As — aspen; B — birch; S — spruce; sin. — singly in the array.

The revealed pattern was also confirmed about 80 km from this location in the
field-forest border in the Primorskiy region. It should be noted that the stands adjoin-
ing fields are usually mixed, with the presence of a significant number of deciduous
species (table 1). The obtained results showed that the initially selected measurement
interval (measurements were taken every 50 m, and they were chosen based on the lit-
erature data) is not entirely correct. Further, we took the measurements more frequent-
ly, every 10 m, and then even every 2 m. This made it possible to clarify the size of the
ecotone zone. A more detailed study (Fig. 2) at another location (Primorskiy district)
revealed that starting from 8 m from the edge of the stand, the luminance remains ap-
proximately at the same level. Thus, this factor forms an ecotone zone about 8§ m wide
from the forest edge. The degree of connection between the luminance and the distance
from the edge of the phytocenosis ranges from significant to high (r = —-0.57-0.80;
n=10.61-0.85).
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Fig. 2. Luminance in blueberry pine

forests at different distances from the

edge of the phytocenosis (Primorskiy
district, 95)
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<
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Distance from the edge, m

It is interesting to trace the change in the wind speed when it enters the forest
stands. In order to exclude the influence of the dates of the measurements on the
obtained results, the wind speed was estimated as a percentage of its speed in an open
space. It turned out that on different days of the vegetation season, the damping of the
wind when entering the stand is almost the same. It is maximum at the edge and then
sharply decreases at a distance of 30 m (Fig. 3).

120 -
100 ~ ~o—17 june
X
2 80 1 27 june
54 60 - ~o—05 july . ) )

2 0 ——12 july Fig. 3. Change in wind speed from
z the edge to the forest (Kholmog-
20 A orskiy district, 4 transects)

0 T T T . * o
0 10 20 30 40 50

Distance, m

The wind speed and the luminance on different transects have the same char-
acter. However, the air temperature and the humidity have some variety. Most often,
the temperature naturally decreases with distance from the edge of the stand. The
air temperature decreases gradually with distance from the edge of the phytoceno-
sis to 8—15 m into the forest deep. The difference between the temperatures is 2—10 %.
This measurement pattern can be traced both at the height of 1.3 and at 0.15 m.
However, at the height of 0.15 m in daytime hours, the air temperature is always
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3—6 degrees higher than at the height of 1.3 m. The correlation analysis shows that
the relationship lays in the range between significant and high (r = —0.43-0.59;
n=0.48-0.65), with reliable indicators at the significance level of 0.05. At first glance,
in some cases, insignificant differences in temperature may not affect the growth and
development of the plants. However, it should be noted that, for the passage of life
cycles in poikilothermic organisms, which include plants, the sum of effective tem-
peratures is important [9]. Consequently, the daily summation of temperature that
rises above the critical value can ultimately amount to a significant value during the
vegetation season.

The air humidity has a general tendency to increase with distance from the edge
of the phytocenosis into the forest deep. The increase occurs up to 8 m. The difference
reaches 3—4 % at the height of 1.3 m and 3—6 % at the height of 0.15 m, in comparison
with the edge of the stand. It should be noted that air humidity is usually higher at
1.3 m, compared to surface air at 0.15 m, and is 46 %. Only on some sunny days
is the humidity in the surface layer higher than 1.3 m. Correlation analysis showed
that the dependenices in general have significant or high connections. The correlation
coefficients ranged from 0.58 to 0.62, and the correlation ratios were 0.69—0.83. All
indicators are reliable at a significance level of 0.05.

It is better to trace the influence of the edge effect on plant life using the
example of undergrowth and ground vegetation, since they are affected by it.
In the undergrowth of all types of woody plants a connection was discovered
between the quantity and the location due to the edge of phytocenosis the pine
undergrowth under the canopy of blueberry pine forests is not found on all
trial plots. It can be that the light conditions for its settlement and growth are
unfavorable. For example, A.V. Veretennikov [24] indicated that a luminance of
3000 lux, is critical for the process. In the ecotone zone, undergrowth of pine,
spruce, birch and aspen was observed, so these species were investigated further.
For this purpose, we divide them into the groups of heliophytes (pine, birch,
aspen) and sciophytes. This division is traditional and widely included in articles
on forestry and forest ecology [15, 22].

The correlation analysis of the relationship between the amount of
undergrowth and the distance from the edge of the phytocenosis showed the
following. The dependencies are fundamentally different for the heliophytes species
and sciophytes spruce. If the relationship is positive for spruce, consequently, the
further away from the edge, the more undergrowth. That for pine, birch and aspen,
on the contrary, is negative, the further from the edge, the less undergrowth (table 2).
The level of the correlation measured varies from significant to high or very high.
Most of the correlations are non-linear. The correlation ratios are in the range from
0.79 to 0.95. The obtained correlation indicators are reliable at all levels of
significance.

Near the edge of the phytocenosis, the amount of undergrowth ranges from
3000 pcs/ha for aspen to 5700 pcs/ha for birch. As the distance from the edge
increases, the amount of undergrowth is almost zero for pine, birch, and aspen
(Fig. 4). On some transects, as already noted, there was no pine undergrowth.
Consequently, in the undergrowth of heliophyte types, the edge effect extends
to 12—14 m.
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Table 2

Values of the correlation measured between the density of the undergrowth
and the distance from the edge of the phytocenosis

Attitude Transect | Correlation rate, | Validity, | Correlating ratio, | Validity,
to light direction r+m * t nEm, **

T

Tree species t
]

East-west| 0.66+0.224 5.47 0.95+0.127 14.27
Spruce | Sciophytes | North-

0.92+0.139 18.68 0.95+0.129 22.17
south

East-west | —0.84+0.164 | 13.06 0.94+0.136 14.29

Aspen North
orth- 16440166 | 1320 | 0.89+0.145 17.30

south
;fy‘igs East-west| —0.54+0.258 | 3.54 0.79+0.181 9.73

Birch North-
~0.80+0.187 | 10.02 | 0.89+0.115 15.49

south
Pine East-west| —0.79+0.181 | 9.63 0.88+0.148 13.81

*m_— error correlation rate; **mn — error correlating ratio.

6000 -

5000 -

4000 - —— pine

3000 - birch  Fig. 4. The amount of

2000 - \ aspen  undergrowth at different
1000 4 - spruce  distances from the edge
. of the phytocenosis

0 2 4 6 8 10 12 14

Number of young growth, pcs / ha

Distance from the edge, m

The size of the ecotone zone can be determined not only by changes in
meteorological factors, but also by changes in the amount of undergrowth of different
tree species at different distances from the ecotone, using the equations obtained
(table 3). The width of the ecotone zone is 8—12 m for aspen, 12—16 m for birch, and
14-16 m for pine. For spruce, the edge effect is not manifested.

The number of species of ground vegetation in the studied pine forests is
small. They are distributed unevenly in the marginal zone of the phytocenosis. In the
grass-shrub tier, the largest number of species is concentrated near the edge of the
phytocenosis. More deeply into the forest, their number decreases to 5 and remains at
this level (Fig. 5). In relation to the moss-lichen teir, such patterns are not manifested.
In some cases, there are more of them at the edge; in others, they are at different
distances. Thus, the edge effect affects only the plants of the grass-shrub tier and
manifests itself up to 8§ m.
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Table 3

Dependence between the number of undergrowth (pcs/ha) to the distance from
the edge of the phytocenosis (m)

Tree species Transect direction The equation Ecotone zone size, m
Pine East-west y="74.67+3135.57/x 14-16
) East-west y=411.47 +900.75/x 12-16
Birch
North-south y=496.04 + 10462.02/x 12-16
East-west y=1553.59 +3660.22/x 8-12
Aspen
North-south y=1553.59 +3660.22/x 812
Spruce East-west y=>516.62 + 34.60x Does not depend on the
North-south y=425.77+227.19x | cedge of the phytocenosis

,_.
—_
)

g 10 —e—herb-dwarf shrub layer
7 —o—moss-lichen layer
[
g 9 -
Fig. 5. The number of species of & ¢ |
ground vegetation at different dis- §
tances from the edge of the phyto- c.? 77
cenosis 5 07
E
5 5
Z
0 2 4 6 8 10 12 14
Distance from the edge, m
Conclusions

1. The marginal effect is manifested in changes of meteorological factors and
quantitative indicators of undergrowth of tree species and plants of the grass-shrub tier.
Luminance varies to 8 m; temperature to 8—15 m, air humidity to 8 m, wind speed to
30 m. On average, the width of the ecotone zone according to meteorological factors
is 14 m. The marginal effect on undergrowth and grass-shrub teir is manifested on
average up to 12 m. There were no differences in the impact of the field-forest, road-
forest ecotone species.

2. A close correlation was established between meteorological factors and the
distance to the edge of the phytocenosis.

3. The placement of undergrowth over the area is associated with the edge of
phytocenoses. The amount of undergrowth decreases with distance from the edge
for heliophytes species of woody plants (pine, birch, aspen) and does not change or
increase for sciophytes.

4. The number of species of the grass-shrub teir naturally decreases with
increasing distance from the forest edge.
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