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Abstract: The aim of this work is to analyze the impact of recreational impact on the taxation indicators and the condition of
pine stands of the Semey Ormany State Forest Reserve. Taxation indicators and the vital condition of pine stands in field studies
conducted in 2024. As a result of the study, stages of recreational degeneration were determined for different recreational use
zones, and taxonomic indicators of pine trees were analyzed. The research revealed that the recreational use zone | is in a
relatively degraded state. There is a general trend of increased damage indicators and a decrease in the condition index by 11-
22% for the quantity and size of stands in the zone of active visitation compared to the zone of moderate visitation.
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INTRODUCTION

The modern period is characterized by very intensive natural resource use in all its aspects. Among these, recreational
use of forests occupies a special place. This process, among various directions of natural resource use, is becoming one of
the foremost. New forest areas are increasingly falling into the realm of recreation, and recreational loads are rising, leading
to a deterioration in the quality of forest stands and, in some cases, complete degradation that excludes natural recovery.

Recreational forest use is a collection of phenomena arising from the exploitation of forests for tourism and recreation,
characterized by a bidirectional relationship: the impact of the forest on visitors and the impact of visitors on the forest
(Tudoran et al., 2022; Riccioli et al., 2019; Mohd Kher, 2014; Patricia et al., 2019; Miller et al., 2022).

The beneficial effects of forests are primarily explained by their microclimatic features (specific temperature regimes,
solar radiation, air phytocidicity, ionization, oxygen release into the atmosphere, dust and noise absorption, retention of
radioactive particles, reduction of wind speed), as well as their aesthetic functions and landscape properties, etc.
(Ferrenberg et al., 2016; Greiser et al., 2018; Menge et al., 2023; Ballantyne et al., 2018).

Environmental pollution, lack of oxygen, increased mental and reduced physical stress, industrial and domestic
noise, and confinement negatively impact the human body (Xu et al., 2023; Abad Ldpez et al., 2023; Siddiqua et al.,
2022; Manisalidis et al., 2020). Under the influence of favorable natural factors, the functions of various bodily systems
are altered (Addas, 2023; Butt et al., 2020; Yuan et al., 2020; Bateman and Fleming, 2017). Active recreation can
reduce the incidence of cardiovascular diseases by 50%, respiratory organs by nearly 40%, and nervous and
musculoskeletal systems by 30%. The constant increase in population, development of infrastructure and transportation
lead to the progressive urbanization of natural landscapes, deteriorating conditions of urban and suburban forests, forest
parks, and green spaces (Meixia Lin et al., 2020; Xu et al., 2020; Wang et al., 2022, Wan et al., 2024). The benefits of
forest recreation and its positive effects on restoring psychological balance and physical strength result in an increased
influx of recreational users, which, in turn, raises the load on forest ecosystems and weakens their resilience
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(Ozgeldinova et al., 2023; Marasinghe et al., 2020; Ozgeldinova et al., 2022). Recreational use of forest plantations
leads to adverse changes (such as reduced stand density, increased number of sick and damaged trees, destruction of the
forest floor, soil compaction, and the death of undergrowth and saplings), which can pose risks to the continued natural
development of ecological components. In some cases, these changes can result in complete, naturally irreversible
degradation (Haris et al., 2020; Sanzheev and Namdakov, 2023; Scherbina et al., 2022).

Recreational forest use usually causes negative changes in forest ecosystems, referred to in recreational forestry as
recreational degeneration. This term describes complex changes in various elements of forest ecosystems, primarily
affecting nutrient exchange, energy flow, and interactions between plant and animal species (Dertien et al., 2021; Rasputina
et al., 2019). In assessing the degree of recreational degeneration, it is common to distinguish between 3 and 4 stages (IS
56-84-85; Komarova and Komarov, 2013; Dancheva and Zalesov, 2014; Timashchuk, 2015), less frequently 5 stages
(Dyukova and Serikov, 2012; Zakamsky and Musin, 2013), and sometimes 6 stages (Gorshkova et al., 2012) of forest
degeneration. The resilience of a forest stand to recreational load is determined by its degree of degeneration (Babushkina,
2011). In most cases, the boundary of forest resilience lies between the 111 and 1V stages of degeneration.

Indicators of recreational degeneration include the magnitude of recreational loads, quantitative and qualitative
indicators of the forest floor, live ground cover, saplings, undergrowth, soil, the projected cover of epiphytic lichens on tree
trunks, the area of trampled territory, the condition of the stand, etc. (Tokarieva et al., 2022; Rasputina et al., 2019;
Scherbina et al., 2022). The forests of SFNR (State Forest Nature Reserve) "Semei Ormany" are characterized by their
uniqueness and favorable conditions for tourism and various forms of recreation. However, uncontrolled visitation often
leads to exceeding recreational loads, which affects the ecological condition of the forest system and its components,
potentially leading to complete degradation. The aim of this work is to analyze the influence of recreational impact on the
taxation indicators and condition of pine stands of the «Semei Ormany» state forest nature reserve.

MATERIALS AND METHODS

Research was conducted in 2024 on sample plots (SP) in SFNR "Semei Ormany". The subjects of the research were
natural and artificial pine forests of SFNR "Semei Ormany". In SFNR "Semei Ormany", pine plantations are located near
recreation centers and children's sanatoriums (Figure 1). SFNR "Semei Ormany", located in the Abai region, covers an area
of 654,179.8 hectares. Geographically, the reserve is situated within the Irtysh Plain, the Kokpekti-Charsk small mountain
range, and the Chinggis Tau Mountains. The ribbon forests are located in the northwestern part of the East Kazakhstan
region. The territories of the Begenevsky, Borodulikha, Bukebayevsky, Dolonsky (excluding floodplain forests),
Zhanasemeisky, Kanonersky, Morozovsky, Novoshulbinsky, and Semipalatinsk (excluding floodplain forests) branches fall
into the steppe latitudinal-geographical zone. The territory of the Zharminsky branch falls into the desert latitudinal-
geographical zone. According to botanical-geographical classification, the territory occupied by the ribbon forests of the
Irtysh region belongs to the Euroasian Steppe Region, the Volga-Kazakhstan Province, the Eastern Kazakhstan Steppe
Subprovince, and the zone of dry fescue-feather grass steppes on chestnut soils.
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Figure 1. SFNR "Semei Ormany"(Source: Created by the authors in Arééis 10.8 using the "National Geographic World Map")

The area is characterized by a unique combination of vegetation types: steppe, forest, desert, shrub, meadow, and
swamp. The flora of higher plants in the ribbon forests of the Irtysh region is represented by 344 species from 201 genera
and 61 families. The core of the flora consists of angiosperms — 340 species, including dicotyledons — 80.59% (274 species)
and monocotyledons — 19.41% (66 species) (https://www.oopt.kz/categories/view/semey_ormany/).
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Steppe communities with a dominance of xerophytic, cold-resistant bunch grasses occupied significant areas before
extensive plowing. In sandy areas, along with pine forests, there are psammophyte-mixed-grass-fescue-feather grass (Stipa
pennata, Festuca valesiaca, Agropyron fragile, Gypsophylla paniculata) steppes. Common accompanying species include
Cleistogenes squarrosa, Centaurea sibirica, Helichrysum arenarium, and Ephedra distachya.

Forest Vegetation Type: A unique feature of this area is the presence of forest stands in the steppe zone, consisting of
pine, birch, and aspen forests. The existence of forests in the steppe zone has significant water protection and aesthetic
value. The forests here occur under specific conditions: on sandy soils and with a close occurrence of groundwater. The
typical landscape of such areas is characterized by a mix of pine or aspen-birch forests and sandy steppes. The main forest-
forming species are Scots pine (Pinus sylvestris), silver birch (Betula pendula), and aspen (Populus tremula). In the
herbaceous layer, the dominant grasses are feather grass (Stipa pennata), previously known as John’s feather grass (Stipa
joannis), and fescue (Festuca pseudoovina, F. valesiaca), as well as Marshall's wormwood (Artemisia marschalliana),
previously field wormwood (Artemisia campestris) (https://www.oopt.kz/categories/view/semey_ormany/). In SFNR
"Semei Ormany", pine forests are represented by dry (C2) and moist (C3) forest types. The natural pine forests of SFNR
"Semei Ormany" are characterized by a V age class. The bonitet class is V. The studied plantations are classified as
medium-dense (P=0.5-0.6). The establishment of sample plots (SP) and the determination of forest-taxa parameters of
stands were carried out in accordance with widely accepted forestry methodologies (Dancheva and Zalesov, 2015).

The issue of rational use of recreational forests should be addressed against the backdrop of proper organization of
forest park areas, conducting scientifically-based zoning, and developing architectural and planning solutions for each zone
(Dertien Stern et al., 2022; Miller et al., 2023; Lukoseviciute et al., 2022). The classification of pine plantations by usage
form was based on earlier studies (Portyanko and Zholdybaeva, 2011). The main criterion for distinguishing recreational
use zones (RUZ) was the distance from areas of mass recreation. The authors identified three RUZ:

RUZ-1 - zone of intensive visitation, where forest plantations experience maximum recreational load.

RUZ-1I — zone of moderate visitation. This zone includes forest areas with average visitation and those directly adjacent
to the intensive visitation zone.

RUZ-IIl — zone of low visitation. It encompasses areas far from convenient transportation routes, inaccessible for
pedestrian visits, or lacking attractive landscape elements.

The above method for distinguishing recreational use zones of pine plantations for "Semei Ormany" recreational
purposes was based on the principle of distance from mass recreation areas. Our goal was to achieve a more accurate
recreational zoning of pine plantations using not only the distance from recreation sites but also additional quantitative
indicators, including the magnitude of recreational loads. For measuring recreational load, a registration-measurement
method (OST 56-100-95) was used, based on recording visitors and their time spent at sample plots.

The number of visitors was recorded three times a day on calendar dates — in the morning (9:00 AM - 12:00 PM), at
lunchtime (12:00 PM - 3:00 PM), and in the evening (3:00 PM - 6:00 PM). Attendance was monitored on both working
and non-working days under comfortable and uncomfortable weather conditions (OST-56-100-95). Determining the
average annual one-time recreational load would be inaccurate, as the use of the studied pine plantations for recreation
and tourism is primarily seasonal. The peak visitation of recreational pine forests in the ribbon forest (SFNR "Semei
Ormany") occurs from June to August, so in our studies, the recreational season here and elsewhere will be the
aforementioned period, which totals 92 days. In addition to determining recreational loads by recreational zones, the stages of
recreational degeneration of pine plantations were assessed. The research was conducted in the pine forests of SFNR "Semei
Ormany". For this, all roads, trails, and trampled areas were recorded according to the methodology of Gensiruk et al. (1987).
All areas with clear signs of trampling, where the forest floor was absent or in a trampled state, were marked on the map.

The stages of recreational degeneration in the studied sample plots were determined by the ratio of the area of trampling
to the mineral horizon of the surface to the total area of the surveyed site (OST 56-100-95): the first (I) stage — up to 1.0%,
the second (I1) — 1.1-5.0%, the third (111) — 5.1-10.0%, the fourth (1) — 10.1-25.0%, the fifth (V) — more than 25.0%.

Assessment of the vitality of trees (VST), indices of tree condition by quantity (Ln) and size (Lv), as well as the damage
to stands (Dv) were carried out according to the methodology of Alekseev (1989). At 100-80%, the stand was assessed as
"healthy", at 79-50% — damaged (weakened), at 49-20% — severely damaged (severely weakened), at 19% and below —
completely destroyed. The damage to the stand (Dv) was determined by the formula (Alekseev, 1990):

Dv — 3IJ><MZ+60><MSE+:45><M4+10|JXMS‘ % (1)

where, M2, M3, M4, M5 — volume of timber of damaged (weakened), severely damaged, dying trees, and deadwood on
the sample plot or per hectare, m3; 30, 60, 95, and 100 — coefficients representing the damage levels of different tree
categories, %; M — total timber volume on the sample plot, m3ha (including the volume of healthy trees).

When the damage indicator DvDvDV is less than 20%, the stand can be considered "healthy" (Dv = 11-19% indicates
initial weakening of the stand); at 20-49% — "damaged"; at 50-79% — severely damaged; and at 80% or more — "destroyed".
The calculation of the stand condition index by the number of trees (Ln) was performed using the formula (Alekseev, 1990):

In = (100xN; + ?DXN2N+ 40%N3 + 5xNy) , % (2)

where, N1 — number of healthy trees, N2 — weakened trees, N3 — severely weakened trees, N4 — dying trees on the
sample plot (or per hectare, units); N — total number of trees (including dead trees) on the sample plot or per hectare, units.

The Growth Intensity Coefficient (GIC) of the studied pine stands was determined using the methodology by Gustova
and Terekhina (2007):
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Kol = m, cm/em’ (3)
Gi3

where, H — average height of the stand, m; G1,3 — cross-sectional area of the average tree at a height of 1.3 m, cm2.

For pine stands of | site quality class, the value of the Growth Intensity Coefficient (GIC) is 4.0 cm/cm? at 20 years of
age, 3.5 cm/cm2 at 30-70 years, and 2.0 cm/cm?2 at 100 years (Shulga et al., 2007; Shulga, 2012). For normal pine stands,
the GIC values are 20.6 cm/cm? for 20-year-old stands, 12.3 cm/cm? at 30 years, 6.8 cm/cm? at 50 years, 4.8 cm/cm? at 70
years, and 3.4 cm/cm? at 100 years. Recreational load was measured using recreational density (Rd) and recreational
attendance (Re), calculated using the formula (OST 56-100-95):

R,=R;xT1xt, 4)

where, Re — recreational attendance, people/ha/day (in our studies, people/ha/day); T — duration of the measurement
period (in our case, T = 180 minutes or 3 hours); t — duration of a single visit (in our studies, in the active use zone (RUZ-
1), on average, t = 10 minutes or 0.17 hours; for the moderate use zone (RUZ-II) and the control zone (RUZ-1II),t =5
minutes or 0.08 hours).

R;=NxS§71, (5)

where, Rd — recreational density, people/ha; N — number of visitors, people; S — area, ha. One of the important features

is the crown. Kraft, using these characteristics, classifies all trees into 5 classes (Morozov, 2004) (Figure 2).
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Figure 2. Classification of forest trees

- Class | — Dominant Trees: These trees have a strong, well-developed crown and large height and diameter trunks,
standing out from the general canopy. They make up up to 8% by density and up to 20% by volume.

- Class Il — Co-dominant Trees: These trees make up the upper part of the tree canopy. They account for 15 to 35% of
the total and constitute 40-80% by volume. The maximum number of such trees is found in mature stands, and in immature
stands, they appear after thinning.

- Class Il — Sub-dominant Trees: These trees are part of the general canopy with the trees of the first two classes but are
suppressed by them, as indicated by their narrow crowns. They are shorter in height and vary in number: from 10% in
mature managed stands to half of the total in young stands.

- Class 1V — Suppressed Trees: These trees make up 5 to 30% by density. They are divided into two subclasses: 1Va
— trees with symmetrical crowns growing in gaps, and IVb — trees with flag-like one-sided crowns, partially under the
crowns of other trees.

- Class V — Shaded Trees: These trees make up 1 to 30% by density. They are also divided into two subclasses: Va —
trees with viable crowns and Vb — trees with dying or dead crowns.

Definition of recreational use zone ‘

l RUZ-III: Low visitation zone

x 2T Medi Ee
RUZ-I: High visitation zons | RUZAL: Medium visitation

Zone

l Definition of taxation indicators for pine stands I

. Abzolute . Stock or - .
Height (m) Diameter (cm) I.E:;?_E—‘a) fullness Rﬁfﬂlf]‘i‘: Volume S‘“{g‘;‘f‘-‘
N (m*/ha) } (m*/ha) -
‘ Definition of indicators of the vitality of pine stands |
Vitality of trees | "é?hdt:e index b{a;esd | Vitality index based | Damage to stands |  Growth stress
(OVET, %) tress (Ln, %) on tree size (Lv, %) (D, %) coefficient {em/cm®)

l Determination of recreational attendance and density

Analysis of recreational impact on taxation indicators and
vital statuz of pine stands in the context of recreational use
zones

Figure 2. analysis of recreational impact on the taxation indicators and vital status of pine stands of the SFNR "Semei Ormany"
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The reasons for tree differentiation include: hereditary traits; soil fertility heterogeneity; the differentiation process is
more intense in denser natural stands and where trees grow faster. Tree growth can be weakened by pests, diseases, wind,
snow, and other factors. The block diagram of the conducted analysis of recreational impact on the taxation indicators and
vital status of pine stands of the SFNR "Semei Ormany" is shown in Figure 2.

RESULTS AND DISCUSSION

According to our research, the pine stands in the SFNR "Semey Ormany" in RUZ-1 are at stages IV-V of recreational
degeneration. The proportion of trampled areas down to the mineral soil layer averages 50.0%, with variation in this
indicator across monitoring plots (PP) ranging from 11.2% to 91.0%. Stands in RUZ-II are characterized by stages I1-111
of recreational degeneration, with the average proportion of trampled surface in this functional zone being 6.1%.

In RUZ-I11, no trampled areas down to the mineral soil layer were found, so the pine stands in this zone can be
classified as stage | of recreational degeneration. Since, according to OST 56-100-95, the third stage of recreational
degeneration is defined as the maximum allowable for forest natural complexes, the values for recreational density (Rd)
and recreational attendance (Re) are also considered the maximum allowable. In our research, the maximum values for
Rd and Re are those corresponding to RUZ-I1. Therefore, for the studied pine stands, the maximum allowable values for
recreational density (Rd) are 110-160 people/ha, and for recreational attendance (Re) are 3-10 people/ha/day. The
allowable average seasonal value for recreational attendance (Re) is 3.4 people/ha/day. The obtained data allow for
some changes and additions to the previously developed recreational use zones (Portyanko and Zholdybaeva, 2011;
Dancheva, 2018), extending them to all pine stands in "Semey Ormany":

- RUZ-I — Active Use Zone: This includes pine stands directly adjacent to mass recreation areas, etc. Recreational
attendance is 12 or more people/ha/day. The stand is characterized by stages IV and V of recreational degeneration (Figure 3).

-RUZ-1l — Moderate Use Zone: This includes areas of pine stands with average attendance, directly adjacent to the
active use zone. Recreational attendance is 3-10 people/ha/day. The stand is characterized by stages Il-111 of degeneration.
-RUZ-1Il — Low Use Zone (conditionally control): This includes pine stands that are distant from convenient

transportation routes, inaccessible for pedestrian visits, or lacking attractive landscape elements.

: e Y R
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Figure 3. Medium-dense pine forests of the SFNR "Semey Ormany" in the active use zone (RUZ-1) (Source: Authors, 2024)

Recreational attendance is 0.5-1 people/ha/day. The stand is characterized by stage | of recreational degeneration. As a
result of the conducted research, it has been established that with increasing recreational impact, there is an increase in the
average diameter and height of high-density pine stands (Table 1). The values of these indicators in the active use zone
(RUZ-I) increase by 1.1-1.3 times compared to the corresponding values in the moderate (RUZ-I1) and low (conditionally
control) (RUZ-111) use zones.

Table 1. Inventory indicators of medium-dense pine stands in the SFNR "Semey Ormany" ( Source: Author, 2024)

Recreational Height, m Diameter, Density, Absolute Relative fullness Stock, Bonitet class Growth area,
Use Zone ' cm ind./ha fullness, m#/ha m3/ha m?
| 17,6+0,4 29,6+1,1 247 21,8 0,6 176 v 38,4
Il 16,7+0,4 28,2+1,2 278 20,9 0,6 163 v 35,7
11 15,2+0,5 23,4+1,1 365 21,1 0,5 168 v 22,6

In all the high-density pine forests of "Semey Ormany" examined, an increase in recreational impact is associated
with a decrease in stand density (Table 1). This effect is most pronounced in very dry and dry pine forests. For instance,
in RUZ-II, the density is 278 trees/ha, which is 1.2-1.5 times lower compared to RUZ-111, while in RUZ-I, the density is
247 trees/ha, which is 2-2.5 times lower than in RUZ-111. The average density in the active use zone (RUZ-I) of fresh
and wet growing conditions is 1.2-1.4 times lower compared to the control zone (RUZ-II1).

Along with the decrease in stand density, there is an increase in the growth area of trees. In medium-dense stands,
stand density increases by 1.1-1.8 times as one moves away from RUZ-I (Table 1). With increasing recreational impact,
there is an increase in the number of trees classified as Kraft classes I-11 (Figure 4).
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Figure 4. Distribution of pine trees by Kraft classes in medium-dense pine forests of the SFNR "Semey Ormany" (Source: Author, 2024)
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Figure 5. Distribution of trees by vitality categories in medium-dense pine forests of the SFNR "Semey Ormany" (Source: Author, 2024)

In the active use zone (RUZ-I), the proportion of trees classified as Kraft classes | and Il is 1.2-1.4 times higher
compared to the control zone (RUZ-I1I). In pine forests, a sharp increase in the number of trees classified as Kraft classes
I11-1V is noted when recreational impact decreases across all considered forest type groups (Figure 5). In the moderate use
zone (RUZ-11) and control zone (RUZ-111) of both dry and fresh pine forests, the number of trees in Kraft classes I1-1V is
1.3-2.3 times lower compared to the active use zone (RUZ-I). Deadwood (Kraft class Vb) is mostly present only in the
moderate use zone (RUZ-I1) and control zone (RUZ-111). The proportion of deadwood in high-density pine stands is 5-10%,
while in medium-dense pine stands, it is 1-6% of the total density on monitoring plots (PP). The absence of deadwood in
RUZ-I is explained by its timely removal during selective sanitary cutting. One of the main indicators characterizing stand
condition is the relative vitality index (RVI). According to Figure 5.13, the RVI of medium-dense pine forests in all
functional zones of the considered forest type groups ranges from 54% to 76%, which classifies them as "weakened." An
increase in recreational impact leads to a decrease in the vitality index in medium-dense dry pine forests by 15-22%. The
differences in RVI values between RUZ-I and RUZ-II, as well as between RUZ-1 and RUZ-11l, are statistically significant
in stands of all forest type groups. With decreasing moisture levels, there is a slight increase in RVI in RUZ-1 within
medium-dense pine forests. The analysis of the data in Figure 5 indicates that in all RUZs, both high-density and medium-
dense pine stands predominantly consist of trees classified as "weakened" — up to 90% of the total number.

As the intensity of recreational impact increases, there is a rise in the number of "weakened" trees and a decrease in the
number of "healthy" trees. For example, in medium-dense pine forests in dry growing conditions, the number of "strongly
weakened" trees in the active use zone (RUZ-I) is 0.9 times higher compared to the moderate use zone (RUZ-II). The
correlation between the increase in the number of "weakened" trees and the decrease in "healthy" trees with increased
recreational impact is less pronounced in dry pine forests. The number of trees categorized as "dying" in medium-dense
pine stands varies significantly across each of the considered forest type groups. In the active use zone (RUZ-I), their
number is 0.6 times higher compared to the moderate use zone (RUZ-II). The analysis of the data in Table 2 indicates a
general trend of increasing damage (Dv), and decreasing vitality index by quantity (Ln) and size (Lv) of stands in the active
use zone (RUZ-1) compared to the moderate use zone (RUZ-I1) and control (RUZ-I111).

Table 2. Vitality indicators of medium-dense pine stands in the SFNR "Semey Ormany"(Source: Author, 2024)

Ne 1-19C 2-19C 3-19C 4-19C 5-19C
RUZ I I I Tl 1T
RVI, % 54,3+1,9 66,6+1,5 63,1+0,6 66,8+1,3 64,9+3,0
L., % 61,5 69,7 68,5 74,1 69,5
L, 67,3 715 70,3 72,6 75,3
D, % 33,8 29,8 31,7 28,4 23,6
GSC, cmem 3,4+0,3 3,240,3 2,8+0,1 3,4+0,4 4,4+0,3

The methods currently used to assess the vitality (Alekseev, 1989) and sanitary condition (Rules for Logging in State
Forest Fund Areas, 2015) of forest stands are based on visual evaluation of healthy, weakened, strongly weakened trees, as
well as deadwood, according to various indicators, one of which is the condition of the crown and photosynthetic
apparatus. Therefore, these methods are subjective, depending on the opinion of the specific researcher. For an objective
assessment of tree vitality categories, it is advisable to use additional quantitative indicators that should be technological,
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i.e., easily and accurately measurable (Shevelina et al., 2010). For the studied pine stands, the growth stress coefficient
(GSC) (Gustova and Terekhina, 2007) was used for the first time. The data in Table 2 show that the GSC values in
medium-dense pine forests range from 2.8 to 4.4 cm/cmz?, which is optimal for this age category (Shulga et al., 2007). In
other words, the pine forests are characterized as biologically stable. The distribution of GSC values by vitality categories
presented in Table 2 indicates that in medium-dense pine stands, the lowest GSC values are associated with trees
categorized as "healthy" and also with "weakened" trees having an average GSC value. The lowest values of the growth
stress coefficient (GSC) across all considered condition categories are found in medium-dense pine stands.

A general pattern is observed where the value of the growth stress coefficient (GSC) increases as the vitality of the trees
decreases. Significant differences in GSC values are most often noted between all categories of tree vitality. The conducted
research has established a close relationship between the vitality index and the growth stress coefficient (GSC). In the
medium-dense mature pine forests of the SFNR "Semey Ormany," across all RUZs, trees classified as "healthy" have GSC
values ranging from 3.0£0.1 to 5.0+0.5 cm/cm2. The GSC values for "weakened" trees range from 2.8+0.2 to 4.1+0.4
cm/cmz. Trees classified as "strongly weakened" and "dying" have GSC values of 5.0+0.7 cm/cm?2 and above (Table 3).

Table 3. Average GSC values for medium-dense pine forests of the SFNR
"Semey Ormany" by vitality categories, cm/cm? (Source: Author, 2024)

Ne 1-19C 2-19C 3-19C 4-19C 5-19C

RUZ | 1 I 1 i

Categories of condition
healthy - 3,0+0,1 - 4,1+0,3 5,0+0,5
weak 2,8+0,2 2,9+0,1 2,9+0,1 3,3+0,3 4,1+0,4
Severely weak 6,4+0,7 9,8+0,8 3,6+0,1 41 8,7+0,7
dying 5,0+0,7 10,4 - - 8,5+0,7
CONCLUSION

Recreational loads exceeding the maximum allowable values contribute to soil surface compaction, trampling of
moss-lichen and grass cover, compression of the litter, mechanical damage to the forest stand, destruction of
undergrowth and shrubs, changes in insect fauna, and the creation of conditions where restoration processes do not keep
pace with destruction processes and the introduction of components of a more stable and capable biogeocoenosis that
can exist under higher recreational loads — ruderal biogeocoenosis (Musin et al., 2020; Scherbina et al., 2022;
Ozgeldinova et al., 2023). Thus, according to the zoning of recreational use, the pine forests of "Semey Ormany" are
divided into 3 zones: active use zone (RUZ-1), moderate use zone (RUZ-11), and low use zone (RUZ-III). The intensity
of recreational impact on pine forests varies significantly across these zones. Pine forests in the RUZ-I zone experience
the highest recreational load — up to 83 people/ha/day. In comparison, this indicator increases 12-19 and 59-69 times in
RUZ-I1 and RUZ-III, respectively. In the active use zone (RUZ-1), mass recreation such as picnics, beach outings, and
walks around sanatoriums and rest houses predominates, whereas in RUZ-IlI and RUZ-III, recreational activities are
more focused on gathering (e.g., mushroom and berry picking). Recreational visitation and density sharply increase on
non-working days across all functional zones. The highest recreational loads are observed in RUZ-I during morning and
evening hours, in RUZ-I1 during morning and midday hours, and in RUZ-I11 during morning hours.

Pine forests in the active use zone (RUZ-1) are characterized by IV and V stages of recreational degradation, while
those in the moderate use zone (RUZ-I1I) are in II-111 stages, and those in the control zone (RUZ-1I1) are in the | stage of
recreational degradation. The level of recreational visitation in RUZ-I1 is the maximum allowable for the pine forests of the
studied regions and is equal to 3-10 people/ha/day. The permissible mid-season level of recreational visitation is 3.4
people/ha/day. As recreational loads increase, there is a decrease in tree density and an increase in the growth area of trees
by 1.3-2.4 times. This pattern is more pronounced in dry growing conditions (forest type group C2) than in fresh conditions
(forest type group C3). Increased recreational loads accelerate the process of natural thinning of the forest stand, which
explains the increase in the number of trees of I-1I class and the decrease in trees of 1V-V class according to Kraft by 1.3-
1.8 times in RUZ-1 compared to RUZ-Il and RUZ-111. On most monitoring plots (PP), according to indicators of condition
(damage (Dv), vitality index by quantity (Ln) and size (Lv)), the pine forests are characterized as "weakened."

There is a general trend of increasing damage (Dv) and decreasing vitality index by quantity (Ln) and size (Lv) of
stands in the active use zone (RUZ-I) by 11-22% compared to the moderate use zone (RUZ-11) and control (RUZ-I11).

It has been established that the growth stress coefficient (GSC) is a reliable indicator of biological stability both of the
entire stand and of the separately considered tree groups. A close relationship has been identified between the vitality index
(V1) and the growth stress coefficient (GSC) with tree size. As tree size increases, there is an increase in VI and a decrease in
GSC. Forest recreation and tourism, including ecological tourism, is a complex and multifaceted economic sector, requiring
not only investment but also a balanced infrastructure for the three main elements of sustainable territorial development —
economic, ecological, and social (Winter et al., 2019; Tudoran et al., 2022). Recreational forest use is increasingly becoming
an important area of joint activities between people and forestry agencies providing forest areas for recreation and tourism
(Zigern-Korn et al., 2020; Riccioli, 2019; Miller et al., 2022). Consequently, it is necessary to establish an economic basis for
such relationships, where forestry incurs certain costs from public visits to forest areas, while the population gains social
benefits such as improved health, treatment of various diseases, and so on. However, currently, the economic assessment of
recreational potential is complex and underdeveloped both methodologically and technically. There is no unified and
universally accepted method for evaluating these resources either in Kazakhstan or abroad.
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