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Abstract: The present study investigates the spatial-temporal patterns of Tulipa greigii distribution across the heterogeneous
landscapes of the Turkistan Region, southern Kazakhstan. As a flagship species with high conservation and ecotourism value
Tulipa greigii is increasingly affected by climate variability and landscape fragmentation. The aim of the research is to identify
the ecological parameters governing tulip distribution and to assess the potential for sustainable ecotourism based on floral
landscape dynamics. The methodology integrates field ecological surveys, multi-seasonal remote sensing (Sentinel-2 and Landsat
8), and geospatial modeling using NDVI and NDMI indices. Additionally, public interest and ecotourism potential were assessed
through digital footprint analysis on social media platforms (Instagram and TikTok), as well as national visitation statistics.
Geostatistical tools were employed to analyze spatial trends and vegetation stress patterns across six key study locations selected
for their landscape diversity. Findings reveal a strong correlation between seasonal soil moisture levels and the spatial presence
of Tulipa greigii. Higher vegetation indices were observed in slope-adjacent piedmonts and montane meadow belts, which also
correspond with increased social media activity during the blooming season. The results confirm the role of geomorphological
position, hydrological balance, and digital visibility in determining ecotourism hotspots. This study demonstrates the value of
interdisciplinary methods in understanding plant distribution and promoting nature-based tourism. By integrating biophysical
indicators with geospatial technologies and public engagement metrics, the research provides a holistic framework for identifying
ecologically significant zones under pressure from climate change and human activity. Moreover, the proposed approach
highlights the utility of coupling traditional ecological monitoring with digital analytics to track spatial interest trends and
ecological vulnerabilities. The study contributes to the scientific basis for the development of adaptive conservation strategies,
fostering synergies between biodiversity protection and regional ecotourism planning. It provides regionally grounded and
practically oriented recommendations for harmonizing biodiversity conservation efforts with the development of digital
ecotourism strategies, tailored specifically to the ecological and socio-spatial characteristics of Central Asia’s dryland landscapes.
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INTRODUCTION

Tulips are perennial geophytic plants belonging to the family Liliaceae, notable not only for their contribution to
biological diversity but also for their significant economic, horticultural, ecological, and aesthetic value (Pavord, 1999).
Central Asia, particularly Kazakhstan, is considered the primary genetic center of origin for tulips (Vvedensky &
Kovalevskaya, 1971; Hoog, 1973). Scientific research on tulips began in the late 18th century, with P.S. Pallas being the
first to describe species in Western Siberia and adjacent regions. In the 19th century, prominent botanists such as A.
Lehman, I. Kirilov, I. Borshchow, L. Shrenk, S. Karelin, and E.A. von Regel made significant contributions to the
classification of Tulip taxa in the flora of Kazakhstan. Tulipa greigii was first described in 1873 by the botanist E.L. Regel.
It was studied based on herbarium materials collected by A. Severtsev and B. Fedchenko in the Karatau Mountains.

Initially, this tulip was identified as a variety of a specific species under the name Tulipa altaica var. karatavica Regel.
is found in the Karatau mountain range of southern Kazakhstan. However, later that same year, Regel recognized it as a
distinct species (lvashchenko & Belyalov, 2019; Tojibaev et al., 2022). As research progressed, numerous studies were
published on the morphology, genetics, ecology, and distribution of tulips. Tulipa greigii is an endemic and rare species
found in the southern and southwestern regions of Kazakhstan, including the Turkistan Region, Karatau Range, Kyzylkum
Desert, Betpak-Dala Plateau, and up to elevations of 2400 meters in the Tian Shan mountain system. It typically grows on
clay and rocky slopes, as well as in foothill plains and mountain flukes. This bulbous perennial of the Liliaceae family
reaches a height of 10-30 cm. Its flowers are bright red, orange, or yellow, often with a black or purple center.
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According to its phenology, Tulipa greigii flowers between April and June and produces fruit from June to July. The
species primarily reproduces vegetatively through bulbs, while seed propagation is relatively rare. It typically grows in dry,
gravelly, semi-desert, and mountainous regions. Due to its limited population and distribution, the species is listed in the
Red Book of Kazakhstan. As part of conservation measures, Tulipa greigii is protected within the boundaries of the
Sairam-Ugam National Park, Aksu-Zhabagly Nature Reserve, and Karatau State Nature Reserve. Additionally, ex-situ
conservation and propagation programs are being considered to support the preservation of natural populations
(Kubentayev et al., 2024). The risk of extinction for Tulipa greigii is associated with its narrow geographic range and
increasing anthropogenic pressures. Major threats include the expansion of agriculture (e.g., increasing cultivated areas, use
of fertilizers), overgrazing (leading to habitat degradation), urbanization (land development, construction of roads and
infrastructure), climate change (droughts, decreased precipitation), and illegal harvesting for commercial purposes.

The expansion of agricultural activities, pastures, and urban infrastructure, along with climate variability, are negatively
impacting the species’ population. Moreover, the illegal collection and commercialization of tulips significantly contribute
to their population decline in the wild (Christenhusz et al., 2013). Tulipa greigii is one of the key species that enhances the
aesthetic and ecological value of natural landscapes. The development of ecotourism is considered an effective strategy for
conserving its natural populations, as adherence to environmental regulations contributes to the protection of the species'
natural habitat. Furthermore, ecotourism supports local economies and creates sustainable income opportunities while
fostering a culture of environmental awareness and nature conservation within communities.

In this study, photogeographical mapping and GIS technologies were employed to conduct spatial analysis. The study
area was mapped, and satellite imagery was interpreted. Scientific analyses were carried out to identify the distribution
patterns of Tulipa greigii, evaluate the impact of anthropogenic factors on its spatial differentiation, and assess the potential
of conserving the species through ecotourism development. Areas of Tulipa greigii distribution, main highways, hotels, and
other tourist-related infrastructure were identified. Additionally, to assess public interest in the distribution and ecotourism
potential of Tulipa greigii, statistical data from social media platforms were analyzed. The data collection and processing
involved analyzing trending hashtags, geolocation information from users, and the frequency of related posts.

The primary aim of this study is to determine the spatial distribution patterns of Tulipa greigii within the diverse
landscape structures of the Turkistan Region, critically evaluate the anthropogenic drivers influencing its population
dynamics—including land degradation, agricultural transformation, and tourism-induced pressures—and to formulate a
scientifically grounded strategy for the sustainable development of ecotourism based on species conservation priorities.

To achieve this aim, the following research objectives have been established:

To delineate the current distribution range of Tulipa greigii across the landscapes of the Turkistan Region using field
data and remote sensing tools;

To assess the spatiotemporal dynamics of its habitat and quantify the extent of anthropogenic impacts, including
land-use change, grazing pressure, and infrastructural development;

To evaluate the ecotourism development potential of Tulipa greigii by identifying its ecological and aesthetic value,
with a particular emphasis on opportunities for seasonal and conservation-based tourism.

In recent years, the number of scientific studies focused on the spatial distribution and ecotourism potential of Tulipa
greigii and related species has increased. However, the thematic scope and methodologies employed in these studies remain
limited, particularly in terms of spatial-temporal modeling, quantitative assessment of anthropogenic impacts, and the
integration of socio-ecological linkages. For instance, the work of Kubentayev et al. (2024) prioritizes the floristic and
taxonomic classification of Tulipa species and provides cartographic representations of their distribution across
Kazakhstan. Nevertheless, it does not address the spatial-temporal dynamics of population trends or the influence of
anthropogenic pressures. Sutula et al. (2024) describe the genetic diversity and phylogenetic structure of rare Tulipa
species. However, their findings are not linked to specific landscape conditions or the ecological status of habitats, which
limits the applied value of the research. Although Debnath et al. (2023) successfully model land cover transformation using
spatial techniques, their study is not related to the distribution of rare or endemic plant species, nor does it explore the
interconnections between biodiversity and tourism. To address this gap, the present study conducts a species-specific
ecological assessment utilizing Sentinel-2 and Landsat 8 satellite data along with NDVI and NDMI indices.

Eker et al. (2024) analyze the relationship between soil and vegetation but fail to sufficiently consider ecosystem stress
factors, recreational load, or field-based observations.

From the perspective of information and communication approaches, lonescu et al. (2016) underscore the role of
ecotourism mapping in promoting protected areas. However, the study does not incorporate data reflecting public interest
and tourism activity from modern digital platforms, such as hashtags and geotagged information on social media. This gap
is addressed in the current research through the integration of data obtained from TikTok and Instagram platforms.

Overall, previous studies reveal several methodological limitations, including:

-limited availability or low spatial resolution of geospatial data;

-insufficient analysis of the relationship between species distribution and landscape structure;

-lack of evaluation of social demand related to ecotourism;

-inadequate quantitative or qualitative characterization of anthropogenic factors.

To overcome these constraints, this study adopts an integrated methodological framework that combines ecological,
geospatial, and digital data. Such an approach enables a comprehensive assessment of the factors influencing the
distribution of Tulipa greigii populations and provides scientifically grounded recommendations for the conservation of
natural habitats and the sustainable development of ecotourism.
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MATERIALS AND METHODS

The object of this study is the Turkistan Region, located in the mid-Ilatitudes of Central Eurasia. The region
encompasses the eastern part of the Turan Lowland and the western ridges of the Tien Shan Mountains. Its total area is
approximately 117,300 km?, covering a vast territory in southern Kazakhstan. Turkistan Region borders Ulytau Region to the
north, Kyzylorda Region to the west, Zhambyl Region to the east, and the Republic of Uzbekistan to the south. The study area
is characterized by a complex terrain formed through various geological and geomorphological processes. The region’s natural
features are distinguished by diverse landscapes, including lowland plains, plateaus, mountain systems, and sandy deserts.

The vegetation cover is divided into desert, semi-desert, steppe, and mountainous zones (Akhmetova et al., 2024).

No. 1 - Karatau ridge

No. 2 — Ordabasy district

No. 3 - Kazygurt Mountain

No. 6 — High Kaskasu area

No. 4 - Shubaykyzy! hilly area

Figure 1. Photogeographical map of the study sites in the Turkistan Region (Source: Basemap imagery
from Esri, Maxar, Earthstar Geographics (ArcGIS Online, 2025); photographs from the author’s field archive (April 2024)

In order to comprehensively assess the distribution of Tulipa greigii and evaluate the ecological condition and value of
the region’s natural landscapes, six primary research sites (No. 1-6) were identified (Figure 1, Table 1).

Table 1. Main research directions in the Turkistan Region (Source: Author’s fieldwork observations
(April 2024) and analytical interpretation based on previously published data (Akhmetova et al., 2024)

. . Landscape Types of Anthropogenic Total Projective Cover
Study Area Coordinates | Elevation Type Activities of Tulipa greigii, %
Karatau Range, Karatau 43°50'50"N Steppe mid- . 0
State Nature Reserve 68°30'08"E 1488 m mountains Increased recreational pressure 20-25%
A P — Anthropogenic erosion, expansion
Ordabasx D;Sgi'sg rBank of géogg%'; 366 m Desert plains | of road infrastructure, intensified 60-70%
Y agro-landscape transformation
Kazygurt Mountain, 41°49'11"N Semi-desert Degradational pasture use, soil o
Kazygurt District 69°42'07"E 1145m low mountains cover disturbance 40-50%
Shubaykyzy! Highland 42°42'54"N 964 m Forest-steppe Intensive grazing pressure, 70-80%
Area, Tulkibas District 70°03'41"E low mountains agricultural land development
Aksu Valley, Aksu-Zhabagly 0nIAan i
State Nature Reserve (SNR), %oig(ﬁg 1371 m F?rr:)iﬁ(tjamlsd Increased recreational pressure 50-60%
Turkistan Region
Upper Kaskasu Area, Sairam- 01 fimom . Development of tourist infrastructure,
Ugam State National Nature %o(l)gig'; 1045 m hSi(IaIm Iudf:r?(gg accumulation of household waste, 30-40%
Park (SNNP) yup pasture degradation

During the research, various sources were utilized, including literature reviews, thematic and physical-geographical
maps, a 1:500,000 scale topographic map of the Turkistan Region, statistical data, remote sensing datasets, scientific
research findings, and Maxar satellite imagery from 2024.
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The study aimed to determine the distribution of Tulipa greigii using spatiotemporal monitoring methods and
Geographic Information Systems (GIS), to analyze anthropogenic factors affecting its spatial differentiation, and to
scientifically evaluate the potential for conserving the species through ecotourism development.

Field methods included floristic description, photogeographical mapping, sampling, and soil analysis. Floristic analysis
was used to identify the flora of the study area, determine the distribution range of plant species, and estimate population
density. Photogeographical mapping illustrated the geographical location and spatial distribution of plant species based on
photographs and geographic data. The distribution areas of Tulipa greigii, as well as nearby roads, hotels, and other
elements of tourism infrastructure, were identified. Using GIS, the spatial distribution of Tulipa greigii and the influence of
ecological and anthropogenic factors were assessed. Sentinel-2 and Landsat 8 satellite data were used to map the
distribution of the species. Direct assessment of Tulipa greigii population conditions is methodologically limited due to
seasonal changes, climatic factors, and anthropogenic influences. Therefore, indirect evaluation of its habitat was
conducted using the Normalized Difference Vegetation Index (NDVI), which quantifies the level of photosynthetic activity
and biomass development in vegetation. This index served as a basis for assessing the suitability of ecological conditions
within the distribution area of Tulipa greigii (Pettorelli et al., 2005). The Normalized Difference Vegetation Index (NDVI)
is a key indicator used to assess the photosynthetic activity of vegetation.

The calculation of NDVI is based on the difference in reflectance between the near-infrared (NIR) and red (RED)
spectral bands. The index is computed using the following formula (1) (Liu et al., 2015):

NDVI = NIR—-RED (1)
NIR+RED

Where: NDVI — Normalized Difference Vegetation Index; NIR — Reflectance in the near-infrared spectral region;

RED - Reflectance in the red spectral region. This ratio allows for the assessment of the photosynthetic activity of
vegetation cover. The NDVI values range from -1 to 1 and are influenced by vegetation density and growth intensity.

NDVI interpretation: 0.6 < NDVI < 1.0 — Very dense vegetation cover, high photosynthetic activity;

0.2 <NDVI < 0.6 — Moderate vegetation cover, normal photosynthetic activity; 0.0 < NDVI < 0.2 — Sparse vegetation;

-0.1 <NDVI < 0.0 — Bare surfaces (e.g., sand, rock, asphalt); NDVI <-0.1 — Water bodies or ice cover

The NDMI (Normalized Difference Moisture Index) was used to assess vegetation moisture content. The
spatiotemporal variations of these indices served as key indicators in characterizing the moisture conditions within the
distribution range of Tulipa greigii. NDMI is an important index for evaluating vegetation moisture and water stress. It
quantifies the water content in vegetation and soil based on satellite multispectral data and reflects the hydration state of
plant cover. NDMI is calculated using reflectance values from the near-infrared (NIR) and shortwave infrared (SWIR)
spectral bands. The formula for NDMI is given as follows (2) (Lykhovyd & Sharii, 2024):

NDMI = NIR—-SWIR (2)
NIR+SWIR

NDMI — Normalized Difference Moisture Index; NIR — Reflectance in the near-infrared spectral region;

SWIR — Reflectance in the shortwave infrared spectral region.

NDMI values range between -1 and 1 and allow for the evaluation of vegetation moisture levels.

NDMI interpretation: NDMI < -0.8 — Extremely dry soil areas, bare land with no vegetation

-0.8 <NDMI < -0.4 — Areas with sparse vegetation or desert regions

-0.4 <NDMI < 0.0 — Vegetated areas with high water stress

0.0 < NDMI < 0.4 — Normal vegetation cover with low to moderate water stress

0.4 <NDMI < 1.0 — Healthy vegetation cover, no water stress or areas with excess moisture

The NDMI index is widely used in agriculture, water resource management, drought monitoring, and natural ecosystem
observation. It enables long-term assessment of vegetation moisture conditions and supports the forecasting of ecological
changes. Currently, ecotourism is considered one of the key tools for ensuring nature conservation and sustainable
development. In this context, statistical data on domestic tourism (residents) and inbound tourism (non-residents) were
analyzed. To refine the findings, the ecotourism potential of Tulipa greigii was assessed through the analysis of social
media data. A systematic analysis of information from TikTok and Instagram revealed the dynamics of public interest in
Tulipa greigii, its position in the information space, and its role in ecotourism development.

During the study, statistical data on domestic and inbound tourism were obtained from the official website of the
Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan. These data
were subjected to dynamic analysis. Additionally, structured data from social media platforms were collected and analyzed
using tools such as Tweepy, Instaloader, and TikTokApi.

— A guantitative-statistical analysis of hashtag indicators was conducted.

— Data related to frequently used hashtags, views, and likes associated with Tulipa greigii on TikTok and Instagram
were compiled. The spatial distribution and level of informational coverage of these indicators were assessed to
characterize the tulip's popularity and position within the digital information ecosystem. Spatial-analytical mapping of
geographic data — Based on geolocation data from social media posts, areas of ecotouristic appeal related to Tulipa greigii
were mapped. This allowed for the identification of regional features of public interest in native flora and helped determine
potential directions for the development of ecotourism. The results of the analysis laid the foundation for a comprehensive
assessment of the ecological and touristic value of Tulipa greigii, provided insights into the dynamics of its popularity in
society, and supported the development of sustainable ecotourism strategies with consideration of regional landscape
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characteristics. These findings contribute to the systematization of nature conservation efforts aimed at preserving the
bioecological significance of tulips and inform the development of a scientifically grounded ecotourism concept.

RESULTS AND DISCUSSION

Tulipa greigii is distributed across the foothills and low-mountain areas of the Turkistan Region, particularly along the
base of the Western Tien Shan and Karatau Ranges (Akhmetova et al., 2024) (Figure 2).
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Based on our field research, the distribution range of the species includes the Ordabasy District (along the Arys River),
the Upper Kaskasu area (Sairam-Ugam State National Nature Park), the Karatau Range (Karatau State Nature Reserve), the
Shubaykyzyl Highland area (Tulkibas District), and the Aksu Valley (Aksu-Zhabagly State Nature Reserve). In these
locations, populations of Tulipa greigii were recorded, and detailed data were collected on their precise coordinates,
elevation, slope exposure, landforms, soil types, and vegetation cover characteristics. The findings confirmed that Tulipa
greigii predominantly occurs in mountainous landscapes (Kubentayev et al., 2024; Sutula et al., 2024).

The mountainous regions of the Turkistan Region are characterized by a diverse soil cover, including mountain gray-
brown, meadow-gray, chestnut, gray-chestnut, and slightly humified brown soils. These soil types directly influence the
distribution of Tulipa greigii, as they affect moisture retention, nutrient availability, and granulometric composition—
factors essential for the species' growth and survival (Eker et al., 2024). The study results describe the spatiotemporal
distribution patterns of Tulipa greigii and provide both quantitative and qualitative assessments of the ecological and
anthropogenic factors influencing its population dynamics. Evaluation of the spatial dynamics of tulip populations revealed
a heterogeneous distribution pattern, depending on various ecological gradients. Using global land cover and land use
change data from the Landsat archive, the transformation of landscape structure in the Turkistan Region and its impact on
the distribution of Tulipa greigii were analyzed (Figure 3) (Debnath et al., 2023).

Land cover was classified into categories such as short vegetation, persistent tree cover, post-disturbance trees, seasonal
water bodies, permanent snow/ice, permanent water, croplands, and built-up areas (Orlikowska et al., 2018).

Increased anthropogenic pressure has led to habitat loss, reduced population density, and limited ecological plasticity of
the species (Berdenov et al., 2015). Specifically, land cultivation, grazing pressure, and infrastructure development reduce
the regenerative potential of Tulipa greigii and intensify habitat fragmentation across its distribution range.

The study comprehensively analyzed the spatiotemporal distribution patterns of Tulipa greigii, along with variations in
the Normalized Difference Vegetation Index (NDVI) and the Normalized Difference Moisture Index (NDMI), which
characterize the condition of vegetation cover within its habitat (Figures 4 and 5).

Direct assessment of the population status of Tulipa greigii presents certain methodological challenges, as its
distribution dynamics are highly dependent on seasonal changes, climatic conditions, and anthropogenic influences. In this
regard, an indirect assessment of the species' ecological condition was conducted by evaluating the vegetation activity in its
habitat using the NDVI index. This index quantifies the photosynthetic activity and biomass development of vegetation,
thereby enabling the evaluation of ecological suitability within the distribution range of Tulipa greigii. Additionally,
analysis of the NDMI index enables the evaluation of ecosystem stability by determining the moisture levels of vegetation
cover. A comprehensive spatiotemporal analysis of NDVI and NDMI dynamics provides a basis for identifying the ecological
requirements of T. greigii, clarifying its distribution characteristics, and assessing the influence of environmental factors.
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Figure 4. Assessment of Tulipa greigii distribution in the Turkistan Region based on the NDVI index (2022—-2024) (Source: Map
compiled by the author using Landsat satellite imagery and spatial analysis in ArcGIS (April 2024)

Moisture levels and water stress were assessed using the NDMI index (Figure 5). According to the results, higher
NDMI values were observed in natural landscapes with optimal moisture conditions, whereas lower values were associated
with agricultural and degraded areas experiencing higher levels of anthropogenic impact.

In Research Site No. 1 (Karatau Range, Karatau State Nature Reserve), NDVI values ranged from 0.31 to 0.79 and
NDMI from 0.22 to 0.43 in 2022, indicating good moisture availability and vigorous plant growth. In 2023, NDVI values
declined to 0.30-0.63, while NDMI values ranged between 0.14 and 0.33, reflecting the impact of seasonal drought and
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water deficit. In 2024, NDVI increased to 0.89 and NDMI to 0.29-0.5, demonstrating recovery of vegetation cover and
stability of the ecosystem. In Research Site No. 2 (Ordabasy District, Arys River), NDVI values in 2022 ranged from -0.4
to 0.031, and NDMI from -0.56 to 0.008, indicating vegetation degradation and water scarcity. In 2023, NDVI ranged from
-0.2 to 0.046, and NDMI decreased to -0.62 to -0.12, signaling further ecosystem decline. In 2024, NDVI dropped again to
-0.26-0.02, while NDMI values ranged from -0.37 to -0.02, indicating persistent vegetation stress and degradation.
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Figure 5. NDMI-based assessment of Tulipa greigii distribution in the Turkistan Region (2022—-2024)
(Source: Map compiled by the author using Landsat satellite imagery and spatial analysis in ArcGIS (April 2024)

Additional analyses were conducted to determine the causes of low index values. These were based on satellite
images from the Copernicus Sentinel program (2022-2023) and the Apollomapping database (2024) (Figure 6).
Comparative analysis revealed that in 2022, during the spring plowing season, Tulipa greigii habitats were significantly
damaged. In 2023, governmental monitoring and protective measures were implemented. By 2024, enhanced
conservation efforts included additional monitoring and ecological stabilization measures.

. 2023 2024
——————— Total projective cover area of Tulipa greigii
Figure 6. Tulipa greigii distribution based on Sentinel (2022—-2023) and Apollomapping (2024) data

Comparative analysis with satellite imagery and 2024 field data showed that Tulipa greigii cover increased by 60—70%,
demonstrating the effectiveness of conservation measures. These results highlight the restoration of vegetation cover in
some areas while also indicating continued anthropogenic pressure in others. In Research Site No. 3 (Kazygurt Mountain,
Kazygurt District), NDVI values in 2022 ranged from 0.22 to 0.79, and NDMI from 0.22 to 0.43, indicating a healthy
vegetation cover and sufficient moisture. In 2023, NDVI decreased to 0.22-0.63, while NDMI dropped to 0.14-0.33, likely
due to changing climatic conditions. In 2024, NDVI increased to 0.89 and NDMI to 0.29-0.5, reflecting a recovery in
vegetation. Although water stress showed seasonal fluctuations, overall vegetation cover remained stable.

In Research Site No. 4 (Shubaykyzyl Highland Area, Tulkibas District), NDVI values in 2022 were between 0.31 and
0.79, and NDMI between 0.22 and 0.43, indicating vegetation stability. In 2023, NDVI decreased to 0.30-0.63 and NDMI
ranged from 0.14 to 0.33, suggesting the effects of drought. In 2024, NDVI rose to 0.89, and NDMI ranged from 0.29 to
0.5, indicating vegetation recovery. In Research Site No. 5 (Aksu Valley, Aksu-Zhabagly State Nature Reserve), NDVI in
2022 ranged from 0.22 to 0.79 and NDMI from 0.22 to 0.43, indicating a stable vegetation cover. In 2023, NDVI dropped
to 0.22-0.63 and NDMI to 0.14-0.33, reflecting seasonal drought effects. In 2024, NDVI reached 0.89 and NDMI 0.29-
0.5, showing favorable moisture conditions for vegetation. This area is favorable for the distribution of Tulipa greigii, as
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the vegetation cover demonstrates resilience and ecological stability. In Research Site No. 6 (Upper Kaskasu, Sairam-Ugam
State National Nature Park), NDVI values in 2022 ranged from 0.22 to 0.79 and NDMI from 0.22 to 0.43, indicating stable
vegetation cover. In 2023, NDVI decreased to 0.22-0.63 and NDMI ranged from 0.14 to 0.33, reflecting the impact of
seasonal drought. In 2024, NDVI rose to 0.89 and NDMI reached 0.29-0.5, indicating ecosystem stability and ongoing
recovery processes. In the areas of No. 1 Karatau Range, No. 3 Kazygurt Mountain, No. 4 Shubaykyzyl Highland, No. 5 Aksu
Valley, and No. 6 Upper Kaskasu, the vegetation cover remained stable, demonstrating resilience to drought conditions.

In contrast, Research Site No. 2 (Ordabasy District) showed signs of vegetation degradation, high anthropogenic
pressure, and significant moisture deficiency. While seasonal drought impacted all regions, signs of vegetation recovery
were observed across sites in 2024. These results contribute to identifying areas with adequate vegetation moisture supply,
assessing the effects of drought, and determining ecologically favorable zones for the distribution of Tulipa greigii.

The long-term dynamics of NDVI and NDMI indicators provide insights into the ecological stability of various regions.
These findings offer a valuable scientific basis for future nature conservation planning and forecasting the impacts of
climate change. The dynamics of tourism development in the Turkistan Region for the period 2022-2024 (based on
indicators from January to June) were also analyzed. According to statistical data, the number of international tourists
increased by 45.6%, while domestic tourism rose by 18.5% in 2024, following a temporary decline in 2023. This growth is
attributed to the effective utilization of the region's natural landscape potential and infrastructure capabilities (Figure 7) (https:
[Istat.gov.kz/region/turkestan/). The spatial attractiveness of the Turkistan Region and its popularity on social media contribute
to the sustainable development of ecotourism. However, there is a need to improve infrastructure and informational support.
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Figure 7. Infrastructure map of the Turkistan Region (Source: Basemap imagery derived from Esri, HERE, Garmin, USGS,
OpenStreetMap contributors, and the GIS User Community. Infrastructure layers and road networks were
supplemented using Google Maps and validated through field-based observations conducted by the author (April 2024)

An analysis of social media platforms was conducted using the hashtags #GreigiiTulip, #TurkistanTulip,
#TulipTurkistan, and #EcotourismTurkistan on TikTok and Instagram (Figure 8). On Instagram, the number of posts with
the hashtag #GreigiiTulip decreased from 95 in 2022 to 36 in 2023, and then increased to 71 in 2024. On TikTok, the
figures were 49 (2022), 88 (2023), and 57 (2024), reflecting seasonal fluctuations in audience interest.

The hashtag #TurkistanTulip on Instagram reached 59 posts in 2024, an 18% increase compared to 2023. On TikTok,
the number of posts was 55 in 2022, 41 in 2023, and 80 in 2024. Both #TulipTurkistan and #EcotourismTurkistan showed
growth on both platforms in 2024. In terms of views, TikTok experienced growth across all hashtags in 2024. Specifically,
#GreigiiTulip received 1,934 views (up 26%), #TulipTurkistan — 1,989 views (up 18%), and #EcotourismTurkistan — 1,734
views (up 19%). On Instagram, #GreigiiTulip received 1,898 views (a 53% increase compared to 2022), while
#TurkistanTulip had 1,875 views (a 5% decrease compared to 2023). Regarding the number of likes, #GreigiiTulip
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received 762 likes on TikTok (a 12% decrease) and 789 likes on Instagram (a 4% decrease). Meanwhile,
#EcotourismTurkistan on TikTok saw 953 likes (up 21%), and #TurkistanTulip on Instagram had 1,091 likes (up 19%).

As for comments, the hashtag #TulipTurkistan reached 528 comments on TikTok in 2024, marking a 49% increase
compared to 2023. On Instagram, #TurkistanTulip accumulated 541 comments, a 29% increase. These indicators highlight
strong audience engagement with topics related to ecotourism and tulips, and demonstrate the effectiveness of TikTok's
hashtag distribution algorithm. From 2022 to 2024, content related to tulips in the Turkistan Region gained steady
popularity. Views on TikTok increased significantly for #GreigiiTulip and #TulipTurkistan, while on Instagram,
#TurkistanTulip led in terms of likes. On TikTok, #TulipTurkistan became a trending hashtag in terms of comments.
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Figure 8. Social media analysis of hashtags related to Tulipa greigii on TikTok and Instagram (Source: Data were manually collected
in April 2024 from public TikTok and Instagram posts using hashtags #GreigiiTulip, #TulipTurkistan, and #EcotourismTurkistan)

To enhance outreach, it is recommended to improve TikTok content strategies and establish more consistent content on
Instagram. The popularity dynamics of ecotourism areas in the Turkistan Region are as follows: Karatau Range, Karatau
State Nature Reserve — This area attracts mountain tourism enthusiasts; however, its popularity remained steady between
2022 and 2024. Ordabasy District, along the Arys River — Domestic tourism has shown notable development. While
popularity was low in 2022, it increased by 50% in 2023 and reached 75% in 2024, reflecting growing interest in
ecotourism in the region. Kazygurt Mountain, Kazygurt District — The area maintained stable popularity from 2022 to 2024.
Despite its unique tulip species and natural features, it remains underrepresented on social media and in tourism promotion
programs. Shubaykyzyl Highland Area, Tulkibas District — This site was especially popular in 2022-2023. However, its
popularity declined in 2024 due to the implementation of restrictions following its designation as a protected area.

Aksu Valley, Aksu-Zhabagly State Nature Reserve — One of the key destinations for mountain tourism. In 2022, its
popularity was moderate (50%), with steady growth in 2023-2024 reaching 60%.

Upper Kaskasu Area, Sairam-Ugam National Nature Park — Popularity stood at 60% in 2022, increasing to 65% in 2023
and reaching 70% in 2024. This area continues to attract steady interest from ecotourists.

The study results identified the ecotourism potential of the Turkistan Region and emphasized the need to develop
tourism routes related to Tulipa greigii. The rising popularity of the region’s natural landscapes on social media supports
the promotion of ecotourism; however, improvements in infrastructure and informational support are still required (Ilies
et al., 2022). In this regard, the implementation of the following recommendations will contribute to the sustainable
development of ecotourism: Development of a “Tulip Route™: It is recommended to design dedicated tourist routes that
encompass the main ecotourism sites of the Turkistan Region, including the Shubaykyzyl Gorge, Sairam-Ugam National
Park, and Kazygurt Mountain. This route would allow for the exploration of tulip habitats through organized eco -tours
while incorporating nature conservation measures. Strengthening conservation measures: To preserve the ecological
significance of tulips, it is proposed to organize a "Tulip Festival." This event would promote the protection of natural
tulip habitats and raise the ecological awareness of local communities. In addition, wide coverage of the festival through
social media platforms would help promote the biological importance of tulips.

Developing a social media strategy: To promote ecotourism in the Turkistan Region, it is recommended to launch
targeted ecotourism campaigns on popular platforms such as TikTok and Instagram. Collaborating with bloggers and
eco-tourism influencers to produce multimedia content showcasing the region's natural landmarks can increase tourist
flow. Improving tourism infrastructure: In areas such as the Shubaykyzyl Gorge and Kazygurt Mountain, it is necessary
to develop recreational zones, install directional signage, and place informational billboards to ensure a comfortable
experience for ecotourists. These actions are essential for ensuring tourist safety and maintaining ecological
sustainability. By implementing the above measures, it is possible to develop sustainable ecotourism in the Turkistan
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Region centered around Tulipa greigii. This will not only contribute to the conservation of biodiversity but also enhance
the region’s touristic appeal and positively impact the local economy.

CONCLUSION

The study identified the spatiotemporal distribution characteristics of Tulipa greigii within the natural landscapes of
the Turkistan Region. The species’ distribution and habitat conditions were assessed using NDVI and NDMI indices,
which helped determine vegetation status and moisture availability across different research sites.

In the areas of Karatau, Kazygurt, Shubaykyzyl, and Aksu Valley, NDVI values ranged from 0.63 to 0.89 and NDMI
from 0.29 to 0.5, indicating ecological stability of habitats. In contrast, the Ordabasy District recorded low NDVI (-0.26
to 0.02) and NDMI (-0.62 to -0.02) values, reflecting intensified degradation processes.

Official statistical data from 2022 to 2024 showed consistent growth in ecotourism within the Turkistan Region.

The number of inbound (international) tourists increased by 45.6%, and domestic tourism rose by 18.5% in 2024
following a temporary decline in 2023. This growth reflects the effective utilization of the region's natural landscape
features and infrastructure potential. Hashtag analysis on social media platforms indicated increasing public interest in
Tulipa greigii and ecotourism. In 2024, the number of posts, views, and comments using hashtags such as #GreigiiTulip,
#TulipTurkistan, and #EcotourismTurkistan grew across TikTok and Instagram, confirming audience engagement with
ecotourism topics. The #TulipTurkistan hashtag reached 528 comments on TikTok, a 49% increase, while
#TurkistanTulip garnered 1,091 likes on Instagram in 2024, showing a 19% rise. These results highlight the
informational influence of social media and its importance in promoting ecotourism.

The conducted spatiotemporal analysis confirmed that the distribution of tulips and ecosystem stability are directly
influenced by climatic and anthropogenic factors. The study outcomes can serve as a basis for developing comprehensive
strategies in ecological monitoring, conservation of natural populations, and the sustainable development of ecotourism.

If you have any suggestions or feedback, we are open to considering them with great care—your input is important
to us and contributes to the expansion of our scientific perspective. This study was conducted based on the integration of
spatiotemporal modeling, satellite remote sensing data, field survey results, and social media information obtained from
digital platforms. However, several methodological limitations were identified.

First, the ecological assessment of Tulipa greigii distribution was limited to field expeditions conducted during the
flowering period (April), which does not allow for capturing the full spectrum of seasonal dynamics.

Second, the social media data were based on user digital engagement and do not reflect actual ecotourism flows,
potentially limiting the representation of structural patterns of regional tourism.

Third, the relationship between landscape structure and anthropogenic factors was assessed indirectly using spatial indices
and visual interpretation, which may require broader analysis if complemented by detailed local socioeconomic data.
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