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Abstract. The relevance of the study was conditioned by the need for standardised, reproducible, and
geospatially linked monitoring of invasive alien plant species in the complex mountain landscapes of the
Carpathian National Nature Park, where the combination of high-altitude zoning, diversity of habitats,
and natural and anthropogenic distribution corridors creates increased risks of their naturalisation
and expansion. The purpose of the study was to create a standardised questionnaire to unify the
process of recording data on invasive species, ensure correct geospatial binding of observations, and
establish prerequisites for their further spatial analysis in the ArcGIS environment. The survey form,
developed in ArcGIS Survey123, covered a wide range of ecological, biological, and abiotic parameters,
including data on the taxonomic affiliation of the species, projective coverage, ontogenetic state of
the population, soil characteristics, microclimatic indicators, and the level of anthropogenic impact.
The proposed approach allowed improving the accuracy of monitoring invasive species and integrating
the data obtained into national observation databases. The design of the questionnaire was based on
the principles of maximum compatibility, followed by analysis in a geographic information system and
publication in global biodiversity repositories. This approach opened up the possibility of comparative
analysis, merging with citizen observations, and using data to assess risks and prioritise invasion
responses. Methodically, the questionnaire covered 8 logical sections: (1) general information and geo-
linking; (2) description of the site with classes of ecosystem types in accordance with contemporary
global typology; (3) characteristics of the population of an invasive species, including area, density,
age structure, dynamics; (4) ontogenetic spectrum with quantitative accounting by stage; (5) soil and
microclimatic indicators with the possibility of field determination of acidity and humidity; (6) threats
and damage to plants and ecosystems; (7) soil litter as a potential seed bank; (8) additional comments
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and photo documentation. It provided for collecting photos from different angles, uploading them with
spatial reference to records, and forming a complete digital footprint for further quality audit

Keywords: phytoinvasions; monitoring; alien species biota; habitats; biodiversity; ecosystems; nature

reserve fund

INTRODUCTION

Invasive alien plant species (IAPS) are one of the
key factors for biodiversity loss and ecosystem dis-
ruption, which necessitates their early detection,
systematic monitoring, and coordinated manage-
ment, particularly at the level of protected areas
(IUCN, 2020). Invasive species can significantly
transform the structure of natural communities,
displace native flora, disrupt biogeochemical cy-
cles and trophic relationships, and reduce the
ecological stability of biocoenoses. As noted by
P.P. Nasadiuk & Z.I. Mamchur (2025), in the Eu-
ropean policy and management context, the in-
vasion response framework is supported by taxon
lists and prevention, early detection, and manage-
ment procedures, further highlighting the impor-
tance of standardised primary data. For mountain
ecosystems of the Carpathians, the urgency of the
problem is compounded by the mosaic of high-al-
titude belts, the variety of habitat types, and recre-
ational load, which forms multidirectional vectors
of IAPS propagation along linear corridors (roads,
trails, river valleys), as emphasised by L.A. San-
toianni et al. (2024). The study by M. Renco et
al. (2024) showed that roadsides and hiking trails
act as important linear corridors for the distri-
bution of atypical, in particular, invasive flora
elements in natural ecosystems. Violation of the
soil cover, changes in the microclimate, increased
illumination and regular anthropogenic impact
create favourable conditions for the penetration,
consolidation, and further spread of alien species,
which can lead to transformation of the species
composition of plant communities and changes in
the structure of local biocoenoses.

K. Najberek et al. (2024) noted that moun-
tain roads act as key corridors for the spread of
invasive plants, as soil disturbances and other
anthropogenic factors near roads significantly
increase the likelihood of alien species appear-
ing. It was found that their distribution is most
often associated with warm, well-lit and dis-
turbed ecosystems, while natural communities
far from roads have higher resistance to invasion.
Analysis by P.K. Rai & ].S. Singh (2020) focuses on

the environmental, socio-economic, and medical
implications of the spread of invasive alien plant
species. The researchers found that such species
significantly alter the structure of ecosystems,
reduce biodiversity, disrupt ecosystem services,
and can pose risks to human health, highlighting
the need for integrated approaches to their mon-
itoring and management. For the Carpathian re-
gion, one of the illustrative examples is the influ-
ence of Impatiens parviflora in beech forests. For
the territory of the Carpathian National Nature
Park (CNNP), the issue of detection and control
of invasive species is of particular importance,
given its importance for the preservation of nat-
ural ecosystems, the protection of rare, relict, and
endemic plant species, and for the tourist attrac-
tiveness of the territory and the high number of
visitors throughout the year (Danko et al., 2024).
Despite the high scientific value of this territory,
information on the distribution of IAPS within
the CNNP remains limited and fragmented.

As emphasised by E.M. Geurts et al. (2023) and
P.P. Nasadiuk & Z.I. Mamchur (2025), the available
open observation platforms (in particular GBIF,
iNaturalist, UkrBIN) provide an important array
of data, but in mountainous areas there are often
spatial gaps and heterogeneity of collection pro-
tocols, which makes it difficult to compare and
use records in application management. This, in
turn, creates the basis for population analysis of
time series construction and dynamic modelling
(subject to long-term surveys), including assess-
ment of ecosystem characteristics, quantitative
assessment of the effects of invasive transformer
species and indication of changes in the provision
and maintenance of ecosystem services. In turn,
R. Montagnetti & G. Guarino (2021) described the
benefits of using the QField mobile application for
field geo-linked data collection, in particular, that
it allows transferring projects from desktop GIS
(QGIS) to Android devices, significantly reducing
the time and cost of data entry, eliminating the
need for paper documentation, and providing ef-
ficient digital registration and analysis of spatial
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information directly in the field. As noted by
M. Silva del Pozo et al. (2023), the development of
a digital questionnaire that combines standard-
ised field protocols with a geographic information
system (GIS) and a GIS-oriented data structure
and the ability to publish in open repositories is a
prerequisite for effective monitoring and adaptive
management of bioinvasions. The purpose of the
study was to develop and substantiate a GIS-ori-
ented digital questionnaire for monitoring invasive
plants in CNNP with the integration of geoanaly-
sis and the preparation of data for open exchange.

MATERIALS AND METHODS
The questionnaire “Populations — field study of
invasive plants on the territory of CNNP” was de-
signed specifically for the conditions of the CNNP,
taking into consideration orography, slope expo-
sures, altitude zones, and a set of habitats char-
acteristic of the park territory. The terminology
of relief elements (ridge, slope, foothill, hollow,
scree, terrace, shoreline), and soils and habitats
was established based on generalised data on
abiotic conditions and nature chronicles of the
park, in particular, R.L. Kravchynskyi et al. (2025)
and Carpathian National Nature Park (n.d.). The
standardised design of the questionnaire com-
bined population indicators (density, generativity,
age structure, if necessary — vital elements) with
a phytocoenotic context (Braun-Blanquet tiering
and coverage) and related abiotic characteristics
(soil, microclimate, habitat type). The develop-
ment of the questionnaire was based on meth-
odological recommendations for field research
developed by the Ivan Franko Lviv National Uni-
versity and supplemented with author’s themat-
ic blocks. The questionnaire was implemented in
the ArcGIS Survey123 environment, which is one
of the ArcGIS Pro products as a mobile form with
the ability to collect and then synchronise data of-
fline. The design of the field structure, their bind-
ing nature, and response types was carried out in
accordance with the recommendations of the plat-
form for creating questionnaires and managing
geo-linking/media data — ArcGIS Survey123 (n.d.).
The choice of Survey123 was conditioned by full
compatibility with GISenvironment: export of data
to tabular formats (CSV/Excel), file geobases, and
Feature Layer, followed by analysis and mapping
in ArcGIS Pro (with the connection of background

layers, digital terrain models, cadastral and the-
matic layers). The form contained 9 sections:

1. General data: executor, date/time (auto-
matically).

2. Site description: Site description included
geomorphological and microrelief features, ex-
posure, steepness, altitude, and classification of
the ecosystem type. For the typification of eco-
systems, consistent classes were used, correlated
with the functional typology of Earth ecosystems
in accordance with D.A. Keith et al. (2022). The
size of the accounting (model) area was set by a
discrete set of standard sizes, which was consist-
ent with approaches to choosing the size of test
areas in European phytosociological practice, in
particular by M. Chytry & Z. Otypkova (2003).
The spatial boundaries of the “study area” were
fixed by a polygon or point on the map, which
corresponded to detailed mapping approaches
for studying the structure of populations and the
spatial grouping organisation by M.B. Gaponenko
& A.M. Gnatiuk (2013).

3. Population characteristics: taxon (Lat./
Eng.), the degree of invasiveness, including the
“transformer” category (according to V.V. Pro-
topopova & M.V. Shevera (2019)), habitat area, den-
sity within the model plot, age structure, presence
of generative individuals, assessment of dynamics
during repeated visits. The methodological basis
for the establishment of these blocks was made up
of recommendations on population ecology and
methodology for studying plant populations by
0.S. Abduloieva & N.I. Karpenko (2012), L. Zavialo-
va (2019), V. Kyyak & A. Malynovsky (2020).

4. Ontogenetic spectrum: quantitative ac-
counting by stage s, p, j, im, v, g1-g3, ss, s, allowed
assessing the progression of invasion, interpreting
the life state of the population, its recovery, and
potential expansion trajectory. If necessary, it is
possible to use an algorithm for assessing the vi-
tality of individuals and the vitality structure of
populations. The combination of the ontogenetic
spectrum with vital approaches provides a transi-
tion from a static “section” to a dynamic assess-
ment of population processes.

5. Coverage and phytocoenotic context as-
sessment: the Braun-Blanquet coverage scale with
separate sub-blocks for tree, shrub, grass, moss-li-
chen tiers and the proportion of areas without
vegetation was used to assess the participation of
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invasive species and vertical vegetation structure.
The field application of the scale was consistent
with the standard Braun-Blanquet operating
procedure and contemporary approaches to its
interpretation by LV. Prystupa (2017), Realising
dynamic value... (2021). Accounting for coverage
by Braun-Blanquet for different tiers of vegeta-
tion allowed transferring the results to the plane
of phytosociological descriptions and comparing
them between locations and seasons.

6. Soil and microclimatic parameters: soil
type, field humidity (touch test/instrument), pH,
soil and air temperature, illumination, fertility
indicators, sampling methods and measurement
accuracy requirements were consistent with the
guidelines for harmonised soil monitoring and
field description by N. Cools & B. De Vos (2020).

7. Threats and damage: erosion, flooding,
fires, windbreaks, grazing, recreational load, for-
estry activities, etc. — in the logic of the link “dis-
turbance factors — habitat vulnerability”, consid-
ering the role of linear corridors and attendance in
the spread of IAPS. The list of threats was checked
against local sources of CNNP and for zoning vul-
nerabilities in habitats, including R.L. Kravchyn-
skyi et al. (2025) and Carpathian National Nature
Park (n.d.). The TAPS risk assessment was provid-
ed in accordance with the guidelines of Order of
the Ministry of Environmental Protection and
Natural Resources of Ukraine No. 290 (2024) and
Environmental Impact Classification for Alien
Taxa (EICAT) IUCN (2020).

8. Soil litter: thickness, composition, degree of
decomposition, humidity, presence of seedlings/
seeds of IAPS. The block was critical for transform-
er species that modify phytocoenoses through
seed banks and changes in fuel load; methodo-
logical guidelines - International Co-Operational
Programme on Assessment and Monitoring of Air
Pollution Effects on Forests (ICP Forests, n.d.) and
field guidelines for soil description, and classifica-
tion of high activity of invasive species, in particu-
lar by H.E. Roy et al. (2024).

9. Additional comments/media to clarify the
context of the post.

The spatial boundaries of the study area were
fixed by a polygon on the map; model areas were
defined by discrete dimensions (0.5 x 0.5; 1 x 1;
2x2; 5x5; 10 x 10 m), which corresponds to the
practice of European phytosociological studies
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by J. DanielFerreira et al. (2024) and M. Chytry
& Z. Otypkova (2003). For linear sections (road-
sides/trails, river valleys), the route bypass was
combined with detailed cell mapping, according
to the method of spatial analysis of populations
by M.B. Gaponenko & A.M. Gnatiuk (2013). The
inclusion of corridor habitats was supported by
empirical data on the role of infrastructure in the
spread of IAPS provided by M. Jurisic¢ et al. (2023)
and J. DanielFerreira et al. (2024). There were:
mandatory fields for key attributes; questions
with standardised answer options; photo record-
ing from different angles; automatic recording of
coordinates/altitude/time; export to tables and
GISlayers for further analysis in ArcGIS Pro (in-
cluding the connection of DEM, soil, hydrographic
network, and other layers).

The developed electronic questionnaire was
tested in June-August 2025 on the territory of the
CNNP. Testing was conducted along designated
hiking trails within the regulated recreation zone,
specifically at the following locations: Divochi
Slozy, Animal enclosure farm, Dovbush Trail, Pol-
onyna Borsuchyna, Mount Yahidna, Mount Ma-
kovytsia, Polonyna Chornohorytsia, the Rudiak
raised bog, and partially along the routes to Mount
Hoverla and Mount Shpytsi Additionally, the study
covered areas of stationary recreation, including
the recreational sites Zhonka, Berizhok, Bohon-
chyk, Tyrlych, Zarosliak, Lisnychivka, Hoverla,
Dzherelo, Zhenets, Vorotyshche, and the trout
farm of the Hoverlianske Forestry and other adja-
cent territories. Field studies were conducted in a
wide altitude range and covered various types of
mountain ecosystems, in particular beech and fir-
beech forests, spruce forests of the upper moun-
tain belt, swamp complexes and coastal-aquatic
biotopes, and anthropogenically transformed hab-
itats (roadsides, forest edges, parking/recreation
areas). Such an ecosystem spectrum allowed test-
ing the functionality of the questionnaire under
conditions of different vegetation cover structure,
mosaic of habitats, and variability of microclimat-
ic parameters. Testing was carried out both in are-
as with stable cellular coverage, and in areas with
its complete or partial absence, which allowed
checking the correctness of offline data collection,
their further synchronisation, and the preserva-
tion of geospatial binding of records. Testing con-
firmed the operability of the form in various field
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conditions, including hard-to-reach mountain ar-
eas and areas of intense recreational load.

RESULTS AND DISCUSSION
The developed electronic questionnaire provides
structured recording of both individual individu-
als and full-fledged populations/foci of invasive
plant species using point and polygonal geometry.
Table 1 shows the structure of the questionnaire,

where each parameter is accompanied by a brief
instruction for field determination, and attached
photo recording samples. Due to the implementa-
tion in ArcGIS Survey123, all records are exported
to Tabular formats (CSV/Excel) and directly ex-
ported to GISenvironment as Feature Layer layers
for further mapping, spatial analysis, and attach-
ing external layers in ArcGIS Pro (terrain models,
soil models, hydrographic network models, etc.).

Table 1. Populations - field study of invasive plants on the territory of CNNP

Parameter/

Question Hint Answer/Options to choose from
General data

Rei%aéceher Text

an[ziattifne Automatically

Description of the study area

Location name

Specify the name of the area, route, or specific location

Microrelief

e Ridge - the highest line of a ridge or hill.

e Slope - sloping part of a mountain or hill.

o Foothill - lower part of the slope.

e Terrace - flat ledge on a slope or above a river.

o Hollow - depression in the terrain, often wet.

e Shoreline - areas adjacent to the riverbed.

o Rocks - open outcrops of hard rock.

e Scree - embankment of stone fragments under a slope.

Ridge/Slope/Foothill/Terrace/Hollow/
Shoreline/Rocks/Scree

Where exactly

Roadsides, trails, forests, meadows (up to 2 m

e 225° = SW (southwest)
e 270° = W (west)
e 315° = NW (northwest)
If the slope is almost flat - “plain”.

alrsetahﬁ)igigél? from the edge), forest, meadow, shoreline, etc. Text
Altitude above | If information is available, or it can be added later during GIS Number
sea level analysis
Methods:
Clinometer (or built-in compass) -
accurate measurement of the tilt angle. 0-3°
Mobile applications (for example, Clinometer, Theodolite, or 3.7
Slo GPS applications with slope detection function). 1o
pe 0-3° - plain 7-15 °
steepness 3-7° - gentle, barely noticeable slope ;g%gv
7-15° - noticeable, but easy to walk S350
15-25° - steep, requires effort
25-35° - very steep, sometimes requires support
>35° - steep slope/cliff, almost vertical
What is required: a compass or an application that detects
slope exposure on the phone.
How to determine:
1. Stand face down the slope N
(in the direction where the water flows). NE
2. Measure the azimuth (angle in degrees from north). E
3. Translate to direction: SE
Slope © 0° =N (north) S
exposure e 45° = NE (northeast) SwW
e 90° = E (east) W
e 135° = SE (southeast) NW
* 180° =S (south) Plain

Biological Systems: Theory and Innovation, Vol.
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Parameter/
Question

Nasadiuk et al.
Table 1. Continued
Hint Answer/Options to choose from
Alpine meadows/Subalpine meadows/
Scattered woodland/Coniferous forests/
Ecosystem Select Beech forests/Mixed forests/Wetlands/Rocky
type areas/Forest edges/Mountain pastures/
Water bodies/Urbanised areas/
Agricultural landscape/Other
Location I - . .
description Specify important additional information Text
Photo shared General photo of the population at the growth site Add a photo
Boundaries of | Draw a polygon on the map that marks the boundaries of the
the study area entire study area (NOT an accounting, model area) Draw a polygon on the map
Size of the 0.?:(1).5
accounting
(model) area Select é:é
(m) 10%10
Population characteristics (single plant)
Latin name of the invasive species
Taxon (dominant invasive species on the site) Text
Household L
name Ukrainian household name Text
Transformer
Highly invasive
Degree of Invasive
invasiveness Select Introduced
Naturalised
Undetermined
Population ) ) .
: Approximate area of the entire plot within
OCCUP'ezd area which accounting (model) squares are laid (m?) Number
(m?)
s - seed; p - seedling; j - juvenile; im -
immature; v - vegetative adult; g1 - generative
Stage of 1 (beginning of flowering, single flowers); g2 -
onto genesis Question only for fixing a single plant generative 2 (mass flowering); g3 - generative
8 3 (fruiting, seeds); ss - subsenile plant (ageing,
g p 8EINg,
losing generative characteristics); s - senile plant
(end of life cycle)
Age structure Mostly young/Mixed/Mostly old Text
Presence of Yes
generative Select No
individuals Other
Growing
Population This question applies only to repeated surveys of the same Stable
dynamics site conducted in different periods. If this is the first survey, Decreases
assessment the field remains empty or “Not applicable” is selected Unknown
Not applicable
P%pulapon Individuals per m? - for an accounting (model) plot Number
ensity
i — only one individual
Braun- r - single individuals, coverage <1%
Blanquet + - multiple individuals, coverage <1%
" L 2y
coverage for Select 1 numerozu_s ég(\j/g/rlguealg:zcgs/lerage 1-5%
the species 3 g 2% 5000/
under study - coverage co-o0%
4 - coverage 51-75%
5 - coverage 76-100%
0%
0
T - Braun- 1<_15$
Blanquet Tent (upper wooden tier). 6—25‘;
coverage for Tall trees that form the forest crown (spruce, beech, fir) 26-5000/0
wood tier 51-750
76-100%

Biological Systems: Theory and Innovation, Vol. 17, No. 1, 2026
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Table 1. Continued
Parameter/ q q
Question Hint Answer/Options to choose from
0%
<1%
SBI_a?wraL? eT Undergrowth 1-5%
cove?a o Bushes, young trees 0.5-5m 6-25%
g€ May also include undergrowth of tree species 26-50%
for shrub tier
51-75%
76-100%
0%
<1%
HBI_aErauLg:_ All grass species, including young seedlings <0.5 m 1-5%
cove?a o Here, the coverage of invasive species 6-25%
for rassgtier is most often determined 26-50%
& 51-75%
76-100%
0%
B - Braun- <1%
Blanquet 1-5%
coverage All herbaceous species, including young seedlings <0.5 m 6-25%
for moss- 26-50%
lichen tier 51-75%
76-100%
W - Braun- <O1U/g/
Blanquet 1_50/"
coverage 6—25‘;
for areas 26-5000/
without 51_750/2
vegetation 76-100%
Photo square of
the accounting Add a photo
(model) plot
Other invasive ) ) ) Lo
plant species Specify other invasive plant species in the study area Text
Other plant Specify other plant species in the study area Text
species
Lichens
Fungi
e
of other Mark all available groups, additional information can be Molluscs
groups provided in the following question (multiple choice) Amphibians
of organisms Rp :
eptiles
Mammals
Other
Description of
other groups
of organisms Features and names, if any, and other groups Text
(if additional | of organisms that are not specified in the previous question
information is
available)
Additional
photo Add a photo
Ontogenetic spectrum of the accounting (model) plot
s - seed Quantity per m? Number
p - seedling Number of individuals per m? Number
j - juvenile Number of individuals per m? Number
im - immature Number of individuals per m? Number
v—vscgjs}tative Number of individuals per m? Number
g1 - generative
;f(ﬁgagﬂlr?gg Number of individuals per m? Number
single flowers)
(gr%;;gseﬁg\:va;ir\ilsg% Number of individuals per m? Number
16
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Table 1. Continued

Parameter/
Question

Hint

Answer/Options to choose from

g3 - generative 3

P R
(fruiting, seeds) Number of individuals per m Number
ss - subsenile
plant (ageing, S 5

losing generative Number of individuals per m Number
characteristics)

s - senile plant P 2
(end of life cycle) Number of individuals per m Number
Photo
square of the
accounting Add a photo
(model) plot
Photo flower Photo of a plant flower (if any) or fruit (seed)
Photo sheet Close-up photo of the sheet Add a photo
Additional Additional ph h - inf . Add a ph
photo itional photo that contains important information a photo
Comment on
the population Additional information and features
structure
Soil characteristics
Specify according to the prompts below,
including additional information if necessary:
e Mountain-forest brown soils: forest zones (beech, fir,
spruce); dark brown in colour, loose in texture, high
in humus, with stony inclusions.
o Soddy-podzolic: lower parts of slopes, forest edges;
a lighter upper horizon, beneath
which lies a distinct whitish podzolic layer.
e Mountain-meadow: subalpine and alpine meadows; dark
humus horizon, well-developed turf, high moisture content.
Soil type o Peat (swamp): swamps, sphagnum areas; dark brown or Text
black colour, fibrous structure, saturated with water, elastic.
o Gravelly/stony: scree, steep slopes; a small amount
of fine soil, rock fragments predominate.
e Rendzinas (on limestone): limestone outcrops and scree;
a thin dark humus horizon over limestone fragments;
positive reaction with HCI (effervescence).
o Loams: slopes, terraces; sticky when wet, retain shape
when compressed.
e Sandy loams: scree, deluvial deposits; easily crumbling,
do not retain their shape, the sand fraction is well felt.
Dry
Moderate
Soil moisture Field touch test Wet
Waterlogged
Water on the surface
Soil pH According to the device's indicators (if any) Number
Soil moisture According to the device's indicators (if any) Number
Soil . o .
temperature According to the device’s indicators (if any) Number
Soil . e )
illumination According to the device's indicators (if any) Number
Soil fertility . e X
indicator According to the device's indicators (if any) Number
Air : e ;
temperature According to the device's indicators (if any) Number
Air humidity According to the device's indicators (if any) Number
Threats or damage to the population / ecosystem
Signs The studied and surrounding plants are withered, wilted, the Yes/No
of drought soil is hard and dry, etc.
Signs The soil is waterlogged, water on the surface, other signs
of ﬂc;goding of flooding of the site (presence of eroded soil, Yes/No

deposited sand, etc.)

Biological Systems: Theory and Innovation, Vol. 17, No. 1, 2026
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Table 1. Continued

Parameter/

decomposition

Question Hint Answer/Options to choose from
Signs Burned area, or the presence of burned bushes, trees, etc. - Yes/No
of fire except for specially designated places for bonfires
Signs - .
of soil erosion Missing/Local/Medium/Strong
Signs
of landslides ves/No
Signs
of windfall Yes/No
Signs Traces of livestock (driving cattle), Yes/No
of grazing animal droppings, grazed areas
Signs ) ) )
' : ] Garbage/Trails/Camping/Damage/Campfires/
of recreational Multiple choice Transportation/Missing/Other
stress
Signs Fresh stumps/Old stumps/Track/
of forestry/ Multiple choice Skidding tracks/Wood warehouses/
deforestation Cutting area/Sanitary logging/Other
Additional
information If necessary
Photo If necessary
Plant damage
Type . . Pests/Fungi/Gnawing/Icing/Drought/
of damage Multiple choice None/Other
Detailing of Include both natural (pests, icing) and recreational
damage (cutting, trampling)
Photo of a
damaged plant
Soil litter
Thickness Less than 1 cm/1-3 cm/3-5 cm/>5 cm
of soil litter
Litter Leaves/Needles/Grass residues/Mosses/
composition Lichens/Branches/Bark/Debris/Other
Degree of Fresh/Partially decomposed

/Fully decomposed

Litter humidity

Dry/Moderately wet/Wet

Presence of
seedlings/seeds
of invasive
species in the
litter

Yes/No

Photo

Additional comments

Additional
comments

Text

Note: GPS - Global Positioning System
Source: compiled by the authors

Table 1 contains blocks of questions about
population structure, Braun-Blanquet vegetation
cover, ontogenetic composition, related species,
soil characteristics, and anthropogenic or natu-
ral impact factors. This structure provides a sys-
tematic collection of quantitative and qualitative
data necessary for further analysis of the distribu-
tion and state of invasive plant populations. The
questionnaire is suitable for use in citizen sci-
ence programmes, considering the EU policy and

organisational framework, in particular, Com-
mission Implementing Regulation (EU) 2024/
574 (2024) and V. Lush et al. (2024). To this end,
the system features multiple-choice questions,
simple hints, mandatory photos, and geotagging
of entries. A total of 44 localities of invasive plant
populations and 36 localities of single growth of
the following invasive plants were document-
ed: Impatiens glandulifera, I. parviflora, Heracleum
sosnowskyi, Bidens frondosa, Echinocystis lobata,
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Reynoutria japonica, Erigeron annuus, E. canaden-
sis, Robinia pseudoacacia, Solidago canadensis, He-
lianthus tuberosus, Rudbeckia laciniata. Figure 1
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Figure 1. Example of a report from ArcGIS Survey123

Source: compiled by the authors

Figure 1 shows several geo-linked observa-
tions (blue polygons) along the road infrastructure
and riverbed; the table showed key fields: date and
time of the study, name of the researcher, name
of the location, type of ecosystem, and the taxon.
Among the recorded taxa — Heracleum Sosnovskyi,
Impatiens parviflora, Bidens frondosa, Erigeron an-
nuus, fixation sites were specified as roadsides/
trails, forest edges, etc., which indicated the dom-
inance of linear and marginal habitats in the sam-
ple. Records were grouped by routes (for example,
“Trout farm”) and had timestamps (25.08.2025),

which confirmed field data entry with subsequent
viewing and analysis on the map. The proposed
questionnaire can be easily adapted for recording
and population analysis of habitats of rare, relict,
and endemic species both on the territory of the
CNNP and in other protected areas of Ukrainian
Carpathians. To do this, in the section “Population
characteristics”, it was proposed to remove the pa-
rameter “Degree of invasiveness” and supplement
the form with a specialised block of questions fo-
cused on the protected status and demographic
indicators of such species (Table 2).

Table 2. Block of questions for rare, relict, and endemic species

Is the species endemic

in the Red Book of Ukraine?

to the Carpathians? Select Yes/No/Unknown
for the Carpathians? Select Yes/No/Unknown
Is the species listed Select Yes/No/Unknown/Needs verification

Does the species have
an international protected status?

Multiple choice

IUCN (Specify the category in the following
question: CR, EN, VU, NT, LC)/CITES/Bern
Convention/Emerald Network/None/Other

Additional information
on international protection status

Additional information (also
specify the IUCN category: CR,
EN, VU, NT, LC - if applicable)

Text

Note: IUCN - International Union for Conservation of Nature; CR - Critically Endangered; EN - Endangered; VU —
Vulnerable; NT — Near Threatened; LC — Least Concern; CITES — Convention on International Trade in Endangered

Species of Wild Fauna and Flora
Source: compiled by the authors
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Table 2 systematises the collection of data
on rare, relict, and endemic species, including
national and international protected status and
the possibility of additional detail. In the con-
text of interpreting population data for IAPS,
the study was based on the methodological
foundations summarised by V. Kyyak & A. Mal-
ynovsky (2020), who considered the population
as a basic unit of accounting for biodiversity and
insist on assessing the structure (age/ontogenet-
ic, spatial, sexual), self-renewal and strategies
of the species in specific ecological niches; they
considered vitality to be an integral indicator of
the state, synthesising key individual and group
parameters of growth, development, and repro-
duction. This established the basis of the survey
form: blocks on the ontogenetic spectrum, the
proportion of generative individuals, density,
and coverage (as a proxy for vital activity), and on
the regeneration niche (soil litter/seed bank, mi-
crosites), allow tracking intrapopulation diversi-
ty and self-maintenance mechanisms in different
CNNP habitats. In particular, the typical stages
of degradation of rare populations described by
the researchers under pessimistic conditions
(simplification of spatial structure, ageing or
pseudo-rejuvenation, drop in vitality, extinction
of generation, decrease in area/number/density)
were operationalised through mandatory map-
ping of population polygons, fixing the dynam-
ics of the generative contour, which is consist-
ent with the authors’ approaches to diagnosing
population trends in mountain systems. Such in-
tegration of population and environmental indi-
cators in the digital questionnaire allows contin-
uing the line of standardised field collection and
moving from one-time statements to monitoring
the vitality/self-healing of IAPS populations in
space and time. P. PySek et al. (2020) summarised
that biological invasions pose a large-scale sys-
temic risk and require early detection and coor-
dinated action, with standardised primary data
being key for policy and management. The pro-
posed tool is consistent with these results, since
it provides the most standardised, geospatial
data collection and the ability to quickly map in-
vasion foci. Simultaneously, the difference lies in
the focus: within the framework of this study, the
emphasis was placed on operational implemen-
tation (form structure, reference books, export to

GIS), while P. Pysek et al. established mainly con-
ceptuallypolitical framework. K. Ingenloff (2025)
detailed approaches to updating and publishing
monitoring data in Darwin Core using the Hum-
boldt Extension, suitable for event recording and
protocol documentation.

The proposed field and metadata mapping
complies with these practices and ensures that
the collected records are ready for integration into
GBIF/UkrBIN. M. Jurisi¢ et al. (2023) showed that
zoning of environmental vulnerability combined
with traffic forecasting allows identifying “hot
spots” of risk in protected areas, which was espe-
cially important for mountain parks. In this study,
this was considered through mandatory localisa-
tion fields (roadsides, hiking trails, river valleys)
and site polygon mapping in Survey123. A common
feature was the spatially oriented approach to risk
assessment; the difference lied in the subject of
observation: here, the focus was on IAPS popula-
tions, whereas M. JuriSic et al. analysed the vulner-
ability of territories in general. J. Daniel-Ferreira et
al. (2024) demonstrated by field studies in central
Sweden that roadsides with high environmental
value are vulnerable to expansion of Lupinus poly-
phyllus, and linear media act as effective channels
for its propagation. The proposed questionnaire
institutionalised this sensitivity through the field
“Where exactly is the site located?” and a threat
assessment unit that allows easily aggregating re-
cords for further corridor analysis. The difference
is in the breadth of taxa: the study by Swedish re-
searchers focused on one species, while the pro-
posed form covered the entire spectrum of IAPS,
including transformer species. A. Mihaly & V. Ro-
man (2024) showed that spatial kits for monitoring
invasive tree species in the forests of Zakarpattia
allow localising foci and supporting management
decisions. The developed model confirmed the va-
lidity of spatially oriented data, but extended it to
non-seasonal herbaceous and shrubby invasions by
combining indicators of cover, ontogenetic struc-
ture, and soil characteristics. Realising dynamic
value... (2021) formalised the standard operating
procedure (SOP 26) to apply the Braun-Blanquet
scale in field protocols, emphasising the unifica-
tion of procedures and the possibility of compara-
ble assessments between different projects. In this
paper, the scale was integrated as the core of the
phytocoenotic block with separate accounting of
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vegetation tiers, which fully corresponds to SOP 26
andsimplifiesfurthertransformation of ordinal class-
es into quantitative indicators for analytical needs.

CONCLUSIONS
The developed electronic questionnaire in the
ArcGIS Surveyl23 environment provides stand-
ardised, reproducible, and geospatially linked col-
lection of primary data on IAPS on the territory of
CNNP. The structure of the tool integrates popu-
lation indicators (density, ontogenetic spectrum),
phytocoenotic context (Braun-Blanquet coverage
assessment divided into tiers), abiotic characteris-
tics (soil and microclimatic parameters, soil litter
status), and the threat and damage module. This
approach increased the explanatory capacity of
field observations of the stages of the invasive pro-
cess and formed a reliable basis for adaptive man-
agement. The questionnaire was adapted to the
specifics of CNNP mountain landscapes: orography,
slope exposures, altitude zones, and the most com-
mon ecosystem types and disturbance factors for
the park were considered. Mandatory fields, con-
trolled reference books, photo audits, and automat-
ic geo-linking were implemented, which reduced
inter-observer variability and facilitates quality
control. The native integration with ArcGIS Pro
allows quickly mapping points and polygons, and
connecting external GIS layers (DEN, soil, hydro-
graphic network, infrastructure), and organisation
of further spatial analysis. The study demonstrated

Nasadiuk et al.

the effectiveness of the transition from episodic
observations to systematic monitoring of inva-
sive species, which allowed accurate detection and
mapping of foci, monitoring population dynamics
during repeated surveys, comparing indicators be-
tween sites and seasons, and quickly generating
data for management decisions and reporting. Fur-
ther development should be directed to the intro-
duction of stratified sampling by altitude zones and
habitat types, regular repeated surveys, expansion
of sensors (GNSS, pH, humidity, PAR), and setting
up an automated data publishing pipeline in Darwin
Core. This evolution will strengthen evidence-based
solutions for the prevention, early detection,
and control of invasive species in the Carpathian
mountain ecosystems. The tool can also be used
for early detection of new invasive taxa, mapping
of overgrowth foci, monitoring the effectiveness of
spread control measures, assessing impacts on rare
and sensitive environments, and for operation-
al reporting and management planning with cost
minimisation and unification of data circulation.
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JTbBiBCbKMIA HaLiOHaNbHWI yHiBepcUTeT iMeHi IBaHa ®paHka
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Kapnatcbkunii HauioHanbHWIA NPUPOAHUT NapK
78500, Byn. Ctyca, 6, M. Apemuye, YKpaiHa
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AHoTanist. AKTYaJbHiCTb JOC/TiIKeHHS 3yMOBJIeHa TOTPeb0I0 y CTaHapTU30BaHOMY, BiITBOPIOBAHOMY
Ta TeONPOCTOPOBO MPUB’SI3aHOMY MOHITOPMHIY iHBa3iifHMX UyKOPiZHMX BUZIB POCAMH Y CKIATHUX
ripcekux naHpmadrax KapnaTcbKoro HalioHalIbHOTO MPUPOLHOTO IApKy, e MOENHAHHS BUCOTHOL
MOSICHOCTI, PI3HOMaHITTSl ocenuly i MPUPOAHUX Ta aHTPOIIOTEHHMX KOPUAOPIB MOIIMPEHHS CTBOPIOE
MigBUINEHI PU3UKM iX HaTypasisalii Ta ekcriancii. MeTorwo cTaTTi 6y/10 CTBOPEHHS CTAaHAAPTU30BAHOTO
onuTyBaJMbHUKA 114 YHiDika1ii mpouecy dikcanii qaHux mpo iHBasiitHi Bugy, 3a6e3nevueHHst KOPEKTHOT
reoIpOCTOPOBOI IIPMB’SI3KY CIIOCTEePEsKeHb Ta CTBOPEHHS IIePeAyMOB JIs iX TOJANbIIOr0 IIPOCTOPOBOTO
aHanmizy y cepemoBuini ArcGIS. ®opma, pospo6imeHa B ArcGIS Surveyl23, oxommiaa IIMPOKUIL
CIIEKTP EeKOJIOTIYHUX, OGioMoTiyHMX Ta aGiOTMYHMX MapaMeTpiB, 30KpeMa [aHi MpPO TaKCOHOMIUHY
MIPMHAJIEXHICTh BUAY, NPOEKTMBHE IMOKPUTTSI, OHTOT€HETUUHMII CTaH IOMY/silLii, XapaKTepuUCTUKU
IPYHTY, MiKpPOKJIiMaTUUHi [MOKa3HMUKM Ta piBeHb aHTPONOT€HHOTO BIUIMBY. 3allpONIOHOBAaHMII MHiAXif,
IO3BOJISIE TABUILUTY TOYHICTh MOHITOPMHIY iHBa3iliHMX BHUIIB Ta iHTerpyBaTu OTpPMMaHi OaHi y
3arajJbHOHAIiOHabHI 6a3yu crocTepeskeHb. KOHCTPYKIlisS onuTyBaabHMKA OasyBanacsl Ha MPUHLMIIAX
MaKCMMajJbHOI CYMiCHOCTI 3 IOZaJbIIMM aHami3oM y reorpadiuny iHdopMmalliiiHy cucremy Ta
my6/TikaIlielo y rmobaJbHUX PernosuTopisx 6GiopisHomaHiTTsa. Takmii migXin BimKpuBae MOKIMBICTD
IJIs1 TIOPiBHSUIBHUX aHasli3iB, 3/IUTTS 3 IPOMaAsSHCbKMMM CIIOCTEPeKEeHHSIMM i BUKOPUCTAHHS JaHUX
MpM OLiHIOBAHHI PU3UKIB i MpiopuTe3anii pearyBaHHs Ha iHBa3ii. MeTOAMYHO ONMUTYBAJIbHMUK OXOTIVB
BiciM soriuHmx cekuiiit: (1) 3aranapHi BiZOMOCTi Ta reonpus’si3ka; (2) OMKUC AUISTHKU 3 KJIacaMy TUITiB
€KOCHCTeM Bi[IITOBiTHO 0 Cy4acHOI II06aIbHOT TUIIONOTi1; (3) XapaKTepucTMKa MOMy/sIlii iHBa3iiiHOro
BUAY, BKJIOYHO 3 IIJIOIIE0, LIiIJIbHICTIO, BIKOBOIO CTPYKTYPOW, OMHAMiKOlO; (4) OHTOTe€HeTUYHUIA
CITEKTP 3 KiJIbKiCHMM 00/1iKOM 10 CcTafistX; (5) I'PYHTOBI i1 MiKpOK/IiMaTUUHi TOKa3HMUKYU 3 MOXKJIMBICTIO
MI0JIbOBOT'O BM3HAUEeHHSI KMCIOTHOCTI Ta BOJIOTOCTI; (6) 3arpo3u it MOIIKOAKeHHSI POCINH i eKocucTeM;
(7) 'pyHTOBA ITiICTUIIKA SIK TOTEeHIi iiHMIT 6aHK HACiHHS; (8) 0JAaTKOBI KOMeHTapi Ta HOTOHOKYMeHTAIlis.
Iepen6aueHo 36ip GOTO3HIMKIB pi3HMX paKypcCiB, iX 3aBaHTAKEHHS 3 MPOCTOPOBOIO MPUB’SI3KOI0 10
3anmciB Ta GOpMyBaHHS TOBHOTO LM(PPOBOTO CIiLy /ST TOLANBIIOTO ayAUTY SIKOCTi
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