,y Journal of
Q Zoological and

Botanical Gardens

Article

Visitor Movement Behaviour in Urban Green Spaces: Insights
from a South African Botanical Garden

Mmapilane Esther Rampa * Uwe Peter Hermann

W) Check for updates

Academic Editor: Gianluigi Bacchetta

Received: 22 July 2026
Revised: 10 September 2026
Accepted: 11 September 2026
Published: 12 November 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

, Joseph Willie Hood and Pascal Tauoatsoala

Department of Tourism Management, Tshwane University of Technology, Pretoria 0183, South Africa;
hermannup@tut.ac.za (U.P.H.); hoodjw@tut.ac.za (J.W.H.); tauoatsoalap@tut.ac.za (P.T.)
* Correspondence: rampampila@yahoo.com

Abstract

Urban green spaces (UGSs) are vital components of urban tourism, providing multifunc-
tional settings for recreation, cultural engagement, and ecological appreciation. Despite
their importance, limited research has explored how visitors allocate time, activities, and
spatial use within these landscapes. This study examined visitor spatial and temporal
behaviour at a South African botanical garden through a quantitative survey of 301 re-
spondents. Results showed that weekend visits and half-day stays were the most common
temporal patterns, while significant site—activity associations linked relaxation with the
picnic area, hiking with the hiking trail, concert attendance with the concert area, and bird-
watching with the wetland. Multivariate analyses further revealed differentiated patterns of
visitor site use, visitor composition, and visit characteristics through NMDS and identified
four underlying spatial-activity dimensions through PCA: restorative and active recreation,
event-oriented use, nature observation, and visual-aesthetic engagement. These findings
highlight opportunities to manage visitor concentration, improve spatial connectivity, and
encourage greater use of underutilised areas through diversified recreational opportunities.
This study contributes to sustainable urban tourism planning by demonstrating how evi-
dence on visitor spatial and temporal behaviour can inform targeted management and the
planning of multifunctional botanical gardens.

Keywords: visitor behaviour; spatial behaviour; temporal behaviour; visitor patterns;
urban tourism

1. Introduction

Urban green spaces (UGSs) support recreation, environmental education, biodiversity
conservation, and human-nature interaction [1-3]. Botanical gardens (BGs) are multifunc-
tional UGSs that integrate conservation, education, and recreation and can contribute to
urban tourism and accessible nature-based experiences [1,4,5].

Understanding how visitors use these spaces is important for effective planning and
management. Visitor use is often uneven across sites and may be influenced by site charac-
teristics, accessibility, facilities, and visitor motivations [6,7]. Examining visitor numbers,
activities, and spatial use can therefore identify areas of concentrated or limited use and
inform the management of visitor impacts and resources [7,8]. Spatial approaches have also
demonstrated that visitor groups may exhibit distinct movement patterns, with implications
for managing recreational use and protecting sensitive areas [9].

Limited research has examined the spatial and temporal dimensions of visitor move-
ment within BGs, particularly how visitors select sites, move between them, allocate time,
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and engage in different activities [8,9]. BG research has more commonly focused on visitor
profiles, motivations, and attractions than on the integrated spatial and temporal dimensions
of visitor behaviour [10]. These limit understanding of how visitor use is distributed across
garden sites and when different patterns of use occur, creating challenges for site-responsive
visitor management [7,8].

This study therefore examined visitor behaviour at Walter Sisulu National Botanical
Garden (WSNBG) by characterising visitor profiles and temporal visitation patterns, exam-
ining spatial movement and activity patterns across garden sites, and identifying underlying
spatial-activity dimensions of visitor behaviour. By integrating these dimensions, this study
provides evidence to support targeted visitor management and the sustainable planning of
multifunctional BGs.

1.1. Understanding Visitor Movement Behaviour Through Space and Time

Current data on visitor patterns is essential for effective planning and management of
visitor services and movement [11,12]. Visitor movement reflects the interaction between
space and time, with destination characteristics, visitor preferences, activities, and accessi-
bility influencing where visitors move and how they allocate their available time [7,8,13].
Understanding these relationships can support visitor management, tourism planning, and
urban development [13,14].

1.2. Space Factor

Visitor movement is influenced by physical characteristics such as terrain, pathways,
accessibility, infrastructure, vegetation, visibility, and the location of attractions [15]. Visi-
tors commonly concentrate around entrances, major attractions, and distinctive landscape
features [16,17], while accessibility, visibility, and environmental quality can influence the
attractiveness and use of different areas [18,19].

Evidence from different regions indicates that these influences are context-dependent.
Visitor behaviour varied between green spaces with different landscape characteristics in
Granada, Spain [20], while visitor movement in Finnish urban forests varied according
to recreational activities and the use of trails and natural features [21]. These differences
may reflect the contrasting purposes and physical characteristics of these spaces. General
UGSs and forests provide opportunities for recreation and informal movement, whereas
BGs typically combine designated pathways with specialised plant collections, landscaped
areas, and managed attractions.

Attractions may similarly influence visitor distribution differently across destinations.
Recreational attractions contributed to the appeal of a BG in Ghana [22], while water bodies
and playgrounds were associated with greater park visitation in Texas [23]. Collectively,
these studies suggest that visitor concentration is shaped not only by the presence of
attractions but also by the activities they support and the characteristics of the settings
in which they occur. In BGs, therefore, specialised plant collections, scenic landscapes,
educational features, and recreational facilities may each contribute to patterns of visitor
spatial use, depending on the characteristics and purposes of the destination.

Accessibility provides an additional explanation for differences in visitor use. Ev-
idence from United States cities indicates that accessibility is associated with realised
park visitation [24], while research in Tshwane highlights accessibility alongside safety
and maintenance [25]. The broader range of factors identified in the South African con-
text may reflect differences in the social and environmental conditions in which green
spaces are used. Thus, areas with similar physical attractions may receive different lev-
els of visitation because of differences in accessibility, perceived safety, maintenance, and
visitor characteristics.
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Overall, the evidence indicates that visitor distribution results from the combined influ-
ence of physical characteristics, accessibility, facilities, activities, and visitor characteristics.
These relationships are likely to vary according to landscape type and destination context.
Although previous research has established the importance of these factors [26,27], the
distribution of visitor movement among individual areas within BGs remains comparatively
underexplored, particularly in the South African context.

1.3. Time Factor

Visitor movement is also shaped by the limited time available to select destinations,
participate in activities, and move between locations [15]. Areas with attractive landscapes,
interactive features, shade, water features, and scenic viewpoints may encourage longer
stays [17,28]. Consequently, physical characteristics can influence both visitor distribution
and the amount of time allocated to particular locations.

Evidence from the United States demonstrates that visitor concentration can change
during the course of a visit, indicating that areas of high use may be temporary rather than
consistently concentrated [29]. This may differ between large natural recreation areas and
BGs because differences in destination size, pathway structure, and the spatial distribution
of attractions affect the time required to move between sites.

Visitor use also varies over longer periods. Spatial and temporal differences in park
visitation have been identified in Texas [23] and across US cities [24]. Such variation may
be associated with environmental conditions, accessibility, visitor characteristics, and daily
or seasonal routines. This indicates that visitor concentrations observed at a particular time
may not represent overall patterns of use.

Duration of stay provides another dimension of visitor time allocation. Visitors to
a UGS in Addis Ababa spent an average of approximately 3.6 h at the destination, with
satisfaction varying across environmental and recreational attributes [30]. Differences
in visitor characteristics and available activities may partly explain variation in duration,
indicating that time allocation is influenced by both the destination and the visitor.

Temporal patterns may also differ between weekdays and weekends and across periods
of the day [31,32]. These variations can influence when particular areas experience greater
visitor pressure. Combining movement patterns with duration of stay therefore provides
a more comprehensive understanding of visitor time-space behaviour [33]. However,
the relationship between choice of visit site, movement, and duration of stay remains
insufficiently explored [7,8,18]. For BGs, examining arrival and departure times alongside
planned destinations, actual areas visited, areas where visitors spend most of their time,
and repeated visitation can help establish how visitor movement is distributed across space
and time. Such evidence can inform staffing, maintenance, visitor facilities, wayfinding,
and conservation measures [2,15,34].

Existing research shows that visitor movement is influenced by spatial characteristics,
accessibility, attractions, visitor activities, and temporal factors [7,15,16,26,27]. Studies from
different regions further demonstrate that visitor behaviour varies with landscape charac-
teristics, recreational activities, destination features, and accessibility [21-25]. Temporal
studies also demonstrate variation in visitor concentration and duration of stay [29,30].
However, limited research has examined spatial and temporal visitor behaviour together
within BGs, particularly in South Africa. Existing BG studies have focused mainly on visitor
perceptions and motivations [1,10,35]. Consequently, limited evidence exists on the relation-
ship between visitors” planned and actual destinations, areas of concentrated and repeated
use, and the timing and duration of visits. This study examines visitor movement across
space and time to provide evidence on spatial distribution, site choice, activity patterns,
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and visitation rhythms, offering a practical basis for targeted management and the planning
of multifunctional BGs.

2. Materials and Methods
2.1. Study Area

This study was conducted at Walter Sisulu National Botanical Garden (WSNBG),
managed by the South African National Biodiversity Institute (SANBI) [36]. Established in
1982, the 296 ha garden in Krugersdorp, Gauteng, comprises three major vegetation types
and supports over 600 plant and 240 bird species [36]. Key visitor features include the
Witpoortjie Waterfall; trails; gardens; restaurant; sculpture exhibits; green spaces; and event
facilities supporting recreational, cultural, and social activities [36]. The location of the
study area and the spatial characteristics of WSNBG are presented in Figure 1.

/
P,
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\

Figure 1. Location and spatial distribution of the principal visitor destinations at Walter Sisulu
National Botanical Garden (WSNBG). CA = Concert Area; HT = Hiking Trail; PA = Picnic Area;
RES = Restaurant; RP = Reflection Pond; SE = Sculpture Exhibits; TG = Theme Garden; W = Waterfall;
WA = Wetland Area. Source: Adapted from Google Earth Pro (Figure 1 was developed using Google
Earth Pro (Google LLC, Mountain View, CA, USA) [37] to map the physical and spatial characteristics
of WSNBG, including the location of the principal visitor sites.).

2.2. Research Design, Data Collection, and Analysis

For this study, a descriptive quantitative methodology was employed using a struc-
tured questionnaire adapted from previous visitation studies [1,7,38]. Data were collected
from 301 visitors using a 58-item questionnaire covering demographic and visitor-profile
characteristics, visit motivations, spatial movement, and temporal behaviour. The ques-
tionnaire comprised closed-ended, multiple-choice, Likert-scale, yes/no, and open-ended
questions. The analyses focused on visitor characteristics, spatial movement patterns,
temporal behaviour, visit frequency, activities undertaken, and factors associated with
site use.

Data were collected over five weeks in August 2025 through both physical and electronic
administration. Trained fieldworkers distributed questionnaires within the garden, while
the electronic version was hosted on Google Forms (Google LLC, Mountain View, CA,
USA) [39] and accessed through QR codes. Of the 301 responses, 279 were collected
physically and 22 electronically. Convenience sampling was used across weekdays and
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weekends and at different times of day to capture variation in visitor behaviour. Although
this non-probability approach limits statistical generalisability, it provided practical access
to visitors across different temporal periods during this study.

The data were tabulated and analysed using STATA Version 17 software (Stata Corp
LLC, College Station, TX, USA) [40]. Descriptive statistics were used to summarise visitor
characteristics, visitation timing, site visitation, and reported activities. These summaries
provided an overall description of visitor profiles, visitation rthythms, and patterns of site
use, addressing the study objective of characterising the temporal and spatial distribution
of visitors across the garden.

The data were tabulated and analysed using STATA Version 17. Descriptive statistics
were used to summarise visitor characteristics, visitation timing, site visitation, and reported
activities. These summaries provided an overall description of visitor profiles, temporal
visitation patterns, and spatial site-use patterns, addressing the objective of characterising
the temporal and spatial distribution of visitors across the garden.

Non-metric multidimensional scaling (NMDS) was used to examine patterns of visitor
site use and spatial similarity among garden sites. Visitation to each garden site was coded
as binary presence/absence data for each respondent, forming a site-use matrix. Jaccard
dissimilarity was calculated from this matrix to account for shared site-use patterns, and the
resulting dissimilarity matrix was subjected to NMDS. The ordination was used to identify
similarities and differences in visitor site-use profiles and to determine whether garden
sites exhibited distinct or overlapping patterns of use. Ordination fit was assessed using the
stress statistic, with values below 0.20 considered acceptable for interpretation. NMDS thus
provided a spatial representation of similarities and differences in visitor site-use patterns
across the multifunctional garden.

Associations between garden-site visitation and categorical visitor and temporal char-
acteristics were assessed using Cramer’s V. The measure was used to quantify the strength
of associations between individual garden sites and day type (weekday or weekend), age
group, group composition, and visit frequency. Spearman’s rho was used to examine the
relationship between the number of garden sites visited and visit duration. These analyses
assessed the extent to which site-use patterns were associated with visitor characteristics,
temporal behaviour, and duration of visits.

Principal component analysis (PCA) was conducted on the correlation matrix of coded
visitor site-use and activity variables to identify underlying dimensions linking site visitation
and visitor activities. The suitability of the data for PCA was assessed using the Kaiser—
Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity. The
KMO value was 0.78, indicating adequate sampling adequacy, while Bartlett’s test was
significant (x? = 412.56, p < 0.001), confirming that the correlation matrix was suitable for
component analysis. Components were evaluated using eigenvalues and the scree plot,
with the latter supporting the retention of four components. The retained components were
subjected to Varimax rotation to facilitate interpretation. Component interpretation was
based on the magnitude and direction of the rotated loadings, with stronger loadings used
to characterise the principal spatial-activity dimensions. The four components accounted
for 51.9% of the total variance. PCA complemented the NMDS by identifying broader
behavioural dimensions underlying relationships between visitor site choice and reported
activities. Together, these analyses provided an integrated basis for interpreting visitor
site-use and activity patterns and informing site-responsive management of the garden.
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3. Results

Results are organised into four dimensions: demographic profile, spatial movement
patterns, temporal behaviour, and multivariate patterns of site use, with NMDS and PCA
used further to examine relationships among garden sites and visitor activities.

3.1. Demographic Results

The empirical findings begin with an examination of the demographic profile of respon-
dents at the WSNBG, aiming to identify key traits of the target population. The demographic
profile of respondents, as outlined in Table 1, was compiled using variables including gen-
der, age, marital status, level of education, occupation, respondent category, composition of
the respondent group and purpose of the visit.

Table 1. Socio-demographic and visit characteristics of respondents (N = 301).

Variable Item % Variable Item %
Male 32 Student 11
Gender
Female 68 Employed 53
18-24 15 Occupation Self-employed 27
25-34 44 Unemployed 5
Age 35-44 22 Retired 4
45-54 10 Johannesburg 69
55-64 4 Pretoria 3
64+ 5 Residence Other Gauteng 18
Single 51 Outside Gauteng 8
Married 36 Outside country 2
Marital Status Living together 12 Personal car 79
Divorced 1 Taxi/Uber/Bolt 13
Widow/Widower 0 Transport Minibus 1
Grade 12/Matric 11 Bus 2
Certificate 17 Walked 5
National Diploma 50 Alone 16
Education Béchelor /Advanced 8 Friends 41
Diploma
I];i(gllg;ras [Postgrad 12 Travel Companion Couple 17
Master’s Degree 2 Family w children 23
Very regular 14 Family w/o children 2
Visit Frequency Often 31 Group tour 1
Sometimes 29 Colleagues 0
Not very often 26 Website 5
Adults: One 4 Friends/family 26
Two 42 Television 1
Three 12 Travel magazines 2
Four 12 Radio 2
Group Composition Five or more 30 Information Source Previous visit 46
Children: None 59 Social media 18
One 6
Two 18
Three 8
Four 6
Five or more 3

Note: Percentage rounded to the nearest whole number.
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Table 1 presents a comprehensive overview of the demographic characteristics of the
research sample. The data indicate that the majority (44%) of respondents were in the
predominant age group of 25-34 years. The least represented age category was individuals
aged 55-64 of the sample, thus implying a younger sample. In terms of group composition,
most respondents visited the garden with friends, followed by family groups with children.
A significant number (59%) attended without children, while others (18%) were accom-
panied by two children. Regarding educational attainment, nearly half of the respondents
held a national diploma or equivalent, with some possessing a higher certificate.

Transportation results reveal that a large majority travelled to the garden using personal
vehicles, likely reflecting considerations of convenience and accessibility. The majority of
respondents resided in Johannesburg and the surrounding areas. Notably, prior visits
served as the most common source of information about the garden, followed by word-of-
mouth from family and friends. These patterns suggest a high level of repeat visitation,
with many respondents indicating they visit the garden at least annually. Some reported
visiting several times per year.

3.2. Patterns of Spatial Movement

To examine visitors” movement patterns within the WSNBG, respondents were asked
to indicate the garden sites they had initially planned to visit and the sites they actually
visited during their visit (Table 2).

Table 2. Distribution of reported planned visits and actual visits across garden sites.

Garden Site Planned Visiot m A ctual Visit 7 (%) Spatial Deviatiozl n
(%) (%)

Waterfall 167 (37%) 166 (37%) —1(=0.3%)
Picnic area 115 (25%) 115 (26%) 0 (0.0%)
Hiking trail 104 (23%) 95 (21%) —9 (—3.0%)
Concert area 29 (6%) 29 (7%) 0 (0.0%)
Restaurant 25 (5%) 24 (5%) -1 (—0.3%)
Wetland area 10 (2%) 8 (2%) =2 (=0.7%)
Sculpture exhibits 5 (1%) 5 (1%) 0 (0.0%)
Reflection pond 1 (1%) 1 (1%) 0 (0.0%)
Total 456 (100%) 443 (100%) —13 (—4.3%)

Note: N = 301 respondents. Multiple responses were permitted; therefore, planned and actual
visitation percentages are based on the respective total site selections (456 and 443) and may not
represent proportions of unique respondents. Spatial deviation percentages are calculated using In
Proceedings of the N = 301 respondents as the denominator.

Table 2 illustrate a high degree of spatial consistency between visitors” planned and
actual garden-site movements, with only a small overall reduction in 13 site selections
(—4.3%). In contrast, the hiking trail recorded the greatest spatial divergence, with nine
fewer actual than planned visits. Smaller deviations were recorded at the wetland area,
waterfall, and restaurant, while no deviation occurred at the remaining sites.

Overall, the limited deviations indicate that visitors largely maintained their planned
spatial movement patterns.

To examine visitation beyond the planned movements, respondents were also asked to
identify additional garden sites visited during their visit (Table 3).
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Table 3. Respondents’ reported additional visitation to garden sites.

Garden Site Frequency (n) Percentage (%)
Waterfall 51 40
Sculpture exhibits 39 30
Restaurant 17 13
Themed gardens 12 9
Wetland 8 6
Reflection pond 3 2
Total 130 100

Note: Of the 301 respondents, 130 reported additional visits to one or more garden sites. Percentages
are based on the total number of site visit entries and are rounded to the nearest whole number.

Table 3 shows that the waterfall recorded the highest frequency of return visits, followed
by the sculpture exhibits and the restaurant. Together, these three sites accounted for 83% of
all additional site visits. By contrast, minimal return activity was recorded at the remaining
sites. Taken together, additional visitation was concentrated in a limited number of sites,
with most other sites receiving comparatively few visits.

Modes of garden use were assessed by analysing survey responses in which respon-
dents identified the activities undertaken during their visit (Table 4).

Table 4. Distribution of respondents” activities.

Respondents’ Activity Frequency (n) Percentage (%)
Relaxation 143 47
Hiking 98 32
Attending concert 29 10
Self-expression activities 10 3
Birdwatching 15
Photography 9
Total 304 100

Note: Percentages are based on 304 reported activities and are rounded to the nearest whole number.

Table 4 demonstrates that relaxation was the most frequently cited activity, followed by
hiking, with both accounting for the majority (79%) of responses. All other activities were
reported at substantially lower levels, with self-expression and photography representing
the least frequently reported pursuits. In summary, recreational engagement was dominated
by a narrow set of core activities, with limited diversification across activity types.

3.3. Temporal Movement Patterns

To examine temporal patterns of visitation, respondents were asked to indicate the
day on which they visited the garden and the duration of their stay. These variables were
included to characterise visitation behaviour and identify temporal trends in visitor use
(Figures 2 and 3).
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Figure 3. Time of entry vs. time of departure of the week.

Figures 2 and 3 display the temporal patterns of visitor visitation, entry, and departure
at the BG. As presented in Figure 2, most respondents visited on Saturdays, followed by
Sundays, indicating higher weekend visitation. Weekday visitation was comparatively
lower, with Thursday recording the highest weekday visitation, followed by Tuesday, Friday,
and Wednesday. Figure 3 demonstrates that most respondents reported arriving between
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08:00 and 11:00, representing the most common arrival period. Fewer respondents arrived
between 11:30 and 13:00, while the lowest arrival frequency occurred between 13:30 and
15:00. Regarding departure, most respondents reported leaving between 13:30 and 15:00,
followed by 15:30 and 17:00. Fewer respondents departed between 11:30 and 13:00, while
early-morning and late-afternoon departures were least common.

3.4. Multidimensional Scaling of Spatial Visitation Patterns

Associations between individual garden sites and variables such as day type (weekday
or weekend), age group, group composition, and visit frequency were assessed to deter-
mine whether spatial patterns of garden use varied according to temporal behaviour and
visitor characteristics. Cramer’s V quantified the strength of categorical associations, and
Spearman’s rho examined the relationship between the number of sites visited and visit
duration (Table 5).

Table 5. Visitor-site associations across temporal, visitor, and activity characteristics.

Association Association Statistic p-Value Result

Temporal behaviour

Wetland x Weekday/weekend V =0.297 <0.001 Significant
Picnic area x L
Weekday /weekend V =0.196 <0.001 Significant
Hiking trail x _ —
Weekday /weekend V =0.110 0.056 Not significant
Age group

Concert area x Age group V =0.299 <0.001 Significant
Wetland x Age group V =0.296 <0.001 Significant
Picnic area x Age group V =0.253 0.002 Significant
Hiking trail x Age group V=0.224 0.010 Significant
Waterfall x Age group V =0.116 0.542 Not significant
Group composition

Picnic area x Group V =0316 <0.001 Significant
composition

Waterfall x Group V =0275 <0.001 Significant
composition

Hiking trail x Group V =0.274 <0.001 Significant
composition

Visit frequency

Waterfall x Visit frequency V =0.253 <0.001 Significant
Hiking trail x Visit frequency V =0241 0.002 Significant
Picnic area x Visit frequency V =0.213 0.009 Significant
Visit duration

Number of sites x Visit 0 = 0245 <0.001 Significant

duration

Note. V = Cramér’s V; p = Spearman’s rho; p = p-value. Statistical significance was assessed at
p < 0.05.

Table 5 shows that spatial visitation was significantly associated with multiple aspects
of temporal behaviour and visitor composition; however, the strength of these associations
differed by site. Temporal associations varied across garden sites, with the strongest patterns
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observed for the picnic area and wetland and a comparatively weaker pattern for the hiking
trail. Age was significantly associated with visitation to the concert area, wetland, picnic
area, and hiking trail. Waterfall visitation, however, was not significantly associated with
age group.

Group composition was significantly associated with visitation to the picnic area,
waterfall, and hiking trail, with the strongest association occurring at the picnic area.

Visit frequency was significantly associated with visitation to the waterfall, hiking trail,
and picnic area. The number of sites visited was also significantly associated with visit
duration.

Overall, spatial visitation varied across selected temporal and visitor characteristics,
with significant associations concentrated across several recreational and activity-oriented
sites.

3.5. Principal Component Analysis of Spatial-Activity Relationships

The PCA identified four broad dimensions of spatial site—activity behaviour, collectively
accounting for 51.9% of the total variance (Table 6). PC1 represented a restorative/stay-
oriented versus active recreation dimension, characterised by relaxation and picnic-area use
in contrast to hiking and hiking-trail use. PC2 represented an event-oriented versus trail-
based recreation dimension, distinguishing concert-related activities from hiking and trail
use. PC3 reflected a nature-observation dimension, primarily associated with birdwatching
and wetland use. PC4 represented visual and aesthetic engagement, characterised mainly
by photography and sculpture exhibit-related use, with waterfall visitation also contributing
to this dimension (Table 7).

Table 6. PCA loadings of spatial site-activity relationships.

Variable PC1 PC2 PC3 PC4
Relaxation 0.530 0.144 0.073 —-0.122
Picnic Area 0.501 0.081 0.116 —0.083
Hiking —0.349 —0.430 —0.012 0.112
Hiking Trail ~0.336 —0.427 0.091 0.139
;‘E:;sgtnce —0.268 0.533 —0.066 0.101
Concert Area —0.262 0.539 —0.047 0.084
Wetland 0.118 —0.082 0.641 0.107
Birdwatching 0.091 —0.059 0.689 0.073
Photography ~0.102 0.074 0.115 0.716
ziﬁigit;re —0.084 0.053 0.143 0.488
Waterfall 0.272 0.118 0216 0.357

Collectively, the four components represent distinct dimensions of spatial site-activity
behaviour, encompassing restorative and active recreation, event-oriented use, nature ob-
servation, and visual and aesthetic engagement.
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Table 7. Variance explained by principal components.

Principal Variance Cumulative Main Pattern
Component Explained (%) Variance (%)
Restorative/stay-
PC1 17.7 17.7 oriented < active
recreation
Event-oriented «
PC2 15.3 33.0 trail-based
recreation
PC3 10.5 43.5 Nature observation
PC4 8.4 51.9 Visual-aesthetic

engagement

Note: < indicates the opposing ends of the pattern represented by the principal component.

4. Discussion

This study shows that the garden functions primarily as a local urban leisure space, with
visitation concentrated among younger and middle-aged adults and social or family groups.
This pattern is broadly consistent with South African research showing that BGs serve nearby
urban populations and provide recreational, social, and nature-based experiences [1,10,41],
and parallels international findings from China, where urban gardens attract regional
visitors for everyday leisure [42]. The reliance on private vehicles also highlights the
importance of accessibility in visitor use. Evidence from Sao Paulo demonstrates substantial
spatial inequalities in access to UGSs, showing that proximity and the distribution of green
infrastructure can influence opportunities for the use of UGSs [43].

The concentration of visitation on Saturdays and Sundays indicates stronger visitor
demand during non-working days, consistent with a study in China [31] that examined
population movement patterns across 36 major cities and identified systematic differences
between weekday and weekend mobility. The overlap between the predominant arrival
period (08:00-11:00) and departure period (13:30-15:00) suggests that visits typically
extended for approximately 2.54 h, reflecting sustained daytime use of the BG. These
temporal patterns highlight the importance of aligning visitor services and management
interventions with periods of increased weekend and daytime demand.

Visitor movement combined planned destinations with flexible route choices, par-
ticularly around the hiking trail. The concentration of repeat visitation at the waterfall,
sculpture exhibits, and restaurant identifies these features as focal nodes requiring sustained
maintenance and facilities, while less-visited areas such as the reflection pond and theme
gardens present opportunities for visitor dispersal. However, the present study did not
systematically assess distances between destinations or the surface and condition of paths
and roads; therefore, these physical characteristics cannot be identified as causes of the
observed visitation patterns. Rather, they represent factors that warrant further investiga-
tion when assessing differences in visitor movement and site use. Activity analysis further
confirmed functional differentiation, with relaxation associated with the picnic area, hiking
with the hiking trail, events with the concert area, and birdwatching with the wetland. PCA
consolidated these relationships into four broader dimensions of restorative and active
recreation, event-oriented use, nature observation, and visual and aesthetic engagement.
These findings are consistent with the multifunctional character of UGSs, where recreational
use, nature experience, and ecological functions can coexist within the same landscape [44].
Visitors therefore appear to select destinations according to their preferred activities and
experiences.
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The concentration of visitation at key nodes, particularly the waterfall, picnic area, and
hiking trail, together with higher weekend and daytime use, suggests that management
should prioritise low-cost orientation and visitor-dispersal measures during peak periods.
Clear entry-point information, directional markers, strategically placed site maps, QR-based
route information, and suggested walking loops could improve wayfinding and encourage
movement towards less-visited destinations such as the reflection pond and theme gar-
dens. Targeted interpretation and promotion of these sites, supported by staff or volunteer
guidance, could increase their visibility without immediate physical redevelopment, while
continued maintenance and appropriate facility provision at high-use nodes would help
accommodate concentrated demand. Collectively, these measures provide a cost-sensitive
approach to managing visitor movement through information, orientation, and targeted
promotion before considering more substantial infrastructure interventions.

For new garden designs, observed visitor behaviour can provide a basis for considering
attractions, pathways, facilities, and entrances as integrated systems. Active recreation may
be connected to trail networks, event facilities to high-flow areas, and restorative or obser-
vational spaces to quieter zones. Applying visitor-flow evidence during pre-construction
planning may help inform the placement of attractions, pathway networks, accessibility
features, and facilities. Chinese research demonstrates the value of incorporating spatial
layout, accessibility, and visitor-flow considerations into UGS planning and capacity man-
agement [45,46]. Overall, the findings demonstrate that visitor behaviour can provide an
evidence base for both the management of existing BGs and the spatial planning of new BGs.
Understanding how visitors move between destinations, engage in activities, and use spaces
across different temporal periods can support more informed decisions about connectivity,
circulation, activity zoning, accessibility, wayfinding, and visitor-support infrastructure.
This provides a basis for designing multifunctional landscapes that respond to visitor needs
while supporting sustainable and site-responsive management.

5. Conclusions

This study demonstrates that visitor behaviour in the BG is shaped by demographic
profiles, temporal rhythms, spatial destinations, and activity-based preferences. By showing
how visitor movement and site—activity relationships structure garden use, this study con-
tributes to sustainable management and planning strategies that balance visitor experience
with ecological sensitivity. Future research should extend this approach through multi-site
comparisons, seasonal and longitudinal studies, and the use of GPS/GIS-based tracking
and spatial analysis to deepen understanding of factors influencing visitor movement. In
summary, this study highlights that BGs are best managed and designed as spatially and
temporally differentiated systems of visitor activities, where evidence-based insights into
behaviour can guide both immediate management decisions and long-term planning.
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