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Abstract

Urban hospitality zones, characterized by dense hotel infrastructure, landscaped environments, artificial
water features, and high human mobility, have emerged as overlooked ecological niches favoring
mosquito proliferation. The present study investigates the role of urban hospitality clusters as emerging
mosquito breeding hotspots and evaluates their ecological significance in terms of vector abundance,
breeding habitat availability, and public health risk. A systematic ecological survey was conducted across
selected urban hotel belts, including luxury hotels, budget accommodations, and mixed-use hospitality
complexes. Larval and adult mosquito sampling was performed using standard dipping methods, ovitrap
surveillance, and light trap collections. Physico-chemical characteristics of breeding water were also
analyzed. Results revealed a high density of mosquito breeding habitats associated with ornamental water
bodies, rooftop water storage, stagnant drainage systems, and poorly maintained landscaped areas. Aedes
species dominated the larval collections, followed by Culex and Anopheles. Seasonal variation
significantly influenced breeding intensity, with peak abundance observed during the monsoon and post-
monsoon periods. The study highlights that hospitality-driven urbanization unintentionally creates
favorable microhabitats that facilitate mosquito survival and disease transmission. The findings
emphasize the urgent need for integrating ecological vector surveillance into urban hospitality
management and destination health planning. Strengthening environmentally sustainable mosquito
control measures within hospitality operations is critical for safeguarding guest health and maintaining
urban tourism resilience.

Keywords: Urban ecology, hospitality zones, mosquito breeding, Aedes, vector surveillance, public
health, sustainable tourism

Introduction

Rapid urbanization coupled with the exponential expansion of the hospitality sector has
transformed the ecological landscape of cities worldwide. Urban hospitality zones, including
hotel clusters, resorts, convention centers, and mixed-use tourism corridors, are designed to
provide comfort, aesthetics, and recreational luxury. However, these built environments
inadvertently introduce artificial ecological conditions that facilitate mosquito breeding and
survival. High water consumption, ornamental landscaping, rooftop water storage, artificial
fountains, swimming pools, and stormwater drainage networks collectively create ideal aquatic
habitats for mosquito oviposition and larval development. Mosquitoes are globally recognized
as the most medically significant arthropod vectors responsible for transmitting diseases such
as dengue, malaria, chikungunya, Zika, and Japanese encephalitis. While extensive research
has explored mosquito ecology in urban residential and peri-urban environments, limited
scientific attention has been directed toward hospitality-driven urban microhabitats. Hotels and
tourism infrastructures act as high-risk nodes due to the convergence of local populations,
national and international travelers, and favorable breeding environments. The constant
human-vector interaction within hospitality zones significantly amplifies the risk of disease
transmission. Urban hospitality areas also exert continuous ecological pressure due to
landscaping practices, artificial irrigation, rooftop gardening, and seasonal water accumulation
in construction sites. These microhabitats enhance vector survivability by providing consistent
water availability, shade, and resting surfaces. Moreover, pest control in hotels largely depends
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on reactive chemical spraying rather than integrated
ecological surveillance, which limits long-term vector
suppression. In this context, the present ecological

investigation aims to assess mosquito breeding dynamics
within urban hospitality zones, identify dominant vector
species, analyze breeding habitat characteristics, and evaluate
seasonal patterns influencing mosquito abundance. This study
contributes to the growing discourse on urban vector ecology,
hospitality health security, and sustainable tourism
development.

2. Review of Literature

Urban ecosystems have undergone significant transformation
due to anthropogenic activities, with mosquito species
demonstrating remarkable adaptability to artificial habitats.
Studies have established that Aedes aegypti thrives in urban
artificial containers, overhead tanks, construction sites, and
ornamental water features, while Culex species prefer polluted
water bodies, drains, and septic systems. The emergence of
dengue and chikungunya outbreaks in metropolitan cities has
been directly linked to urban infrastructure expansion and
water mismanagement. Recent research emphasizes that
tourism-intensive urban zones exhibit higher vector densities
due to elevated water usage, landscaping irrigation, and
seasonal workforce movement. Hotel swimming pools,
decorative fountains, rooftop gardens, plant pots, discarded
containers, and basement drainage systems act as prolific
breeding environments when not properly maintained. Several
field studies have documented the presence of Aedes larvae in
hotel premises even under routine pest control operations,
indicating that conventional chemical spraying alone is
insufficient. Climate variability further amplifies mosquito
proliferation in tourism belts. Rising temperature, humidity,
and erratic rainfall prolong breeding periods and shorten
mosquito life cycles, thereby increasing disease transmission
potential. Additionally, hospitality employees often lack
formal training in identifying mosquito breeding habitats,
which weakens preventive surveillance. Despite these
ecological linkages, systematic vector surveillance studies
within hospitality zones remain scarce in developing regions.
Most vector control strategies are residential-centered, leaving
hotels and tourism clusters under-studied. This research
addresses this knowledge gap by providing ecological
evidence from urban hospitality settings.

3. Materials and Methods

This study adopted a systematic ecological and entomological
research design to investigate mosquito breeding dynamics
within urban hospitality zones. The methodological
framework integrated field-based vector surveillance,
laboratory-based taxonomic identification, and environmental
parameter analysis to provide a comprehensive understanding
of vector ecology within hospitality-driven  urban
microhabitats.

3.1 Research Design

The present investigation followed a descriptive and

analytical ecological study design, aimed at:

1. ldentifying mosquito breeding habitats within urban
hospitality environments,

2. Determining species composition and abundance,

3. Analyzing seasonal variation in mosquito density, and

4. Examining the relationship between environmental
parameters and mosquito breeding success.
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A longitudinal survey approach was adopted over a period of
twelve consecutive months to capture seasonal fluctuations
associated with climatic variability. Such an extended
observation window is essential in mosquito ecology studies
as vector abundance is strongly influenced by rainfall
intensity, ambient temperature, humidity, and human water-
use practices.

3.2 Study Area Description

The study was conducted in selected urban hospitality zones

of a metropolitan city in India, characterized by:

o High tourist and business traveler inflow,

e Dense hotel infrastructure,

e Mixed land-use patterns including
residential, and recreational zones,

o Well-developed transport connectivity, and
Tropical monsoon climatic conditions.

commercial,

The hospitality zones were strategically chosen due to their

high concentration of hotels, resorts, serviced apartments,

convention  centers, and tourism-linked commercial

establishments. These areas also exhibited:

e Extensive ornamental landscaping,

o  Multiple artificial water features,

e  Continuous water storage facilities, and

e Basement drainage systems, all of which are ecologically
conducive to mosquito breeding.

The climate of the study area is categorized by:

e Summer (March-June) with temperature ranging from 28-
42 °C,

e Monsoon (July-September) with heavy rainfall and high
humidity, and

e  Winter (October-February) with moderate temperatures
ranging between 12-25 °C.

3.3 Selection of Hospitality Establishments

To ensure representative ecological sampling, hospitality

establishments were classified into three operational

categories based on infrastructure scale:

1. Luxury Hotels (4-5 Star Category): characterized by
large landscaped gardens, swimming pools, fountains,
rooftop water tanks, recreational ponds, and extensive
service areas.

2. Mid-Range and Budget Hotels (2-3 Star Category):
characterized by moderate landscaping, standardized
water storage systems, and limited open garden space.

3. Business Hotels and Serviced Apartments:
characterized by high-rise building structures, rooftop
water tanks, underground sewage lines, and compact
utility zones.

From each category, multiple establishments were selected
through stratified random sampling, ensuring proportional
representation of each hotel type. Written permission was
obtained from hotel management authorities prior to field
investigation. Confidentiality of hotel identity was maintained
strictly for ethical reasons.

3.4 Survey Schedule and Seasonal Coverage

Field surveys were conducted once every month for twelve
months, covering:

e  Pre-monsoon period (March-June),
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e Monsoon period (July-September),
e Post-monsoon period (October-November), and
e  Winter period (December-February).

Surveys were carried out during:
e Early morning hours (6:00-9:00 AM) for larval sampling,

https://www.dipterajournal.com

and
e Evening and night hours (6:00-10:00 PM) for adult
mosquito collection.

This temporal strategy ensured optimal detection of both
immature and adult mosquito populations.

Table 1: Comparison of Vector Indices across Hotel Categories

Hotel Category Container Index (Cl %) Breteau Index (BI) Larval Density Index (LDI)
Luxury Hotels 42.6 66.2 14.8

Budget Hotels 48.4 54.9 11.3

Business Hotels 35.2 41.7 9.6

Interpretation: Luxury hotels showed the highest outbreak potential due to larger infrastructure.

3.5 Identification of Potential Breeding Habitats

A comprehensive checklist of potential mosquito breeding
habitats within hotel premises was prepared prior to field
surveys. All water-holding structures were systematically
examined, including:

e Rooftop overhead tanks

Underground sumps

Decorative fountains

Acrtificial ponds

Swimming pool overflow channels

Basement drainage systems

Rainwater harvesting pits

e  Flower pots and trays

e  Broken ceramic containers

e Discarded plastic cups and bottles

e Air conditioning drip trays

e Construction debris and open cement tanks

o  Staff residential quarters and service corridors

Each breeding habitat was geo-tagged and coded for periodic

monitoring. Habitat characteristics such as shade, water depth,

presence of organic matter, and water stagnation duration

were also recorded.

3.6 Larval Sampling Techniques

Larval surveys were conducted using standard dipping and

pipette collection techniques recommended for mosquito

ecological surveillance.

e Clean water habitats such as tanks, fountains, and plant
trays were sampled using 350 mL standard larval dippers.

e Narrow containers and artificial crevices were sampled
using glass pipettes.

e Each water body was subjected to three to five dips,
depending on size and volume.

The number of larvae per dip was recorded to estimate:
e Larval Density Index (LDI),

e Container Index (Cl), and

e Breteau Index (BI).

All collected larvae were transferred to labeled specimen vials
containing 70% ethanol and transported to the laboratory for
taxonomic identification.

3.7 Adult Mosquito Collection Methods
Adult mosquito sampling was executed using a combination
of the following standardized techniques:
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3.7.1 Light Trap Collection

CDC miniature light traps were installed at:
Hotel gardens,

Service corridors,

Waste disposal areas, and

Staff accommodation zones.

Traps were operated for 10 hours overnight (6 PM-4 AM).

3.7.2 Hand Aspirator Collection

Hand-held aspirators were used for resting collection inside:
e Basement areas,

Storage rooms,

Elevator lobbies,

Hotel kitchens,

Staff dressing rooms, and

Indoor plant corners.

3.7.3 Human Landing Catch (Limited and Ethical)

With prior ethical clearance and precautionary measures,
limited human landing catch was conducted under supervised
conditions to assess biting intensity and host-seeking behavior
during peak mosquito activity hours.

All adult mosquitoes were killed using chloroform vapor and
stored in labeled insect storage boxes for further
identification.

3.8 Physico-Chemical Analysis of Breeding Water

Water samples from active larval habitats were collected in
sterile polyethylene bottles and transported to the laboratory
under cold-chain conditions. The following physico-chemical
parameters were analyzed using standard protocols:

Water temperature (°C)

pH

Dissolved Oxygen (DO)

Turbidity (NTU)

Total Dissolved Solids (TDS)

Organic Matter Content

The objective was to correlate environmental suitability with
larval density patterns, thereby identifying the optimal range
of ecological conditions favoring mosquito breeding.

3.9 Taxonomic Identification of Mosquito Species

Larvae were mounted on glass slides using Hoyer’s medium
and examined under a stereomicroscope. Adult mosquitoes
were identified using morphological taxonomic keys based
on:
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e  Proboscis structure,

e Wing venation,

e Leg banding pattern,

e Scutellum structure, and
e Abdominal scaling.

Species-level identification was conducted using standard
Indian mosquito identification manuals. The genus-level
classification focused primarily on;

e  Aedes spp.,

e Culex spp., and

e Anopheles spp.

3.10 Data Management and Statistical Analysis
Field data were entered into Microsoft Excel and processed

https://www.dipterajournal.com

using statistical software. indices were

computed:

e Container Index (CI) = (Number of positive containers /
Total containers inspected) x 100

e Breteau Index (BI) = (Number of positive containers /
Total premises inspected) x 100

e Larval Density Index (LDI) = (Total number of larvae /

Total dips)

The following

Seasonal variation was analyzed using descriptive statistics
and graphical trend analysis. Species dominance was
evaluated using:

e Relative abundance percentage,

¢ Shannon diversity index, and

e  Simpson dominance index.

Table 1: Distribution and Positivity of Mosquito Breeding Habitats in Urban Hospitality Zones

Breeding Habitat Type Total Inspected Positive for Larvae Positivity (%0)
Rooftop Water Tanks 84 52 62.4
Decorative Fountains & Ponds 74 43 58.1
Basement Drainage Systems 95 52 54.7
Discarded Plastic Containers 77 38 49.2
Flower Pots & Plant Trays 121 54 44.6
Swimming Pool Overflow Channels 66 21 31.8
Construction Pits & Debris 95 27 28.4
Total 612 287 46.9

Interpretation: Rooftop tanks and decorative fountains were the most productive breeding habitats.

4. Results

The present ecological investigation generated extensive
quantitative and qualitative data on mosquito breeding
habitats, species composition, seasonal abundance, and
environmental suitability within urban hospitality zones. The
results clearly demonstrate that hospitality-driven urban
microhabitats function as highly productive mosquito
breeding environments with significant implications for
public health and tourism sustainability.

4.1 Distribution and Positivity of Breeding Habitats

A total of 612 potential mosquito breeding habitats were
inspected across all surveyed hospitality establishments
during the twelve-month study period. Among these, 287
habitats (46.9%) were found positive for mosquito larvae,
reflecting a considerably high infestation level within hotel
premises.

The highest container positivity rates were recorded in:

e Rooftop overhead water storage tanks (62.4% positivity)
o Decorative fountains and ornamental ponds (58.1%)

Basement drainage systems (54.7%)

e Discarded plastic containers and construction debris
(49.2%)

e  Flower pots and plant trays (44.6%)

e Swimming pool overflow channels (31.8%)

In contrast, well-maintained closed water systems and
continuously chlorinated swimming pools recorded negligible
larval presence, indicating that maintenance standards play a
decisive role in vector suppression.

Luxury hotels exhibited the highest absolute number of
breeding habitats, largely due to their extensive landscaped
areas, multiple water features, rooftop gardens, and larger
service infrastructure. Budget hotels showed slightly lower
habitat counts but often demonstrated higher container
positivity due to poor maintenance, irregular water supply,
and inadequate drainage management.

These findings establish that hospitality infrastructure itself
acts as a structural driver of mosquito habitat creation,
independent of surrounding residential zones.

Table 4: Physico-Chemical Parameters of Active Breeding Water

Parameter Range Observed Optimal Range
Temperature (°C) 24 -32 26 - 30
pH 6.8-8.2 7.0-7.8
Dissolved Oxygen (mg/L) 46-7.8 50-7.0
Turbidity (NTU) 18 -52 20 - 45
TDS (ppm) 180 - 540 200 - 500
Organic Matter Moderate-High High

Interpretation: Hospitality water systems provide ideal mosquito growth conditions.
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Fig 1: Distribution of different mosquito breeding habitats (%)

4.2 Species Composition and Relative Abundance
Taxonomic identification of collected larvae and adult
mosquitoes revealed the presence of three dominant vector
genera: Aedes, Culex, and Anopheles. A total of 4,836
mosquito specimens were identified during the study period,
comprising both immature and adult stages.

The relative abundance pattern was as follows:

e Aedes aegypti - 58.3%

e  Culex quinquefasciatus - 28.6%

e Anopheles stephensi - 13.1%

The dominance of Aedes aegypti is ecologically significant, as
this species is the principal vector for dengue, chikungunya,
Zika, and yellow fever. Its strong association with clean
artificial water containers, such as rooftop tanks, flower pots,
and ornamental fountains, explains its overwhelming
dominance in hospitality environments.

Culex quinquefasciatus exhibited strong association with
basement drainage systems, wastewater accumulation zones,
and poorly maintained stormwater channels, reflecting its
preference for polluted organic-rich water. Anopheles
stephensi, though less abundant, was consistently detected in
underground water reservoirs and sunlit stagnant tanks,
indicating a persistent urban malaria transmission risk within
hospitality premises.

4.3 Seasonal Variation in Mosquito Abundance

Marked seasonal variation was observed across all mosquito
genera. Monsoon and post-monsoon periods recorded peak
larval and adult densities, while winter months showed the
lowest population abundance.

4.3.1 Pre-Monsoon Period (March-June)

During the pre-monsoon phase, mosquito breeding remained
moderate but steadily rising due to increasing temperatures
and intermittent water stagnation from artificial irrigation.
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Rooftop tanks and flower pots remained the primary breeding
niches for Aedes aegypti.

4.3.2 Monsoon Period (July-September)

The monsoon period recorded the highest mosquito
abundance, accounting for nearly 47% of total annual larval
collections. Heavy rainfall resulted in:

Overflow of water tanks,

Expansion of temporary rain-filled containers,
Waterlogging in basement drains,

Rapid organic enrichment of ornamental ponds.

This environment proved optimal for explosive Aedes
population growth. Adult mosquito density during monsoon
months was nearly three times higher than winter levels,
substantially increasing guest exposure and disease
transmission risk.

4.3.3 Post-Monsoon Period (October-November)
Post-monsoon months exhibited sustained high breeding
activity, as residual water stagnation persisted while
temperatures remained favorable for larval development.
Larval productivity during this phase was particularly intense
in construction debris, discarded containers, and rooftop water
storage areas.

4.3.4 Winter Period (December-February)

Winter months showed a gradual population decline, with
breeding largely restricted to climate-protected habitats such
as indoor drains, underground sumps, and covered tanks.
Despite reduced abundance, mosquito infestation was never
completely eliminated, indicating year-round vector
persistence within hospitality environments.

4.4 Habitat-Specific Breeding Productivity
Analysis of larval productivity clearly revealed that not all
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breeding habitats contributed equally to overall mosquito
abundance. Based on larval density index (LDI), the most
productive breeding habitats were ranked as follows:

Rooftop water tanks

Decorative fountains and artificial ponds

Basement wastewater drains

Discarded plastic containers

Flower pot trays and indoor plant containers

Construction pits

Swimming pool drainage channels

Nog,rwhE

Rooftop tanks exhibited high water stability, moderate shade,
neutral pH, and regular human access, which together created
ideal long-term breeding niches for Aedes mosquitoes.
Decorative fountains provided continuous aerated stagnant
water, enhancing oxygen availability and larval survival.
Basement drains remained shaded, humid, and organically
enriched conditions optimal for Culex breeding.

4.5 Physico-Chemical Characteristics of Breeding Water
Physico-chemical analysis of larval habitats confirmed that

https://www.dipterajournal.com

hospitality-generated  mosquito environments
possess high ecological suitability.

The observed parameter ranges were:

e Temperature: 24 °C-32 °C

e pH:6.8-8.2

e Dissolved Oxygen: 4.6-7.8 mg/L

e Turbidity: 18-52 NTU

e Total Dissolved Solids: 180-540 ppm

e Organic Matter: Moderate to high

breeding

Maximum larval density consistently occurred at water
temperatures between 26-30 °C and pH between 7.0-7.8,
confirming these as the optimum developmental range for
urban mosquitoes. High organic matter concentration strongly
correlated with elevated Culex larval densities in basement
drains.

These findings empirically demonstrate that hospitality water
ecosystems unintentionally reproduce optimal mosquito
growth environments throughout the year.

Table 2: Species Composition and Relative Abundance of Mosquitoes

Mosquito Species Number Collected Relative Abundance (%0)
Aedes aegypti 2,820 58.3
Culex quinquefasciatus 1,384 28.6
Anopheles stephensi 632 13.1
Total 4,836 100

Interpretation: Aedes aegypti dominance indicates high dengue and chikungunya risk.

4.6 Breeding Indices across Hotel Categories

Vector indices calculated across different hotel categories
revealed significant risk differentials:

Luxury Hotels

¢ High Breteau Index (BI)

e Moderate Container Index (CI)

e High Larval Density Index (LDI)

Budget Hotels

e Moderate Bl
e HighCl

e Moderate LDI

Business Hotels

e Moderate Bl
e LowCl

e Moderate LDI

Luxury hotels recorded the highest risk value for large-scale
outbreak potential due to extensive habitat availability.
Budget hotels exhibited high container positivity, reflecting
inconsistent housekeeping protocols and limited infrastructure
maintenance.

4.7 Adult Mosquito Activity and Human Exposure Risk
Adult mosquito collections recorded substantially high resting
and host-seeking densities in:

e Garden hedges

Waste disposal zones

Basement halls

Staff residential quarters

Indoor plant corners
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Peak biting activity occurred between 6:30 PM and 9:30 PM,
coinciding with peak guest movement across hotel outdoor
recreational areas. This synchronized overlap between human
activity and peak mosquito host-seeking behavior
significantly elevates disease transmission risk.

Human landing catches produced the highest Aedes capture
rates near:

e Poolside lounges

e  Open-air dining terraces

e Convention garden halls

This confirms that guest leisure zones represent the point of
maximum  vector-human  contact  within  hospitality
infrastructure.

4.8 Correlation between Environmental Parameters and

Mosquito Density

Statistical correlation analysis revealed:

e Positive correlation between temperature and larval
density

e Strong positive correlation between organic matter and
Culex larval density

e Moderate correlation between turbidity and Anopheles
breeding

e Negative correlation between dissolved oxygen extremes
and larval survival

These results confirm that mosquito population dynamics in
hospitality zones are tightly regulated by micro-environmental
management practices rather than only macro-climatic
conditions.
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Table 3: Seasonal Distribution of Mosquito Larval Density

Season Mean Larval Density (larvae/dip) Percentage Contribution
Pre-Monsoon 8.4 19.6

Monsoon 16.7 47.0
Post-Monsoon 12.1 27.8

Winter 4.3 5.6

Interpretation: Maximum breeding occurred during the monsoon season.

5. Discussion

The present ecological investigation provides compelling
evidence that urban hospitality zones are rapidly emerging as
critical mosquito breeding hotspots, driven by infrastructural
design, continuous water availability, landscaping practices,
and high human mobility. The dominance of artificial water-
holding structures within hotel premises significantly alters
the urban micro-ecological balance in favor of vector
persistence and disease transmission. The findings of this
study offer important insights into the growing public health
vulnerability embedded within modern hospitality landscapes.

5.1 Hospitality Infrastructure as a Driver of Urban
Mosquito Ecology

One of the most significant outcomes of this study is the
confirmation that hospitality-specific infrastructure directly
shapes mosquito breeding ecology. Unlike residential settings,
hotels and resorts operate with:

e  Continuous high-volume water storage,

Artificial ornamental water bodies,

Irrigated landscaping,

Basement drainage networks, and

Rooftop utility systems.

These features collectively produce permanently stable
aquatic microhabitats, which allow mosquito populations
especially container-breeding Aedes species to thrive year-
round. Rooftop water tanks emerged as the highest
productivity breeding habitats, underscoring the ecological
vulnerability introduced by vertical urban construction and
centralized water storage systems.

Unlike natural breeding sites, artificial hospitality water
systems are insulated from seasonal drying, ensuring
uninterrupted mosquito reproduction cycles. This structural
permanence fundamentally transforms mosquito population
dynamics from seasonally regulated to structurally sustained,
thereby escalating disease risks throughout the year.

5.2 Dominance of Aedes aegypti and Vectorial Implications
The overwhelming dominance of Aedes aegypti within
hospitality environments has profound epidemiological
significance. This species is a highly anthropophilic and
endophilic vector, exhibiting:

Daytime biting behavior,

Preference for indoor resting,

Strong attraction to human-made containers,

High adaptability to urbanized environments.

Its dominance directly links hospitality zones with heightened
dengue, chikungunya, Zika, and yellow fever transmission
potential. The frequent interaction between Aedes mosquitoes
and international travelers further amplifies the probability of
pathogen introduction, circulation, and cross-border disease
diffusion.

The persistent detection in

of Anopheles stephensi
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underground water reservoirs also confirms the re-emergence
of urban malaria risk within hospitality landscapes.
Traditionally considered a peri-urban vector, Anopheles
stephensi has now demonstrated strong urban adaptability,
further complicating vector management strategies in hotel
environments.

5.3 Seasonal Amplification and Climate Sensitivity

The marked seasonal escalation of mosquito abundance
during the monsoon and post-monsoon periods aligns with
established mosquito ecology principles. Rainfall creates:
Expanded surface water accumulation,

e  Overflow of rooftop tanks,

e Increased organic enrichment of drains,

e Prolonged stagnation in ornamental ponds.

These factors collectively fuel exponential larval

multiplication. However, what distinguishes hospitality zones
from conventional urban neighborhoods is the retention of
breeding habitats even during dry seasons. Continuous
irrigation of lawns, artificial fountains, and rooftop garden
watering practices create artificial monsoon-like conditions
throughout the year, thereby flattening the natural seasonal
decline in mosquito populations.

This structural-seasonal interaction suggests that hospitality
zones function as vector population reservoirs, from which
mosquitoes can disperse into adjoining residential and
commercial neighborhoods, sustaining broader urban
transmission cycles.

5.4 Physico-Chemical Suitability of Hospitality Water
Systems

The physico-chemical characteristics recorded in breeding
habitats clearly demonstrate that hospitality water ecosystems
unintentionally  replicate  optimal mosquito  growth
environments. The dominant range of temperature (26-30°C),
neutral pH, moderate turbidity, and elevated organic matter
content collectively foster:

Faster larval development,

Higher pupation success,

Increased adult emergence rates,

Shortened gonotrophic cycles.

In basement drains and wastewater channels, elevated organic
matter strongly correlated with high Culex larval densities,
reinforcing the role of maintenance failure and waste
mismanagement as primary ecological drivers. These findings
highlight that mosquito infestation within hospitality zones is
not merely a biological issue but a systemic facilities
management challenge.

55 Guest Exposure and Behavioral
Mosquito Activity
Perhaps the most concerning implication of this study is the

Overlap with
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synchronization of peak adult mosquito activity with peak
guest leisure behavior. The highest host-seeking activity
recorded between 6:30 PM and 9:30 PM directly overlaps
with:

e Poolside relaxation,

e  Open-air dining,

e  Garden recreation,

e Evening entertainment programs.

This spatial-temporal congruence significantly enhances
human-vector contact probability, which is a critical
determinant of disease transmission intensity. The
concentration of guest activity in landscaped outdoor spaces
precisely where mosquito resting density is highest creates
high-exposure transmission corridors within hospitality
environments.

Moreover, luxury hotels, despite superior infrastructure,
exhibited higher overall vector risk due to the sheer scale of
amenities and complex water systems. Thus, hospital standard
does not equate to vector safety, and in some cases, luxury
features may inadvertently expand ecological vulnerability.

5.6 Inadequacy of Conventional Chemical-Based Vector
Control

The heavy reliance of hotels on reactive chemical fogging and
aerosol spraying emerges as a fundamental weakness in
current mosquito management strategies. While chemical
spraying may temporarily suppress adult populations, it fails
to:

e Eliminate larval habitats,

e Prevent recolonization,

e  Address insecticide resistance,

e  Ensure environmental and guest safety.

Repeated detection of breeding larvae despite routine spraying
indicates that hospitality mosquito control practices are
largely symptomatic rather than preventive. Furthermore,
indiscriminate insecticide usage risks accelerating insecticide
resistance among urban mosquito populations, ultimately
reducing long-term control effectiveness.

The study strongly supports the ecological principle that
source reduction through habitat elimination is far more
effective than chemical knockdown alone, especially in
artificial environments where breeding sites are structurally
predictable.

5.7 Knowledge Gaps and Training Deficits in Hospitality
Workforce

A critical structural limitation identified during field
investigations was the lack of formal training among hotel
maintenance and housekeeping staff regarding mosquito
ecology and breeding habitat identification. Most staff
associated mosquito control exclusively with:

e Visible adult mosquitoes,

e  Guest complaints,

e  Government spray campaigns.

There was minimal awareness regarding:

e Larval source detection,

e Container management,

e  Water stagnation risks,

e  Seasonal variation in breeding intensity.
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This knowledge gap significantly weakens early surveillance
capacity within hospitality systems. Without ecological
literacy among frontline staff, even structurally advanced
hotels remain ecologically vulnerable to persistent vector
colonization.

5.8 Implications for Urban Public Health and Tourism
Sustainability

Urban hospitality zones occupy a uniquely sensitive position
at the intersection of public health security, economic
stability, and international mobility. Vector-borne disease
outbreaks linked to hotels or tourism clusters can trigger:

e  Severe reputation damage to hospitality brands,
International travel advisories,

Sudden guest cancellations,

Insurance disputes and legal liabilities,

Long-term destination image erosion.

Unlike residential outbreaks, hospitality-linked outbreaks
receive disproportionate media attention, intensifying socio-
economic consequences. Thus, the failure to address
ecological vector hotspots within hospitality environments is
not merely a biological omission but a strategic governance
failure with far-reaching economic implications.

The results of this study firmly establish that mosquito
management must be formally institutionalized as a core
component of hospitality risk governance and sustainable
tourism policy.

5.9 Theoretical Contribution to Urban Vector Ecology
From a theoretical perspective, this study contributes to the
framework of “hospitality-driven urban vector ecology,”
wherein tourism and accommodation infrastructures actively
restructure urban disease ecologies. Hospitality zones:

Create structurally stable mosquito habitats,

e Intensify human-vector contact rates,

e Act as dissemination hubs due to traveler mobility,

e  Sustain vector persistence beyond climatic constraints.
This establishes hospitality landscapes as ecological

amplifiers of urban mosquito-borne disease risk, warranting
their formal recognition as a distinct category in urban vector
surveillance and epidemiology.

6. Implications for Hospitality Management and Public
Health

The findings of this study have substantial implications for
both hospitality operations and urban public health
governance, particularly in the context of rapidly urbanizing
tourism destinations. As urban hospitality zones increasingly
function as mosquito breeding reservoirs and transmission
corridors, a paradigm shift is required in how hotels perceive
and manage vector-related risks. Mosquito control can no
longer be treated as a peripheral housekeeping task; instead, it
must be institutionalized as a core operational, ecological, and
public health responsibility.

6.1 Reframing Mosquito Control as a Guest Safety
Priority

Traditionally, hospitality safety management has focused on
fire safety, food hygiene, water quality, and physical security.
However, the present study clearly demonstrates that vector-


https://www.dipterajournal.com/

International Journal of Mosquito Research

borne diseases constitute an equally critical but
underrecognized safety threat within hospitality premises. The
strong presence of Aedes aegypti across guest recreational
spaces directly exposes travelers to dengue and chikungunya
infection risk.

Mosquito management must therefore be integrated into
Guest Health and Safety Protocols, alongside sanitation audits
and environmental health inspections. Vector surveillance
data should become part of routine hotel safety reporting
systems, and mosquito indices should be tracked with the
same seriousness as hygiene compliance scores.

6.2 Integration of Ecological Surveillance into Hotel

Operations

The structural predictability of mosquito breeding habitats

within hotel premises provides a unique opportunity for

targeted ecological surveillance and source reduction. The

study demonstrates that a limited number of habitat categories

particularly rooftop tanks, fountains, basement drains, and

discarded containers account for the majority of mosquito

production.

Hospitality operators must adopt the following ecological best

practices:

e  Weekly inspection of rooftop tanks and sumps

e Regular desilting and flushing of basement drain systems

e Continuous water circulation and filtration in fountains

e Elimination of unnecessary water-holding decorative
containers

e  Proper waste segregation and rapid disposal of discarded
plastics

e Design modification of air-conditioning drip systems to
prevent standing water

By shifting emphasis from chemical spraying to structural
habitat management, hotels can achieve long-term vector
suppression with lower environmental and health risks.

6.3 Capacity Building and Workforce Training

One of the most critical institutional weaknesses revealed by

this study is the limited ecological literacy among hotel

maintenance and housekeeping staff. Without proper training,

even well-resourced hotels fail to identify early-stage larval

habitats, allowing mosquito populations to establish before

visible adult infestation occurs.

Hospitality training institutions and hotel chains should

therefore introduce:

e Basic mosquito ecology modules in staff induction
programs

e Hands-on larval identification workshops for engineering
and housekeeping teams

e Seasonal vector-risk alert briefings, especially before
monsoon periods

e Standard Operating Procedures (SOPs) for larval source
management

Such capacity-building initiatives can transform frontline
hospitality staff into the first line of urban vector surveillance,
significantly strengthening preventive control.

6.4 Sustainable and Eco-Friendly Vector Management
The indiscriminate use of chemical fogging observed across
hospitality establishments raises concerns regarding guest
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health, environmental contamination, and insecticide

resistance. Sustainable hospitality demands the adoption of

eco-friendly vector control solutions, including:

o Biological larvicides (Bti-based formulations)

e Larvivorous fish in ornamental ponds

e Neem-based and plant-derived repellents

e Physical barriers such as mosquito-proof water tank
covers

e  Smart mosquito traps in high-risk zones

Such green interventions not only reduce ecological toxicity
but also enhance the sustainability branding of hotels,
increasingly valued by environmentally conscious travelers.

6.5 Public Health Surveillance and Urban Governance

From a public health perspective, hospitality zones must be

formally integrated into municipal vector surveillance

networks. At present, most government vector control

programs prioritize residential colonies, slums, and peri-urban

settlements, while hotels remain largely excluded from

routine epidemiological monitoring.

Urban health authorities should:

e Mandate routine vector audits for hotels as part of
licensing requirements

e Establish data-sharing mechanisms between
management and public health departments

e Enforce penalty systems for persistent breeding violations

e Conduct joint hotel-municipality pre-monsoon vector
clean-up drives

hotel

Hotels should not be treated as isolated private properties but
as public health-sensitive infrastructures, given their role in
disease amplification through traveler mobility.

6.6 Tourism Risk Governance and Destination Image
Protection

The tourism industry is exceptionally sensitive to disease
outbreaks. Vector-borne disease clusters linked to hospitality
zones can generate immediate media backlash, international
advisories, booking cancellations, and long-term destination
image deterioration. Unlike residential outbreaks, hospitality-
linked cases attract international scrutiny due to traveler
involvement.

7. Conclusion

This ecological investigation establishes, with strong
empirical evidence, that urban hospitality zones are no longer
passive recipients of mosquito infestation but have become
active ecological amplifiers of vector breeding and disease
transmission. The dense clustering of artificial water systems,
landscaped environments, rooftop tanks, basement drains, and
discarded containers created by modern hospitality
infrastructure fundamentally reshapes urban mosquito ecology
in favor of year-round vector persistence.

The overwhelming dominance of Aedes aegypti within hotel
environments signals a high transmission potential for
dengue, chikungunya, and other arboviral diseases. The
persistent presence of Anopheles stephensi further confirms
that urban malaria risk remains embedded within hospitality
landscapes. Seasonal monsoon amplification, coupled with
continuous artificial irrigation and water storage, eliminates
the natural seasonal decline in mosquito breeding, allowing
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vector populations to remain stable throughout the
year.Perhaps the most critical outcome of this study is the
demonstrated synchronization between peak mosquito biting
activity and peak guest leisure behavior, especially in open-air
dining areas, poolside lounges, and garden recreational zones.
This spatial-temporal overlap drastically intensifies human-
vector contact rates, directly elevating transmission risk
within hotel premises.

The study also exposes a major institutional gap in hospitality
mosquito control practices. Heavy dependence on reactive
chemical fogging, absence of ecological habitat surveillance,
and lack of staff training collectively weaken vector
management effectiveness and encourage insecticide
resistance. Vector control remains treated as a temporary
nuisance-control  activity rather than a structured
environmental health responsibility. From a broader
perspective, this research introduces the critical concept of
hospitality-driven urban vector ecology, in which tourism and
accommodation infrastructures actively restructure disease
landscapes by creating structurally protected vector breeding
environments and intensifying population  mobility.
Hospitality zones thus function as urban disease amplification
hubs, not merely as passive exposure sites. The implications
of these findings are far-reaching. Effective mosquito
management in hospitality zones is no longer optional it is a
strategic necessity for public health protection, tourism
sustainability, corporate risk governance, and destination
competitiveness. Hotels must institutionalize ecological
surveillance, embrace sustainable vector control technologies,
and invest in workforce capacity building. Simultaneously,
public health authorities must formally integrate hospitality
zones into urban disease surveillance systems.
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