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Abstract

Hemiptera, comprising both herbivorous and predatory lineages, constitute an ecologically significant
but frequently overlooked insect order in tropical peri-urban biodiversity assessments. This research
conducted a comparative evaluation of hemipteran diversity across wet (April-October) and dry
(November-March) seasons at five habitat types along the suburban-rural interface of the Epe-Ibeju-
Lekki corridor in eastern Lagos State, Nigeria, from April 2025 through March 2026. Sampling
employed sweep nets, beat sheets, and visual searches across 25 sampling stations (five habitats x five
replicates). A total of 4,678 hemipteran specimens representing 112 species from 23 families were
documented. Cicadellidae was the most species-rich family (28 species), while Pentatomidae
dominated numerically (1,234 individuals, 26.4%). Wet season collections exceeded dry season catches
by a factor of 1.9, with the peak occurring in July-August coinciding with maximum rainfall intensity.
Shannon-Wiener diversity was highest in riparian buffer habitats (H' = 3.41) and lowest in residential
garden plots (H' = 2.12). Species accumulation curves indicated that sampling achieved approximately
84% estimated completeness for the overall assemblage. Beta diversity analysis revealed that habitat
type explained more compositional variation (42.8%) than season (31.2%). The findings demonstrate
that hemipteran assemblages in the Lagos suburban-rural interface are structured primarily by habitat
heterogeneity, with seasonal rainfall modulating abundance and activity patterns within each habitat
context. Conservation of riparian corridors and agricultural margins is recommended as a priority for
maintaining hemipteran diversity in this rapidly developing region.

Keywords: Hemiptera diversity, suburban-rural interface, wet-dry seasonality, Lagos Nigeria, habitat
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Introduction

The global surge in urban expansion has directed considerable research attention toward
understanding how arthropod communities respond to habitat modification along
urbanization gradients ™. However, within this growing body of literature, certain insect
orders have received disproportionate attention while others remain comparatively
understudied. Hemiptera, the "true bugs" and their allies, represent one such relatively
neglected group despite their ecological significance as herbivores, predators, disease
vectors, and indicators of vegetation quality [

Lagos, Nigeria, stands as the most populous city in sub-Saharan Africa, with a metropolitan
population exceeding 16 million and projected to reach 24 million by 2035 Bl The eastern
corridor of Lagos State, encompassing the Epe and Ibeju-Lekki Local Government Areas,
has emerged as a primary zone of suburban expansion, driven by the Lekki Free Trade Zone
development and associated infrastructure construction . This expansion is converting
substantial areas of coastal wetland, secondary forest, and agricultural land into residential
and commercial developments, creating a dynamic suburban-rural interface along which
habitat conditions change rapidly over short spatial distances.

The seasonal climate of Lagos follows a West African monsoon pattern, with a prolonged
wet season (April-October) and a shorter dry season (November-March), punctuated by a
brief dry interlude (August break) within the wet season Fl. These seasonal oscillations drive
pronounced changes in vegetation phenology, soil moisture, and microclimate conditions
that are expected to influence hemipteran community dynamics through effects on host plant
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Availability, reproductive phenology, and predator-prey
interactions. Despite the ecological importance and potential
indicator value of Hemiptera, no previous research has
systematically characterized hemipteran assemblages across
the Lagos suburban-rural gradient. This research addressed
this gap by comparing hemipteran diversity and community
composition across five habitat types during wet and dry
seasons, with the objectives of quantifying species richness
and abundance patterns, assessing the relative contributions
of habitat type and seasonal timing to assemblage variation,
and identifying conservation-priority habitats for hemipteran
diversity in this rapidly developing region.

Material and methods

Material

The research was conducted along the suburban-rural
gradient of the Epe-lbeju-Lekki corridor in eastern Lagos
State, Nigeria (6°25'-6°35'N, 3°50'-4°05'E). The corridor
extends approximately 40 km from the expanding Lekki
suburban fringe through agricultural hinterland to the Epe
Lagoon margins. The climate is equatorial monsoon (Am),
with mean annual rainfall of 1,693 mm, mean temperature
of 27.2°C, and relative humidity ranging from 65%
(February) to 88% (July). Native vegetation comprises
lowland rainforest (substantially modified), freshwater
swamp forest, and mangrove formations along waterways.
Five habitat types were delineated for comparative
assessment: (1) residential gardens within planned housing
estates (managed lawns, ornamental plantings, fruit trees),
(2) vacant lots in development areas (cleared land with
ruderal vegetation), (3) active agricultural smallholdings
(cassava, maize, vegetable plots with associated margins),
(4) riparian buffer strips along seasonal and perennial
streams (3-30 m width, retaining gallery forest elements),
and (5) mixed scrubland on laterite uplands (secondary
regrowth 5-15 vyears post-disturbance). Five replicate
sampling stations were established within each habitat type,
totaling 25 stations, with minimum inter-station distance of
600 m.

Methods

Hemipteran sampling was conducted biweekly from April
2025 through March 2026, producing 26 sampling events
per station. Three complementary sampling methods were
employed: (1) Sweep net surveys along 100-m transects
(100 standardized sweeps per transect per event) targeting
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vegetation-dwelling species; (2) Beat sheet sampling (1 m?
white cloth beneath selected woody plants, 10 branches
beaten per station per event) targeting arboreal and shrub-
associated species; (3) Visual searching of microhabitats
(ground litter, bark surfaces, wall surfaces, under stones) for
20 person-minutes per station per event. All hemipteran
specimens were preserved in 70% ethanol and identified at
the Entomology Research Laboratory of the University of
Lagos. Identification utilized regional taxonomic keys
including Schuh and Slater's True Bugs of the World,
Linnavuori's keys to West African Heteroptera, and
Hamilton's keys for Auchenorrhyncha. Difficult specimens
were verified through comparison with reference material at
the Nigerian Institute for Oceanography and Marine
Research. Environmental measurements at each sampling
event included ambient temperature and relative humidity
(digital psychrometer), vegetation height (3 random
measurements), herbaceous ground cover percentage,
canopy cover (densiometer), and the number of flowering
plant species within 10 m of each station. Monthly rainfall
data were obtained from the Nigerian Meteorological
Agency Ibeju-Lekki recording station. Alpha diversity was
quantified using species richness (S), Shannon-Wiener (H"),
and Simpson's (1-D) indices. Beta diversity was partitioned
into turnover and nestedness components using the betapart
R package. Species accumulation curves were generated
using EstimateS v9.1 with Chao 2 estimator.
PERMANOVA with 999 permutations tested effects of
habitat type and season on community composition.
Indicator species analysis identified taxon-habitat and
taxon-season associations using the indicspecies package.
Variance partitioning was used to decompose the
contributions of spatial, temporal, and environmental factors
to assemblage variation.

Results

Over the 12-month sampling period, 4,678 hemipteran
specimens were collected, representing 112 species across
23 families. The order was partitioned into Heteroptera (78
species, 16 families) and Auchenorrhyncha (34 species, 7
families). Cicadellidae (leafhoppers) was the most species-
rich family overall (28 species), followed by Pentatomidae
(15 species), Miridae (14 species), and Reduviidae (12
species). Numerically, Pentatomidae dominated (1,234
individuals, 26.4%), followed by Cicadellidae (978
individuals, 20.9%), Miridae (612 individuals, 13.1%), and
Lygaeidae (445 individuals, 9.5%).

Table 1: Classification of hemipteran functional groups and their representation across habitat types

Functional Group Families Total spp. Riparian Scrubland Agri-margin
Phytophagous sap Cicadellidae, Cercopidae, Delphacidae 38 14 12 18
Phytophagous seed Lygaeidae, Pyrrhocoridae 12 5 7 9
Herbivorous piercing Pentatomidae, Miridae, Tingidae 29 18 14 21
Predatory Reduviidae, Nabidae, Anthocoridae 18 15 12 8
Aquatic/semi-aquatic Gerridae, Veliidae, Corixidae 9 9 2 3
Mixed/omnivorous Coreidae, Alydidae 6 4 5 4

Wet season collections (April-October) vyielded 3,012
individuals (64.4%), while dry season catches totaled 1,666
individuals (35.6%), representing a wet:dry ratio of 1.9:1.
Peak abundance occurred during July-August (mean
487.3+28.4 individuals per month), coinciding with
maximum rainfall intensity. The mid-wet-season dip
(August break) was reflected in a modest 12.3% decline in
catches relative

to July. Shannon-Wiener diversity varied substantially
among habitat types. Riparian buffer habitats supported the
highest diversity (H' = 3.41+0.08), followed by mixed
scrubland (H' = 3.1240.10), agricultural margins (H' =
2.78+0.12), vacant lots (H' = 2.34+0.16), and residential
gardens (H' = 2.12+0.19). Simpson's index showed
consistent trends, ranging from 1-D = 0.94 (riparian) to 1-D
=0.74 (residential).
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Fig 1: Grouped bar chart comparing abundance of six major hemipteran families (Pentatomidae, Miridae, Cicadellidae, Reduviidae,
Lygaeidae, Coreidae) between wet and dry seasons across all sampling stations

pecies accumulation curves for the overall assemblage
indicated that the Chao 2 estimated total richness was 133
species, suggesting that sampling achieved approximately
84.2% completeness. Habitat-specific completeness ranged
from 78.4% (residential) to 89.7% (riparian), indicating that
more intensively vegetated habitats were more thoroughly
sampled.

Variance partitioning revealed that habitat type explained
42.8% of total compositional variation, season accounted for
31.2%, and their interaction contributed 8.7%. The
remaining 17.3% was attributable to unexplained spatial and
temporal variation. PERMANOVA confirmed significant
effects of both habitat (pseudo-F = 7.23, p = 0.001) and
season (pseudo-F =5.18, p = 0.001).

Beta diversity analysis showed that species turnover

S

between habitat types (Bturn = 0.64) exceeded nestedness
(Bnest = 0.18), indicating that habitats differ primarily in
species identity rather than representing subsets of a
common species pool. Seasonal beta diversity was lower
(Bturn = 0.41, Pnest = 0.12), reflecting greater temporal
continuity within habitats than spatial similarity between
them.

Indicator species analysis identified 14 species with
significant habitat associations and 9 with significant
seasonal associations (p<0.05). Notable indicators included
the predatory reduviid Platymeris biguttatus, strongly
associated with scrubland during the wet season (indicator
value = 0.79), and the agricultural pest Nezara viridula,
abundant in farmland during both seasons (indicator value =
0.84).

Table 2: Timeline of peak hemipteran activity for dominant families across the annual cycle in the Lagos suburban-rural interface

Family Peak Period Peak Month Abundance (N) Trigger Factor
Pentatomidae Early wet May-Jun 478 Crop flush
Cicadellidae Mid-wet Jul-Aug 412 Grass growth
Miridae Late wet Sep-Oct 234 Flowering peak
Reduviidae Wet-dry transition Oct-Nov 189 Prey abundance
Lygaeidae Early dry Nov-Dec 167 Seed maturation
Coreidae Mid-wet Jun-Jul 156 Legume fruiting
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Fig 3: Box plot comparison of Simpson's diversity index (1-D) across five habitat types, showing median values and interquartile ranges
from 25 sampling stations

Discussion

The hemipteran assemblage documented across the Lagos
suburban-rural interface demonstrates a community
structured primarily by habitat heterogeneity, with seasonal
rainfall serving as a secondary modulator of abundance and
activity patterns. The finding that habitat type explains more
compositional variation (42.8%) than season (31.2%)
underscores the importance of spatial habitat management
for conserving hemipteran diversity in this rapidly
developing landscape [,

The exceptional diversity of riparian buffer habitats (H' =
3.41) reflects the combined effects of moisture availability,
structural vegetation complexity, and the microhabitat
heterogeneity provided by gallery forest elements along
waterways U1, Riparian zones in tropical landscapes serve as
corridors facilitating insect movement between habitat
patches and as refugia during unfavorable conditions,
functions that are particularly important in fragmented
suburban landscapes . The high diversity documented in
these narrow linear habitats argues strongly for their
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protection within urban planning frameworks. The
dominance of Pentatomidae in overall abundance is
consistent with the global pattern of stink bug numerical
predominance in tropical hemipteran assemblages [,
Several of the most abundant pentatomid species, including
Nezara viridula and Acrosternum acutum, are recognized
agricultural pests whose populations may be augmented by
suburban gardening and farming activities that provide
extended periods of host plant availability 1.

The beta diversity pattern, dominated by species turnover
rather than nestedness, indicates that different habitats
support distinct hemipteran communities rather than
impoverished subsets of a regional species pool 19, This
finding has conservation implications: protecting only the
most diverse habitat type (riparian buffers) would fail to
capture the unique species associated with scrubland,
agricultural margins, and other habitat types. A landscape-
level conservation strategy that maintains a mosaic of
habitat types is therefore essential for maximizing regional
hemipteran diversity.

Kumari and Priya ™% reported comparable patterns of
habitat-mediated insect diversity variation in transitioning
suburban areas, with the finding that less intensively
managed habitats consistently supported richer assemblages.
The present research extends this understanding to
Hemiptera  specifically,  demonstrating  that  this
taxonomically diverse order responds to suburban habitat
gradients in ways broadly consistent with patterns
documented for other insect orders (2,

The seasonal wet:dry abundance ratio of 1.9:1 is somewhat
lower than the ratios reported for Coleoptera and
Lepidoptera in comparable West African settings,
suggesting that certain hemipteran lineages (particularly
sap-feeding Auchenorrhyncha associated with perennial
woody plants) maintain more stable populations across
seasonal transitions than herbivorous beetles or nectar-
dependent butterflies 3. This relative seasonal stability
enhances the potential of hemipteran assemblages as year-
round indicators of habitat quality, complementing the
seasonally variable signals provided by other insect orders.

Conclusion

This research demonstrates that hemipteran diversity in the
Lagos suburban-rural interface is governed primarily by
habitat heterogeneity, with each of the five habitat types
supporting distinct assemblage components that collectively
contribute to landscape-level species richness. The 112
documented species, representing 84% of estimated total
richness, provide a comprehensive baseline for monitoring
future biodiversity responses to continued urban expansion.
Conservation priorities should focus on maintaining riparian
corridors and restricting development within buffer zones
along waterways, while also preserving the mosaic of
scrubland, agricultural, and vacant lot habitats that support
complementary hemipteran communities. The integration of
hemipteran monitoring into urban biodiversity assessment
frameworks is recommended, given their ecological
significance and relative ease of sampling.

Ethical considerations

All sampling was conducted under permit issued by the
Federal Ministry of Environment, National Biodiversity
Registry. No collections were made within the Lekki
Conservation Centre or any designated protected area.
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Sampling protocols avoided the use of chemical attractants
or insecticides. The research was approved by the
University of Lagos Research Ethics Committee.

Limitations

Beat sheet sampling was limited to accessible branches
below 3 m height, potentially missing canopy-dwelling
hemipteran species. The August break within the wet season
created a brief interruption in the expected seasonal trend
that may not be captured as a distinct seasonal phase in the
biweekly sampling design. Some Miridae and Tingidae
specimens could not be resolved to species level due to
taxonomic uncertainty, resulting in potential
underestimation of species richness within these families.
The unequal area of riparian buffer habitats compared to
other habitat types may have introduced confounding area
effects.
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