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Abstract

How do invasive plant species reshape arthropod communities in fire-prone Mediterranean
ecosystems? This question sits at the heart of biodiversity conservation in the Cape Floristic Region,
where alien plants have transformed large tracts of native fynbos habitat. The present research
examined the effects of four invasion intensity levels (uninvaded, low, moderate, and high) on native
arthropod diversity across eight sampling sites in the Stellenbosch mountain corridor, Western Cape,
South Africa. Pitfall traps and sweep nets were deployed monthly from March to October 2023 to
capture ground-dwelling and foliage-associated arthropods. A total of 11,247 arthropod specimens
belonging to 193 morphospecies were collected and identified. Shannon diversity values dropped from
3.12 in uninvaded plots to 1.58 in heavily invaded plots, and species richness fell by 54.7% along the
invasion gradient. Coleoptera and Hymenoptera showed the sharpest declines, while certain generalist
Diptera increased in invaded areas. Canonical correspondence analysis linked arthropod community
shifts to reduced native plant cover, altered litter depth, and changed soil moisture under invasive
Acacia stands. The results point to a threshold effect at moderate invasion levels, beyond which
arthropod community recovery may become difficult without active restoration. These findings carry
weight for prioritizing alien clearing programs in biodiversity hotspots and for understanding how plant
invasions cascade through higher trophic levels.

Keywords: Invasive plants, arthropod diversity, mediterranean shrublands, biological invasion, native
biodiversity, fynbos ecology, pitfall trapping, species richness, acacia invasion, trophic disruption

Introduction

What happens to the small creatures that hold an ecosystem together when the plants around
them are replaced by foreign species? This question isn't merely academic - it gets at the
functional backbone of ecosystems where arthropods serve as pollinators, decomposers, prey
items, and soil engineers. Biological invasions rank among the top drivers of biodiversity
loss worldwide, and their effects on invertebrate fauna remain insufficiently documented
compared to impacts on vertebrates or plant assemblages [,

Mediterranean-type ecosystems are particularly susceptible to plant invasions because of
their long history of human disturbance and the fire-adapted traits that many alien species
exploit 2. The Cape Floristic Region of South Africa, recognized as a global biodiversity
hotspot, supports an estimated 9,000 plant species, roughly 70% of which occur nowhere else
Bl Yet the fynbos shrublands that define this region face steady encroachment by Australian
Acacia species, European pines, and other woody invaders. These alien plants alter soil
chemistry, change fire regimes, and create dense canopies that shade out native understory
vegetation 41,

Arthropods make up the bulk of terrestrial animal diversity in fynbos, but their response to
plant invasion hasn't received the same attention as plant community changes ). A handful
of earlier investigations found lower beetle richness in Acacia-invaded coastal fynbos ¢! and
reduced ant diversity beneath pine plantations [1. However, most of these efforts looked at
single taxonomic groups or single invasion stages. Broad, multi-taxon assessments across a
gradient of invasion intensity are scarce.

The relationship between plant structural complexity and arthropod diversity has been well
documented in other biomes. Native shrublands offer a mosaic of microhabitats - open sandy
patches, ericoid leaf litter, restio tussocks - that support specialized arthropod assemblages [®1.
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When invasive trees replace this mosaic with a uniform
canopy and deep, chemically distinct leaf litter, the habitat
template for native arthropods changes drastically .

This research addressed three questions: (1) How does
native arthropod abundance and diversity change across an
invasion gradient in mountain fynbos? (2) Which arthropod
orders are most sensitive to invasion? (3) What
environmental variables best explain community shifts
along the gradient? By answering these, the research aimed
to provide data that could inform alien-clearing
prioritization and post-clearing monitoring in the Western
Cape.

Material and Methods

Research Area Description

The research was carried out in the Stellenbosch mountain
corridor (33°48'S, 18°52'E), a belt of mountain fynbos
stretching between Jonkershoek Nature Reserve and
Simonsberg in the Western Cape, South Africa. Elevation
across the eight sampling sites ranged from 280 to 510 m
above sea level. The area receives a mean annual rainfall of
1,014 mm, concentrated between May and September, with
dry summers from November to February. Soils are derived
from Table Mountain sandstone and are typically acidic (pH
4.3-5.1), nutrient-poor, and well-drained "%, Dominant
native vegetation includes proteoid and ericaceous fynbos
with Protea repens, Erica species, and Restionaceae grasses.
Acacia saligna and Acacia mearnsii are the main invasive
species at the sites, with invasion history spanning 15-40
years depending on location.

Material

Arthropod sampling gear consisted of 96 pitfall traps (250
ml plastic cups, 7 cm diameter) and standard sweep nets (38
cm diameter). Each of the eight sites received 12 pitfall
traps arranged in a 3 x 4 grid with 10 m spacing. Traps were
filled with 70% ethanol mixed with a drop of unscented
detergent to break surface tension. Sweep net collections
supplemented the pitfall data by targeting foliage-dwelling
arthropods. Environmental measurements were taken using
a Kestrel 5500 weather meter, a Delta-T Theta Probe for soil
moisture, and a spherical densiometer for canopy cover. All
specimens were transported to the laboratory at the Fynbos
Institute of Biodiversity for sorting, counting, and
identification to order and morphospecies level.
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Methods

The research ran from March to October 2023, with monthly
sampling events at each site. Sites were classified into four
invasion categories based on percentage cover of alien
woody plants: uninvaded (<5%), low invasion (5-25%),
moderate invasion (26-60%), and high invasion (>60%).
Two replicate sites were assigned to each category after
ground-truthing with line-intercept transects. Pitfall traps
were left active for 72-hour intervals each month, and sweep
netting was performed along three 50 m transects per site on
the same days. Specimens were sorted under a stereo
microscope, identified to order, and then separated into
morphospecies using external morphological features.
Shannon diversity (H'), Simpson's dominance (D), and
Pielou's evenness (J) were calculated for each site and
month. Community composition was analyzed using
canonical correspondence analysis (CCA) in CANOCO 5.0,
with environmental predictors including native plant cover,
litter depth, soil moisture, canopy openness, and soil pH.
Differences in total abundance and diversity among invasion
categories were tested with one-way ANOVA followed by
Tukey's HSD post-hoc comparisons in R version 4.3.1 1],
Significance was set at p < 0.05 for all tests. Ethics
clearance was granted by the Fynbos Institute of
Biodiversity Research Ethics Board (Protocol FIB-2023-
014, approved January 2023).

Results
Table 1: Arthropod diversity metrics across four invasion intensity

levels in mountain fynbos, Stellenbosch corridor (mean + SE, n =2
sites per level)

Metric Uninvaded| Low |Moderate| High

Total abundance 2,847£214 |2,193+178|1,524+163| 981£127

Morphospecies richness| 128+11 97+9 7148 5846

Shannon H' 3.1240.14 |2.74+0.12]2.21£0.11 [1.58+0.09
Simpson D 0.91£0.03 | 0.84+0.04|0.73+0.05 [0.59+0.04
Pielou J 0.87+0.04 {0.81+0.03]0.72+0.05 [0.63+0.04

Arthropod abundance and diversity dropped consistently
with increasing invasion intensity (Table 1). Total specimen
counts in highly invaded plots were only 34.4% of those in
uninvaded areas (F = 18.73, df = 3, p < 0.001). Shannon
diversity fell by roughly half from uninvaded to high-
invasion sites, and evenness values indicated growing
dominance by a few generalist taxa under heavy invasion.
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Fig 1: Mean arthropod abundance (individuals per trap) for native and invasive-associated arthropods across four invasion intensity levels in
mountain fynbos
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Native arthropod abundance declined steeply with invasion
intensity (Figure 1). In uninvaded plots, native species
averaged 147.3 individuals per trap, but this dropped to just
439 in heavily invaded plots. Conversely, arthropods
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associated with invasive plant litter - mainly certain
Collembola and Diptera - rose from 8.2 to 69.3 individuals
per trap along the same gradient.

Table 2: Relative abundance (%) of major arthropod orders across invasion categories

Order Uninvaded Low Moderate High
Coleoptera 28.4 22.1 14.7 9.3
Hymenoptera 24.6 19.8 13.2 8.1
Diptera 12.3 18.7 274 34.6
Araneae 11.8 10.4 8.6 7.2
Collembola 9.7 14.3 21.8 28.9
Others 13.2 14.7 14.3 11.9

Coleoptera and Hymenoptera were the most invasion-
sensitive orders, their relative abundance falling by 67.3%
and 67.1% respectively between uninvaded and high-

invasion sites (Table 2). Diptera and Collembola showed the
opposite trend, rising as litter from Acacia trees provided
new microhabitats for saprophagous flies and springtails.
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Fig 2: Monthly variation in Shannon diversity index (H') across four invasion intensity levels from March to October 2023

Shannon diversity peaked in May for all invasion categories,
corresponding with the onset of winter rains that trigger
arthropod activity in fynbos (Figure 2). The gap between
uninvaded and highly invaded sites remained consistent
across months, though it narrowed slightly during the
wettest period (June-July). Uninvaded sites recovered
diversity more quickly after mid-winter than heavily
invaded ones.

Biodiversity Assessment

Species accumulation curves approached an asymptote for
uninvaded and low-invasion sites after six months of
sampling, suggesting that the survey captured the bulk of the
arthropod community. However, curves for moderate and
high-invasion plots continued to rise slowly, indicating that
rare species were being lost and replaced by sporadic
visitors. The Chaol estimator predicted 142 morphospecies
for uninvaded plots versus only 67 for high-invasion plots.
Beta diversity (Bray-Curtis dissimilarity) between invasion
levels was highest between the uninvaded and high-invasion
categories (0.74), supporting the view that invasion doesn't
just reduce diversity - it restructures the entire community.

Discussion

The data from this research paint a clear picture: as Acacia
invasion intensifies, native arthropod communities in
mountain fynbos collapse in both richness and evenness.

The 54.7% drop in morphospecies richness along the
invasion gradient aligns with previous work on beetle
assemblages in lowland fynbos [°], but extends the pattern to
a broader taxonomic scope and elevational range.

Two mechanisms likely drive the observed decline. First,
the replacement of structurally diverse fynbos vegetation
with a dense Acacia canopy removes the fine-grained
habitat mosaic that specialized arthropods depend on ['21,
Native bees, wasps, and ground beetles associated with open
sandy patches and proteoid shrubs lose nesting sites and
foraging resources as alien trees close the canopy. Second,
Acacia leaf litter changes soil chemistry and moisture,
favoring generalist decomposers such as Collembola and
saprophagous Diptera while displacing litter-dwelling
specialists adapted to sclerophyllous leaf chemistry ['3,

The threshold pattern observed at moderate invasion levels
deserves attention. Below roughly 30% alien cover,
arthropod communities retained much of their native
character. But beyond this point, diversity metrics fell
sharply. This non-linear response matches predictions from
landscape ecology theory, which suggests that habitat loss
effects accelerate once a critical fragmentation threshold is
crossed ¥, For conservation managers, this implies that
early intervention - clearing alien plants before they reach
moderate density - could prevent disproportionate
biodiversity losses.

~102~


https://www.biologyjournal.net/

International Journal of Biology Sciences

One unexpected finding was the seasonal narrowing of
diversity differences during the wettest months. This may
reflect a temporary expansion of suitable microhabitats
under Acacia stands during winter, when litter moisture
supports a wider range of arthropods. But this effect was
short-lived, and diversity gaps widened again as conditions
dried.

Seasonal Variations

Temporal patterns in arthropod activity followed a distinct
winter-peak cycle, typical of winter-rainfall Mediterranean
systems. Abundance peaked from May to July and dropped
during dry months (January-February, outside sampling
window). The seasonal amplitude was smaller in highly
invaded sites, suggesting that dense canopy cover dampened
temperature and moisture fluctuations, creating a more
stable but less diverse microenvironment. This reduced
seasonality may partly explain the dominance of generalist
taxa in invaded plots.

Conclusion

Invasive Acacia species drove substantial declines in native
arthropod diversity across mountain fynbos in the
Stellenbosch corridor. Morphospecies richness fell by more
than half, and Shannon diversity decreased from 3.12 to
1.58 between uninvaded and highly invaded sites.
Coleoptera and Hymenoptera bore the largest losses, while
generalist Diptera and Collembola expanded under alien
canopies. The threshold response at moderate invasion
levels suggests that clearing efforts should target stands
before they reach 30% cover, as community recovery
becomes harder once this point is passed.

These results carry practical implications for the Working
for Water program and related alien-clearing initiatives in
the Western Cape. Monitoring arthropod diversity before
and after clearing could serve as a sensitive indicator of
ecosystem recovery - more so than plant diversity alone,
because arthropods respond to structural and chemical
changes that plants cannot capture 31, Future research
should track arthropod recolonization following alien
removal to determine how quickly native communities
bounce back and whether active habitat restoration (such as
reseeding with native plants) speeds up the process.

The research also reinforces the idea that invasive plants
don't simply reduce biodiversity; they restructure it. The
arthropod communities in heavily invaded fynbos weren't
just impoverished versions of native assemblages - they
were fundamentally different, dominated by decomposer
guilds rather than the pollinator-predator guilds typical of
intact fynbos. Recognizing this qualitative shift matters for
setting restoration targets that go beyond simple species
counts.
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