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ABSTRACT

Arthropods are key regulators of ecosystem stability, regeneration, and sustainability through their involvement in
decomposition, nutrient recycling, soil improvement, biological control, and seed dispersal. Despite their immense
contribution to ecosystem functioning, the existing evidence remains limited across taxa, forest types, and ecological
functions. Additionally, the overall contribution of arthropod diversity to forest regeneration and health has not been
adequately synthesized. This review addresses this gap by integrating empirical evidence on the ecological roles,
population dynamics, and functional impacts of forest arthropods. Published literature from 2001 to 2026 was identified
through Google Scholar, Scopus, and Web of Science, with an emphasis on studies examining functional guilds, ecosystem
engineering, herbivory, decomposition, biomass, and responses to disturbance. The synthesis indicates that arthropods
support plant growth, survival, and continuity by accelerating litter and dung decomposition, improving soil characteristics,
and regulating pests through natural-enemy interactions. Insect herbivory may cause seedling mortality of up to 35%, while
ants, termites, beetles, and spiders can increase leaf-litter decomposition rates by approximately 31%. Arthropods also
contribute substantially to forest biomass, with an estimated contribution of about 300 Mt, although their functional
importance varies among regions and forest types. The novelty of this review lies in linking beneficial and harmful
arthropod functions within a single forest-regeneration framework and highlighting how biodiversity loss may
simultaneously weaken decomposition, soil quality, plant recruitment, and ecosystem resilience. Important knowledge
gaps remain concerning climate-change responses, invasive species, and disturbance-driven population shifts. Integrating
arthropod conservation into forest management is therefore essential for sustaining biodiversity and forest resilience.
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INTRODUCTION

Forest ecosystems serve as habitats for many uncommon and threatened plant and animal species and play a
crucial role in protecting biodiversity. Forests occupy about 4.06 billion hectares of land or 31% of the Earth’s land, and it
is estimated that each year forest ecosystems absorb about 1.2 billion tons of carbon (Singh et al., 2025). Globally, forest
ecosystems are of great importance for biodiversity, carbon storage, and various ecosystem services, such as water
regulation, nutrient cycling, and soil formation (Brockerhoff et al., 2017). Ecological interactions of arthropods in forest
ecosystems at all trophic levels have recently received attention due to their significant contribution to forest ecosystem
functioning (Schowalter, 2017). Arthropod communities are, both directly and indirectly, involved in ecosystem
functioning. Macro-arthropods, particularly ants and termites, are involved in bioturbation, which may cause the local
redistribution of organic matter and allow the establishment of vegetation in disturbed regions (Awazi and Tsufac, 2025).
Diversity and density of arthropods determine litter decomposition rates and nitrogen mineralization which ultimately
affect the plant community structure (Jouquet et al., 2006). For example, detritivores (saprophagous arthropods) such as
millipedes, woodlice, and earwigs transform litter in terrestrial ecosystems (Wardle et al., 2002). Similarly, termites and
ants, which are also known as ecosystem engineers, can influence patterns of soil formation (Jouquet et al.,
2006). Arthropods, through many food chains, form complex food webs by interacting with other forest organisms, which
regulate herbivory, pollination, and population dynamics (Weisser and Siemann, 2008). For example, many insects perform
dual ecological roles; butterflies not only pollinate plants but also act as herbivores during their larval stages. Similarly,
ants disperse seeds and are also involved as biological control agents for many insect pests, helping to reduce economic
damage in plantations (Chen, 2026).
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The global biodiversity crisis has been associated with declines in arthropod diversity, abundance and biomass
(Wildermuth et al., 2026). Although the importance of arthropods in forest ecosystems is increasingly recognized, much
of the literature still lacks a quantitative synthesis of their functional contribution across forest types and disturbance
regimes. The majority of past reviews have focused on regional trends or individual taxa, rather than on integrating
evidence across multiple biomes (Bevan et al., 2025). In tropical forests, macro-arthropods are major contributors to litter
mass loss, whereas their role is comparatively lower in temperate forests (Jiang et al., 2025). This variability is mainly
associated with differences in species composition, climate, and forest structure, but there is still a lack of comparative
studies across ecosystems. However, some meta-analyses have revealed that soil arthropods play a critical role in the
cycling of carbon, nitrogen, and phosphorus, all of which are essential for plant growth and forest productivity (Zhang et
al., 2025). These works indicate that there is a need to combine arthropod biomass data with forest health indicators to
better understand their contribution to forest regeneration. This review aims to synthesize worldwide and taxon-specific
evidence on the effects of arthropods on forest regeneration and ecosystem health. This review provides a more integrated
framework for understanding how forests can be managed and conserved more effectively by viewing arthropods as
valuable ecosystem engineers.

MATERIALS AND METHODS

Sources of information: The published literature was searched using multiple academic databases and platforms. Major
sources included Web of Science (Wo0S), Scopus, Elsevier, Springer, Wiley, Taylor & Francis, ScienceDirect, Google
Scholar, PubMed, and other relevant search engines. Research articles, books, edited book chapters, and conference
proceedings between 2001 and 2026 were included in the study. Only studies reporting quantitative data on arthropod
diversity, biomass, ecological roles, or functional effects in forest ecosystems were included. Studies lacking empirical
data or that did not focus on forest ecosystems were excluded. Finally, a total of 68 studies met the inclusion criteria and
were included in the analysis.

To ensure consistency and coverage, we used predefined search strings to search the relevant literature, including
combinations such as “arthropods AND forest regeneration”, “soil arthropods AND decomposition”, “arthropods AND
nutrient cycling”, “regeneration of forest ecosystems AND Arthropods”, and “diversity of arthropods in Forest
ecosystems”.

Arthropod diversity in forest ecosystems: Arthropods represent the most species-rich constituent of forest faunas.
Structured sampling of tropical rainforests has demonstrated that a half-hectare area of mature forest can support over
6,000 arthropod species. Extrapolations from such systems suggest that a single 6,000-ha forest may harbor approximately
25,000 species, with an average of 18,000 species per hectare (Bhattacharya, 2025). Arthropod diversity is mainly
represented by hexapod orders, including Coleoptera, Hymenoptera, Diptera, Lepidoptera, Hemiptera, and Orthoptera.
Other important arthropod groups, such as Collembola, Araneae, and Acari also important components of arthropod
diversity. Among families, Formicidae (ants) and Staphylinidae (rove beetles) are regularly prominent in tropical forest
assemblages (Thyagaraj et al., 2016). Over 50 arthropod taxonomic groups, including Araneae, Coleoptera, Hymenoptera,
and Orthoptera, were recovered from moist forests with mixed-species tree plantations (Rios Guayasamin et al., 2025).
This highlights the significance of diverse plantations in promoting species richness and density as compared to
monocultures, which support relatively lower diversity. Large-scale comparative studies also reveal quantitative
differences in species richness between forest types. An international meta-analysis on forest edge effects showed higher
arthropod species richness at forest edges compared to interior habitats, demonstrating distinct spatial patterns of diversity
even within a single landscape (Rios Guayasamin et al., 2025).

This is consistent with broader patterns, with tropical forests generally having the highest arthropod richness,
followed by temperate and boreal systems (Liu et al., 2026). Global syntheses of terrestrial arthropod abundance and
biomass suggest that arthropods as a group comprise an extremely large ecological pool. In soil assemblages, mites and
springtails are the most numerous groups, accounting for around 95% of individuals, but termites are overrepresented in
biomass, accounting for approx. 40% of soil arthropod biomass, while ants account for approx. 10% (Sharp et al., 2025).
Estimates of global biomass are based on aggregated field measurements and provide a useful scale for comparing forest
types and disturbance regimes, although estimates at the hectare scale remain uncommon (Blakemore, 2025). These fine-
scale distribution measures show the uneven vertical distribution of arthropods in forests, with many taxa concentrated in
the canopy and litter layers where food resources and microhabitats are most abundant (Xiong et al., 2025). Overall, these
patterns suggest that tropical forests harbor exceptionally rich arthropod communities, that temperate forests are
particularly influenced by structural features such as canopy complexity, and that boreal systems generally support lower
but functionally important arthropod richness. Typical orders listed in forest inventories are Coleoptera (beetles),
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Hymenoptera (ants, wasps, and bees), Lepidoptera (moths and butterflies), Araneae (spiders), and detritivores and other
soil arthropods that are an important part of ecosystem processes.

Functional roles in forest regeneration: In forest ecosystems, arthropods play vital ecological roles in supporting their
sustainability. Various functional groups of arthropods contribute to the maintenance of forests. Their contributions to litter
decomposition, nutrient cycling, soil bioturbation, pollination, seed dispersal, herbivore regulation, etc., help in shaping
plant community structures, which ultimately determine biodiversity. Overall, these functional roles collectively support
forest regeneration, stability, and resilience (Figure 1).
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Figure 1. Conceptual framework showing the integrated roles of arthropods in forest regeneration and ecosystem
health. The framework presents different types of functional groups, their roles, and their impact on forest
regeneration and health.

Major components of global terrestrial biomass: Arthropods are not only abundant on the forest floor, but also make
up a substantial part of the global terrestrial biomass. A global synthesis based on approximately 7,000 measurements from
nearly 500 sites distributed across =300 different locations estimated that terrestrial arthropods represent around 300
million metric tons (Mt) of dry arthropod biomass, with almost 200 Mt of that biomass represented by soil arthropods
(Rosenberg et al., 2023). Much of this biomass is made up of soil arthropods, such as mites, springtails, and ants. For
instance, termites account for nearly 40% of the biomass of soil arthropods, and ants account for 10%, which are found in
different niches (Rosenberg et al., 2023). Arthropods also dominate various trophic levels, and ants can account for up to
25% of the animal biomass in tropical forests (Griffiths et al., 2018). Arthropods play an important role in litter
decomposition and nutrient cycling, which are vital for forest regeneration and ecosystem stability. Experimental studies
have shown that soil arthropods enhance decomposition of leaf litter, release nutrients, and aid forest regeneration
(Culliney, 2013; Liu et al., 2023). For example, in a replicated chronosequence study of lowland tropical wet forest
succession, macro-arthropods accelerated decomposition by 35-44% and increased nitrogen release by approximately 53%
(Cole et al., 2020). Invertebrates play a greater role in litter decomposition in tropical and subtropical forests, where their
contribution is approximately 1.4 times higher than in forests from other regions. Overall, they account for about 31% of
litter decomposition in forests globally (Zeng et al., 2024).
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Herbivory under environmental gradients and disturbance: Herbivorous arthropods have quantifiable and ecologically
important effects on forest regeneration because they feed on foliage and modify seedling performance across
environmental gradients. Field estimates from both pristine and disturbed forests have consistently demonstrated that insect
herbivory leads to substantial foliar loss, and thus affects plant growth (Thyagaraj et al., 2016). For instance, Wang and Li
(2025) assessed insect herbivory on Populus laurifolia in 30 natural riparian forest plots, each measuring 30 x 30 m, along
the Irtysh River in Xinjiang, China. In each plot, five trees were selected, and 80 leaves per tree were examined from four
branches, giving a potential total of 12,000 leaf observations. Across all plots, 80% of the sampled leaves showed herbivore
damage, and the mean leaf-area loss was 10.70 + 2.25% (Wang and Li, 2025). Such numerical data provide a robust
estimate of herbivory and allow for comparisons among different forests. These values of tissue loss suggest that herbivory
may represent a significant biotic filter, influencing the establishment, growth, and, ultimately, the trajectory of forest
regeneration (Cavallero and Zarate, 2025).

During regeneration, herbivory has a strong impact on seedling survival and community composition. When
insect herbivores were excluded in a tropical forest restoration experiment, seedling survival rates of late-successional tree
species were greater, suggesting that herbivory was a primary cause of seedling mortality where no protective measures
were applied (Joyce et al., 2025). These differences indicate that there is no consistent negative effect of herbivory on
seedling survival. Rather, it may selectively affect survival and growth, and thus affect the regeneration of these species.
Specifically, insect exclusion reduced the mortality of late-successional tree seedlings in remnant forest but not in restored
sites. This result demonstrates both the magnitude of herbivory's impact on seedling mortality and its interaction with
restoration (Raupp et al., 2025).

Manipulation experiments in temperate forests also yield measures of arthropod effects. A three-year study in
treefall gaps in a hardwood forest found that herbivory by insects led to mortality of Liriodendron tulipifera seedlings at
three of four temperate forest sites (Shannon, 2025). These species-specific variations show that herbivory does not always
have a uniform inhibitory effect on seedling survival. Instead, it can selectively reduce survival and growth in vulnerable
species, thereby shaping regeneration pathways. Quantitative studies of herbivore feeding guilds also indicate substantial
variation in damage patterns (Cornelissen et al., 2025).

When hundreds of saplings are sampled in forests, mean levels of herbivory may be very variable, and chewing
and mining damage are associated with the abundance and diversity of herbivore feeding guilds (Vangansbeke et al., 2026).
Elevated herbivory levels are often associated with highly specialized feeding guilds (such as leaf chewers and miners)
whose feeding rates and impacts depend on forest structure and plant community composition (Novotny et al., 2010).
These patterns show that, in addition to removing plant material, herbivores also affect regeneration by heightening the
mortality of vulnerable seedlings and potentially altering the plant community structure in favour of less palatable or more
herbivore-resistant species.

Response to disturbance and climate change: Herbivorous arthropods affect leaf area loss and seedling growth, which
in turn affect forest regeneration. In temperate and tropical forests, a common measurement of herbivory has revealed
consistent leaf area loss, which has a strong impact on plant growth (Sharp et al., 2025). In a temperate forest experiment
across multiple sites, herbivores removed leaf area from dominant tree seedlings (such as Quercus rubra and Acer
saccharum) and reduced relative growth rate compared to herbivore-exclusion treatments, where herbivores were excluded
using mesh cages or insecticides (Liu et al., 2026). Loss of leaf area explained about 20-30% of the variation in seedling
height growth at the end of one growing season (Poorter et al., 2009). Other manipulations also demonstrate that herbivory
impacts seedling survival, and thus forest regeneration (Andersson et al., 2026). In a long-term arthropod-exclusion
experiment in a North American hardwood forest, mortality among seedlings exposed to ambient arthropod herbivores
(oaks, Quercus alba, and tulip poplar, Liriodendron tulipifera) was greater than mortality in seedlings where herbivores
were excluded after two growing seasons, with the greatest effect during peak insect activity periods (Liu, 2025).

Climate change and global warming affect plants, vertebrates, and invertebrates, including insects and other
related taxa. Climatic fluctuations influence the biochemical and physiological processes of insects. Elevated atmospheric
CO, concentrations, rising temperatures, drought, and changes in rainfall patterns affect the survival and reproduction of
insects (John et al., 2024). Climate-driven changes in insect phenology are among the most consistently reported biological
responses to warming (Bradshaw and Holzapfel, 2001). Higher temperatures accelerate developmental rates, enabling
some insect species to demonstrate increased voltinism (Parmesan and Yohe, 2003). Many components of the nutritional
quality of trees are affected by drought. This results in increased concentrations of nitrogen compounds, osmolytes, and
allelochemicals. During or following the drought, outbreaks of herbivorous insects occur (Kolb et al., 2016; Sturrock et
al., 2011). Performance and impacts of insects and pathogens during and after drought vary with food substrate type,
feeding guild, stress duration, and host defenses, among other factors.

Climate change is also expected to affect precipitation in forested areas, in terms of quantity, timing, and intensity.
This will impact arthropods, often indirectly through changes in host plant quality (Cornelissen, 2011). In drought-stressed
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trees, reduced or more erratic rainfall can lead to higher levels of nitrogen compounds and secondary defensive metabolites.
These substances affect the quality of resources available to herbivorous arthropods. In addition, shifting rainfall patterns
have been associated with larger ranges of pests, altered overwintering survival, and desynchronized interactions between
insects and host plants (Skendzi¢ et al., 2021). However, these impacts are not limited to herbivores; short-term exposure
to the combined effects of elevated CO,, warming, and reduced precipitation has been shown to affect survival and
predatory performance of arthropod natural enemies, such as spiders, ladybird beetles, and parasitoid wasps. This suggests
that changes in precipitation can cascade through multiple trophic levels of forest arthropod communities (van Doan et al.,
2021).

Forest arthropods exhibit measurable range shifts in response to climate change. Montane insect species, such as
forest beetles, have been moving to higher elevations and higher latitudes over the last century, and this will likely continue
with warming temperatures (Fattorini, 2024). Bioclimatic modelling also shows that the geographic distribution of many
insect species may significantly shrink by the end of the century as global warming increases, with the magnitude of the
loss of distribution increasing rapidly with warming (Harvey et al., 2023). Since the dispersal capabilities, thermal
tolerances, and habitat specificities vary considerably among arthropod taxa, these range shifts are unlikely to be uniform
across taxa, potentially disrupting existing plant-arthropod associations and altering herbivory, pollination, and
decomposition patterns as the forest's arthropod assemblage is reorganized.

Another effect of higher CO, and the warming trend is an increasing phenological mismatch between arthropods
and their host plants. As temperatures increase, the period of peak foliar quality may not align with the period of peak
arthropod demand, which may affect herbivore performance, outbreak dynamics, and the amount of forest damage (Renner
and Zohner, 2018). A field-based forest warming experiment showed that the forest tent caterpillar (Malacosoma disstria)
had a delayed response to warming in the spring, with the interval between egg hatch and bud-burst of aspen and birch
being reduced and the development time of the larvae being increased (Schwartzberg et al., 2014). When predicting
arthropod responses to climate change, trophic synchrony should be considered in addition to temperature and CO,, effects,
as mismatches can cascade across trophic levels. Such cascading effects can significantly affect fitness and population
dynamics for arthropods that are unable to synchronize with host plants. This, in turn, affects the fitness and population
dynamics of insectivorous birds and other arthropod predators.

Decomposition and nutrient cycling: Arthropods are critical for litter decomposition and nutrient cycling, and hence
influence forest soil fertility and organic matter decomposition. A global meta-analysis of 268 pairs of litterbag data in
various ecosystems assessed the role of soil arthropods in the decomposition of non-leaf litter (branches, stems, and roots).
The researchers found that soil arthropods promoted, on average, a 32.3% greater mass loss than control treatments that
excluded soil arthropods (using fine mesh barriers), suggesting a significant functional role in organic matter
decomposition (Cheng et al., 2023). The functional role of soil arthropods in forests is also supported by field manipulation
experiments. For instance, a 13-month-long litterbag experiment that compared litter decomposition in South African
indigenous and plantation forests found that soil arthropods increased litter decomposition in both types of forests by about
12% on average, suggesting that even modified arthropod assemblages can play a valuable role in the decomposition
process in forest soils (Gaigher et al., 2025).

In addition to their direct effects on litter mass loss, arthropods influence nutrient release by interacting with
microbial decomposers and modifying soil structure. Litter and soil arthropods (Collembola, isopods) fragment organic
matter and facilitate microbial growth, which increases the release of nitrogen (N), phosphorus (P), and carbon (C) from
the soil. Their activities provide habitat for other organisms and increase the surface area of litter, which helps in rapid
degradation and ultimately enhances nutrient availability for plants. Additionally, these activities stimulate microbial
respiration and enzyme activity, resulting in increased nutrient turnover (Hun et al., 2026). Specific nutrient fluxes directly
attributable to arthropods remain poorly quantified in global forest research and meta-analyses. However, the role of
arthropods in the decomposition rate of organic matter has been consistently reported across the globe. The activities of
arthropods in forest ecosystems indirectly regulate nutrient release patterns, which are key components contributing to
forest regeneration and soil fertility.

Soil structure and bioturbation: Arthropods burrow, make tunnels, and construct nests, which can be quantified to
measure the ecosystem-engineering services of these organisms. These activities modify soil structure, improve porosity,
lead to aeration, and enhance water infiltration into the soil. During forest regeneration, these activities help in nutrient
cycling and the establishment of seedlings during forest regeneration. For instance, soil-feeding termites and ants produce
quantifiable changes in the physical properties of soil. In a controlled experiment, soil-feeding termites (such as
Patawatermes turricola) increased soil macroporosity. Mound soils demonstrated porosity of 18.49%, compared with
adjacent unmodified topsoil with 11.47% porosity. Similarly, the weighted mean diameter of soil aggregates was also
higher in mound soils than in undisturbed topsoil (3.88 mm vs. 3.57 mm). Additionally, higher contents of organic carbon
and available phosphorus were also observed in mound soils, indicating availability of better soil nutrients as compared to



Sakhawat et al., J. Anim. Plant Sci., 36 (5) 2026

surrounding soils (Hun et al., 2026). These properties of soil ensure interconnectivity of soil pores, resulting in water
infiltration, root growth, and gaseous diffusion. These characteristics, therefore, ultimately contribute to initial forest
recovery and regeneration (Liu, 2025). Bioturbation caused by arthropods improves overall soil structure, decomposition
of organic matter affects nutrient cycling, and herbivory regulates plant growth (Hobbie and Villéger, 2015). The activity
of termites plays a significant role in defining the hydraulic properties of soil under natural rainfall conditions. For instance,
in savannah ecosystems, soil macroporosity due to the activity of termites increases water infiltration by two- to three-
fold. This increase has a great impact on soils with low hydraulic conductivity (Marquart et al., 2020). Ant tunneling and
foraging improve physical and chemical properties of soil, i.e., organic matter, soil moisture, and pore ratio of soil. These
activities increase the total nitrogen and phosphorus contents in nest soils compared to surrounding soils, suggesting that
ant activity not only changes soil structure but also alters nutrient pools for root development (Lu et al., 2019).
Macropores created by ants and termites through tunnels and galleries form biochannels that reduce local bulk
density, bridge soil horizons, enhance soil aeration, and water flow (Salem, 2014). The magnitude of arthropod-based
bioturbation depends on species and habitat types. Generally, arthropod bioturbation increases soil aggregate stability, soil
porosity, and infiltration, which immensely contribute to forest regeneration and health (Osman, 2013; Zhang et al., 2024).

Pollination and seed dispersal: Arthropods play a vital role in pollination and seed dispersal, which are key determinants
of plant reproduction. Bees, beetles, and flies are major pollinator groups that contribute to the genetic diversity and fitness
of plant species in forest ecosystems. This role is especially critical for entomophilous plants, especially in tropical forests
where many species depend on arthropods for pollination (Torezan-Silingardi et al., 2021; Ulyshen et al., 2023). Seed
dispersal by arthropods is also a key factor in the process of forest regeneration. For instance, empirical evidence showed
that seed dispersal by ants to microsites with high nutrient levels results in improved seed germination (Zelikova et al.,
2011). Together, pollination and seed dispersal highlight the constructive role of arthropods in forest regeneration,
complementing their regulatory roles in herbivory and trophic interactions.

Interactions with other trophic levels: The quantifiable top-down activities of arthropods in forest food webs include
predation and parasitoid interactions that regulate herbivore populations and contribute to forest health. Arthropod top-
down food web interactions in forests that can be quantified include predation and interactions that control herbivore
populations and promote forest productivity. Studies in temperate forests have shown that predator arthropods, including
ground beetles (Carabidae) and spiders, can reduce herbivore densities. In replicated field experiments, plots with increased
predator access had 28-42% fewer herbivores than control plots, and herbivory was reduced by 15-22% (Michalko et al.,
2022; Pote and Nielsen, 2017). Similar quantitative effects have been found for parasitoids, where parasitoid Hymenoptera,
such as Braconidae and Ichneumonidae, attack lepidopteran and coleopteran herbivores. A longer-term study of mixed
temperate forests found that some 40-60% of caterpillar herbivores were parasitized, decreasing survival and herbivore
loads. These predator-prey and parasitoid relationships can have substantial impacts on plant survival and growth, such as
10-18% increases in understory biomass and leaf area index of predator-rich plots compared with predator-reduced plots.
These cascading effects have many benefits for forest structure and productivity (Ghosh et al., 2023).

Arthropod-microbe and arthropod-plant interactions are also intertwined and play a role in nutrient dynamics and
plant performance in forests. For example, ants defend tropical trees possessing extrafloral nectaries, such as Inga spp.,
from herbivores in exchange for nectar (Heil and McKey, 2003). Defensive ants in Costa Rican forests have mutualistic
relationships with plants, which provide them with food in return for their protection from herbivores. These interactions
increase plant defense, but some specialized insects have developed ways to avoid ant-mediated protection. This indicates
the complexity of arthropod-plant interactions (Coronado-Rivera et al., 2020). Apart from defense, collembolans and mites
also aid decomposition by grazing on microorganisms, thereby promoting microbial turnover and nutrient mineralization.
They are involved in activities that promote nutrient availability and nitrogen cycling, which benefit plant growth and
ecosystem productivity (Seastedt, 2003). These arthropod-microbe-plant interactions facilitate nutrient assimilation and
regeneration, demonstrating that arthropods have both direct and indirect effects.

Regional comparison: The diversity of arthropods in forest ecosystems differs greatly among forest types, with tropical
forests generally supporting the highest species richness and biomass. Arthropod species richness in tropical rainforests,
especially in the Amazon Basin, may reach up to 6,000 species per hectare, with the orders Coleoptera, Hymenoptera, and
Lepidoptera often being dominant (Basset et al., 2012). Likewise, investigations in Central African rainforests indicate
approximately 5,500 species per hectare, with ants and beetles contributing substantially to arthropod biomass. High
herbivore density in tropical forests can strongly influence plant community dynamics, seedling establishment, and nutrient
cycling. The abundance of termites and ants, which may reach 50,000 individuals per square meter on some forest floors,
further emphasizes the contribution of arthropods to ecosystem functions, including soil aeration and organic matter
decomposition (Franklin et al., 2005). Boreal forests are most common in northern regions, such as Canada and Siberia,
and generally have the lowest arthropod diversity. These forests have lower species diversity per unit area, and their
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arthropod communities tend to be dominated by mites, ants, and beetles (Saucier et al., 2015). This integrative approach
highlights that arthropods are not just individual parts of forest ecosystems. Rather, they are ecosystem managers and key
to forest stability and resilience (Bagyaraj et al., 2016).

Overall, climate, forest structure, and productivity are important factors in the variation of arthropod diversity,
abundance, biomass, and roles across forests (Schowalter, 2017). The warmer and wetter tropical forests are home to more
abundant and diverse arthropods, which are essential for forest regeneration and well-being (Ammer, 2019). In contrast,
the arthropod communities of temperate and boreal forests are less diverse but functionally important. Arthropods of
temperate and boreal forests play a role in decomposition and nutrient cycling (Schowalter, 2017). These cross-biome
differences are listed in Table 1. Overall, the arthropod functions are interrelated and play a pivotal role in forest
regeneration. These processes interact to form a coupled system in which each process can affect the others. For instance,
increased herbivory can put pressure on plants, and hence litter inputs and decomposition, while higher predator density
can increase seedling survival by decreasing herbivory (Wardle et al., 2002). This integrative perspective emphasizes that
arthropods are not isolated contributors to forest ecosystems. Rather, they are ecosystem regulators with a pivotal role in
maintaining forest resilience and stability.

Table 1: Synthesis of Arthropod roles across forest types

Forest Arthropo | Dominant | Key ecosystem | Decomposition | Herbivory Functional References
type d diversity groups functions contribution impact biomass
Tropical (>6000 Ants; Decomposition; ~30-45% Up to 35% Termites (Basset et al.,
forests species Termites; Bioturbation; increase seedling (~40%); Ants | 2012;
ha™) Beetles; Seed dispersal; mortality (~10%) Rosenberg et
Spiders Pollination al., 2023)
Temperate Moderate | Ants; Decomposition; ~15-19% ~25-35% Mixed (Liu etal.,
forests (~2000- | Spiders; Biological increase seedling dominance 2026; Zhang et
3000 Beetles control; Soil mortality al., 2024)
species mixing
ha™)
Boreal Low Mites; Nutrient ~10-15% Reduced Microarthropo | (Ammer, 2019;
forests (~1000 Ants; cycling; Organic increase but ds dominant | Brockerhoff et
species Beetles matter significant al., 2017)
ha™) breakdown

Implications of forest management: Arthropods are a critical component of forest management because they
substantially contribute to the sustainability of ecosystem functions like pollination, nutrient cycling, and pest control. The
health and resilience of forests are critical to the stability of ecosystems (Ayres and Lombardero, 2018). Arthropod density
and diversity provide useful measures of ecosystem health, and their presence or absence can be used to determine the
success of forest restoration. Forest management practices should help conserve arthropod habitats by maintaining
arthropod-friendly landscape features, such as tree islands and mixed-species plantations (Gatica-Saavedra et al., 2017;
Moir et al., 2005).

The conservation of arthropods is increasingly being recognized as an integral part of the sustainable regeneration
of forests (Maleque et al., 2009). Therefore, arthropods should be included in forest management plans, particularly
because of their roles in pest control, pollination, and soil aeration. Laws that conserve insect habitat and promote best-
practice forestry, such as selective logging and canopy retention, may mitigate the impacts of land-use change and
deforestation on invertebrates (Gazzea, 2025). These could be complemented by economic incentives to landowners who
practice arthropod-friendly management and by ecologically informed management strategies that employ bioindicators
to assess forest health and recovery. For instance, conservation programs such as the Conservation Reserve Program (CRP)
have been shown to have positive effects on arthropods and, in turn, on forest productivity (Bagyaraj et al., 2016).
Reconsidering forest management to take into account the conservation of functional groups rather than focusing only on
species diversity could improve forest-management outcomes. For instance, leaving coarse woody debris supports
detritivores and decomposers, while the spatial complexity of the canopy supports predators and food web stability. Limited
pesticide applications and mixed plantations can sustain arthropod-mediated ecosystem services, such as pollination, pest
control and decomposition (Zhou et al., 2007). Functional measures of arthropods in forest monitoring can enhance the
predictability of ecosystem management strategies (Maleque et al., 2009).

Synthesis and conceptual integration: Arthropods regulate forest ecosystems by providing several ecosystem services
needed for regeneration, establishment, and maintenance of ecosystem health. The ecosystem services are interconnected.
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For instance, herbivory impacts litter input, decomposition regulates nutrient cycling, and bioturbation alters soil
properties. The ecological services mediated by arthropods exist as a functional network rather than as multiple ecological
services working independently. These associations are essential to forecast forest responses to environmental change and
to develop ecosystem-based management strategies.

Conclusion: Arthropods play a pivotal role in forest recovery and ecosystem dynamics by regulating important processes
such as decomposition, nutrient cycling, soil formation, and trophic interactions. They play varying roles in different forest
biomes, with a higher functional intensity in tropical systems as a result of higher biodiversity and biomass. Despite the
important role that arthropods play in forests, they are largely overlooked in forest management and conservation practices.
There is a need to develop metrics to quantify the relationships between arthropod diversity, biomass, and ecosystem
processes. Additionally, more research focusing on cross-biome comparisons of arthropod interventions under varying
levels of disturbance is needed. Incorporating arthropods in forest management would be vital to enhance ecosystem
resilience, biodiversity, and forest stability in a world undergoing global change.
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