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Hydrological routes exist through active burrowing of soil fauna, and in numbers improve soil drainage 
systems. Earthworms are of particular interest because their presence is known widely to increase 
infiltration and reduce erosion rates by creating macropores and stable casts. Ideally during non-extreme 
rainfall events on flatlands, earthworm macropores lengthens the time prior to soil surface saturation thus 
slowing down occasions of overland flow resulting in runoff. Hypothesizing similar effects on hillslopes with 
gradients can be misleading whereas laboratory experiments which try to recreate and simulate field 
consistency cannot match the natural soil architecture which is vital in the dissection of the many bio-
geophysical processes involved in the rainfall-runoff process. This review paper aims to summarize past 
studies conducted around the world and highlighting possible gaps on earthworm’s studies related to 
hillslopes and erosion. 
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1. INTRODUCTION 

Soil erosion negatively affects public health and the environment 

(Pimentel, 2006).  It reduces water quality and soil productivity, cause 

siltation of reservoirs and reduces plant, animal plus microbe biodiversity 

(Panagos et al., 2018; Jouquet et al., 2012; Pimentel, 2006). Productivity is 

also low on eroded soil because it is difficult to establish seedlings during 

nutrient and organic matter shortage (Johnson et al., 2012). Eroded from 

its original state by wind and water, its detachment is aggravated by 

raindrops and flowing water which is then transported downslope (Omar 

et al., 2018). A group researcher outlined some of the importance of soil 

security (Steffan et al., 2017). In a food supply chain, a healthy soil 

guarantees crops with nutrients thus, benefiting the humans consuming it. 

It is also home to soil fungi and bacteria that compete to inadvertently 

suppress dangerous fungus such as Coccidioides spp., ensuring endemism 

of the serious disease; Valley Fever or Coccidiodomycosis. The future of 

discovering new antibiotics also depends on isolating them from soil 

organisms. Earthworms can contribute to improving soil health and 

quality because their burrows, ingesting of soil or cast production can 

activate dormant or improve microbial biomass and bacterial diversity 

(Lavelle et al., 2007; Chhotorray et al., 2011 and van Schaik et al., 2014). 

Their activity encourages water preferential flow paths that can reduce 

surface runoff and increase infiltration (Shipitalo and Le Bayon, 2004). 

Earthworms directly influence many of the runoff and erosion processes 

(Bertrand et al., 2015; Jouquet et al., 2012). Their presence is a positive 

indicator for agriculture and activity correlates to the improvement of soil 

conditions (Coleman and Wall, 2015; Peres et al., 2010). However, Danum 

Valley is different than the rest of the world as a pristine tropical forest 

still rich in biodiversity that has forests in different stages of regeneration 

(Reynolds et al., 2011). Past researchers in there have not tackled the full 

importance or strength of earthworm presence on hydrological properties 

but have hinted on their roles (Bidin et al., 1992). Their contributions to 

any of the improvements also have not yet been proven applicable in 

tropical conditions of Danum Valley. There is a question on whether these 

betterments are species dependent, distribution related or abundance 

reliant? Does plant cover and above ground vegetation make it easier for 

worms to thrive and improve soil conditions or do climatic condition 

(seasonality), slope gradients and soil compaction actually hinder their 

activity? Do their activity of producing casts actually contribute more 

material to be eroded as runoff sediment? 

2. LITERATURE REVIEW 

Hydrological studies conducted in tropical hillslopes of Puerto Rico noted 

the implications of earthworm removal from bounded plots (Larsen et al., 

2014). Compared to controls there is a doubling of runoff, while the 

erosion of soil and organic matter increased by a factor of 4.4. Transport 

of fine litter increased by factor of 3.4 and was up to 5.4 for mineral soil 

erosion. They concluded two attributing factors at microtopographic 

scale; (1) reduction in soil porosity due to less burrowing and reworking 

of the soil and (2) reduced casting activities by earthworms that decreases 
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soil surface area and surface roughness; making soil easier to break into 

finer sediment which ends up washed away during the rain. They also 

encouraged understanding the role of macrofauna towards soil-water 

resources because strategies for land and ecosystem management are 

complex.  Earthworms are one of the soil faunas in forested environments 

that affect macro-porosity and soil structure. Areas that have undergone 

intentional anthropogenic reduction of earthworm population usually 

resulted in a degradation processes i.e. lowered infiltration of rainfall and 

increased soil erosion due to more surface runoff. Similar events happen 

when disturbance to soil or vegetation is unintentional. 

 

On the other hand, out of all the possible factors influencing runoff and 

erosion, soil compaction was found to be the key determining factor for 

soil loss in selective logged-over Danum Valley forest (Cleophas et al., 

2017). Two decades of logging resulted in (1) skid trails (by the traversing 

of heavy machineries), (2) large log landing areas and (3) major soil 

compaction from the dragging of logs upslope (Reynolds et al., 2011; 

Pinard et al., 2000; Clarke and Walsh, 2006). Through the bounded plot 

method, they quantified runoff and sediment production for logged 

hillslopes, skid trails and undisturbed hillslopes. Soil loss was highest in 

skid trails, closely followed by logged hillslopes while undisturbed 

hillslopes recorded values of 20 times lower at 2.72, 2.56 and 0.13 t ha-1 

yr-1 respectively. Danum Valley is rich in species diversity, therefore by not 

including biotic factors such as earthworms into their study scope; results 

from just physical properties may be inconclusive.  

 

Past Danum Valley researchers have related earthworms to some 

hydrological processes (Waidi, 1991; Sayer, 2006). The former recorded 

total number of earthworm casts throughout the 10 x 2.2 m2 stretch of his 

bounded runoff plots to find that suspended sediment concentration from 

runoff was greater when worm cast numbers were high. Casts may 

contribute to aggregate stability and result in less available - small 

aggregates erodible by raindrops. The latter author on the other hand 

briefly mentioned how faunal burrow activity contributes to soil piping. 

An indirect connection could be derived from studies that quantified and 

studied earthworm casts (Johnson et al., 2012). They observed that casts 

were more difficult to crush compared to its surrounding soil and 

hardened because soil with infused with organic glue. If removed (as 

Danum Valley experienced some high intensity storms and much rainfall), 

they found that earthworms take less than 5 days to create new ones and 

the rate of production is higher in primary and secondary forests than 

degraded forests during the wet season. 

Table 1: Summary of aspects studied around the world and the main conclusion of their work. 
 

3. RESULT AND DISCUSSION 

3.1 Notable differences between tropical Danum Valley and other 

parts of the world Plant litter and above ground vegetation 

Notable differences can be observed between role of earthworms in 

tropical Danum Valley and other parts of the world. The first perspective 

is the relationship between earthworms with plant litter and above 

ground vegetation. Many studies found plant litter to influence soil erosion 

rates because of their strong link to earthworms (Dechaine et al., 2005; 

Blanchart et al., 2004; Lavelle et al., 1999). Plant litter is consumed by 

anecic earthworms, facilitating its fragmentation and incorporation into 

 

soil, thus helping vegetation growth (Laossi et al., 2010). Some researchers  

found that if plant litter was high in primary resources, earthworm casts 

are bound to be more structurally stable due microbial metabolism in its 

gut (Guggenberger et al., 1996). Mechanically, the energy by raindrops 

causes sheet erosion by dislodging soil particles (i.e. our concern is the 

casts created by earthworms) and this is less likely to occur when there is 

a combination of cover by plant biomass regardless whether living or dead 

(Pimentel, 2006). Waidi mentioned that due to the thick and continuous 

amount of litter cover in Danum Valley, resulting surface runoff and 

sediment (note: including by casts) is in lower quantities (Waidi, 1991). 

Effect of vegetation there was also focused because plants affect runoff by 

Location Aspect of study
Target/ collected earthworm 

species
Findings Source

1.Amynthas khami

2. Pheretima leucocirca

3. Pheritima californica

4. Dichogaster modigliani

5. Pheretima spp. 3. Simulation cannot describe overall hillslope dynamics

1. Pontoscolex corethurus

2. Amynthas rodericensis

1. Octolasium cyaneum

2. Aporrectodea caliginosa

3. Aporrecyodea rosea

4. Lumbricus terrestris

2. Deep infiltration is rapid when macropores are larger 

and connected to soil surface if less than 30cm soil depth

5. Lumbricus rubellus

3. If worm burrows are connected to larger tunnel, water 

will also rapidly flow through the lateral hole

6. Lumbricus castaneus 4. Infiltration via macropores, not macropore-soil matrix

1. There is a physical stabilation of plant debris upon 

ingestion of litter by earthworms

2. Casts structural stability due to earthworms

Brazil
Experiment on worm aggregation 

on upper 10-20cm
General

1. Earthworms improve hydraulic properties of soil 

(below surface) via their biogenic aggregation

in Lavelle 

et al.  2007

1. Requirement of factoring earthworms into soil 

erosion models for reliable estimates

2. Soil erosion displaces many earthworm individuals 

but earthworm presence can reduce this process by 50%

1. Quantifying mechanism of 

earthworm influence on erosion

1. Aporrectodea tuberculata      

2. Pontoscolex corethurus

1. Endogeics control soil erosion by modifying soil 

structures and its physical properties

3. Millsonia anomala

4. Lumbricus rubellus&terrestris

5. Heteroporodrilus mediterreus

6. Martiodrillus sp.

7. Stuhlmannia porifera              

8. Chuniodrillus zielae                   

9. Polypheretima elongata

Blanchart 

et al ., 2004

2. Soil loss occurs more due to decompacting species 

that create small casts prone to surface sealing. 

However, they can delay runoff due to the increased soil 

porosity and infiltration. It is opposite for compacting 

species which create stable macroaggregates insensitive 

to runoff or rain splash. Unfortunately soil infiltration is 

less effective due to the increase of bulk density

2.  Analyzing how much functional 

groups (compacting and 

decompacting species) by 

aggregation, aggregate stablity, 

total porosity and pore size 

distribution influence soil 

erodibility

A review of 

the tropics 

and semi 

arid 

subtropical 

area

Focus on anecic and endogeic 

casts effects on soil carbon cycle 

(/soil organic matter) in the 

1. Martiodrilus sp.Colombia

Guggenber

ger et al., 

1996

Studying effects of erosion on soil 

biota and quantifying their effects 

on erosion

Europe General

Orgiazzi 

and 

Panagos, 

2018

Studying the link through rainfall 

simulation, between spatial 

distribution of earthworm 

ecological groups to macropore 

number and infiltration pattern 

on different agricultural  

landforms (hilltop, valley, slope)

1. Number of macropores created depend on abundance 

and biomass of earthworms (especially anecics), which 

strongly affects infiltration patterns

Germany
van Schaik 

et al. , 2014

Jouquet et 

al., 2012

Observe effects of earthworm on 

slopewash, surface runoff and 

fine litter transport on tropical 

forested hillslope

1. Disturbance to area causes reduction to earthworm 

population thus sparking a chain of events namely 

increase of runoff, erosion, fine litter downward 

transport and reduction on rainfall infiltration

Larsen et 

al. , 2014
Puerto Rico

3. Estherella gates

1. Globular and large earthworm casts significantly 

improves infiltration and decrease soil loss

2. Earthworm casts have greater impact on ecosystem 

functioning than abundance/ biomass/ diversity

Vietnam

A rainfall simulation experiment 

to observe influence of 

earthworms on runoff and 

erosion on steep slope (~ 37%) 

fallow
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preventing soil and litter from being swept away by wind and water, aside 

from reducing the erosive power of raindrops through canopy 

interception (Cleophas et al., 2017). However, some researcher concluded 

that it is the combined role of plant material and invertebrates which 

influenced soil erosion and surface water movement (Waidi et al., 1992). 

Role of earthworms can be further studied here. 

3.2 Earthworm distribution 

The second factor is the earthworm’s distribution effects on hillslope 

hydrology. The different levels of disturbance (i.e. undisturbed, 

moderately impacted and highly disturbed forest fragments) in Sabah 

could reflect the number of earthworms collected from sampling efforts 

because they are disturbance-sensitive (Rao, 2013). In other parts of the 

world, studies found that densities could also be impacted negatively by 

human induced land use changes with the reduction in litter food source 

and protective vegetation cover (Jouquet et al., 2012). Due to a wide range 

of surrounding vegetation within Danum Valley with different levels of 

disturbance and/or lack thereof, the quality of soil organic matter from 

litter input should be better, increasing expectations of higher earthworm 

distribution. Edwards and Bohlen correlated higher earthworm 

abundance to higher litter quality (Edwards and Bohlen, 1996). But if the 

competition factor is also considered, epigiec earthworms that also feed 

on the same food resource as anecics affects distribution patterns and will 

result in varying soil water dynamics (Palm et al., 2013). Rao highlighted 

the need to determine whether existing earthworm abundance actually 

impacts soil processes and resulting ecosystem services because the 

knowledge of earthworms in Sabah is limited despite their proven role in 

other parts of the world (Rao, 2013). 

3.3 Gradient and slopes 

Third possible view is that if there is any correlation between gradient and 

slopes on earthworm activity. Pimentel highlighted the intensification of 

soil erosion if more than half of surface soil removed from slopes is carried 

downhill, ending up in waterways or valleys (Pimentel, 2006). This 

happens more on steep hillslopes where earthworm casts can dislodge 

and end up rolling downslope (Larsen et al., 1991). It is opposite on gentler 

slopes because earthworm casts are not main contributors to this event 

(Larsen et al., 2014). In a study for Danum Valley, the steepest slope (28°) 

did not result in the highest runoff volume or the highest sediment yield 

and it would be interesting to find out if earthworms played any part in 

this (Cleophas et al., 2017). As for they did not find the biomass abundance 

of earthworms impacting the steeped slope ecosystem function (Jouquet 

et al., 2012). However, they mentioned that tropical hillslopes are 

characterized by large population of soil engineers, extreme rainfall 

events, fast biogeochemical cycling and soil degradation. If all these factors 

describe Danum Valley, there could be a link between earthworm activity 

and its resulting impacts, if not due to its biomass abundance.  

3.4 Earthworm casts   

Fourth factor to consider is the amount of earthworm casts produced in 

Danum Valley and if it affects erosion. Biogenic aggregates created by 

earthworms or more commonly known as casts can reduce soil and 

nutrient losses besides improving infiltration. Besides that, these globular 

water-stable structures are better than the unstable granular termite 

sheetings which end up collapsing and transported during rainfall, 

enhancing water runoff (Jouquet et al., 2012). Freshly emitted casts are 

prone to removal by rain and instead contribute to soil erosion and 

reduction in infiltration due to surface soil seal formation. However, 

having these crusts does not necessarily result in runoff due to lowered 

hydraulic conductivity and decrease in total porosity (Jakab et al., 2013).  

Dried, old earthworm casts protects soil from crusting and being detached 

because it increases the roughness of soil; has opposite effects on 

infiltration and are proven to be stable (Le Bayon and Binet, 2001; Larsen 

et al., 2014). Interestingly, casts can also have a gluing effect and they 

conveniently reduce fine litter downslope transfer when the organic 

materials are stuck to these casts (Larsen et al., 2014). In Danum Valley, 

the casts recorded as many as 1 to 31 and 2 to 130 counts per m2 

respectively (Waidi, 1991; Johnson et al., 2012). Other countries record a 

much higher number of casts and some are even much larger in size; 

having a reduced effect on runoff especially species studied in Vietnam 

(Jouquet et al., 2012). 

3.5 Seasonality 

The seasonality factor is also compared between Danum Valley and other 

parts of the world. A group researcher described Danum Valley to have 

many brief low and high intensity showers, short storm durations and the 

occasional multi-cell, complex plus continuous long-hour heavy rain over 

hundreds of square kilometres (Hazebroek et al., 2012). These single 

storm events could lead to soil sealing and crusting especially when clay is 

dominant, through continuous deposition that creates a surface clay film 

(Jakab et al., 2013). Some researchers also reported drought in February – 

early May in major ENSO years (Walsh and Newberry, 1999; Luke, 2016). 

In the recent study, it was reported that different plot characteristics affect 

rates of generated runoff (runoff depth) and that the relationship between 

runoff and rainfall is not direct or significant (Cleophas et al., 2017).  

 

The effects of earthworm in a site to runoff could be looked into because 

when the relative dry seasons occur, earthworms are known to be less 

active and tend to burrow deeper (Edwards, 2004; Larsen et al., 2014). As 

a result, with fewer burrows could suggest less infiltration. According to 

Rao opportunities of sighting earthworms in Sabah are higher during rainy 

season due to flooding (Rao, 2013). Similar suggestions were given 

(Vishwakarma and Yadav, 2017). This could give an insight of possible 

earthworm species, their abundance and habitat preference in Danum 

Valley. Whether their activities intensify during the rain, whether they are 

the main reason that soil sealing and crusting is broken after a storm; 

improving soil aeration for plants and that if they also stay underground 

when the drought hits Danum Valley could be further investigated.  

3.6 Compacted soil 

Compacted soil is the last and most related factor to be reviewed for the 

role of earthworms on erosion and hillslope hydrology. Since soil 

compaction was found to be the key determining factor for soil loss in 

selective logged-over Danum Valley forest, therefore it would be 

interesting to observe if there is any difference in earthworm densities 

according to recovery rates and degree of compacted soil (Cleophas et al., 

2017). The volume, orientation, connectivity and length of earthworm 

burrows can have different impacts on preferential water pathways 

through soil macropores (Palm et al., 2013 and van Schaik et al., 2014). 

However, there are limitations to the ability of earthworms to penetrate 

compacted soil. According to a study, the maximum pressure an endogeic 

earthworm can still move in is 195 kPa while for the anecics were 130 kPa 

(Ruiz and Or, 2018).  

 

However, the values are outliers and the respective mean values are 92kPa 

and 77 kPa. They also summarize previous studies and found some species 

able to move through mean pressure of kPa 230 and 295 kPa. If 

earthworms can reduce soil compaction by creating burrows through it up 

to a certain level, would their migration or repopulation from 

neighbouring Danum Valley over decades of natural forest regeneration 

contribute to de-compaction and indirectly reduce soil loss? This can be 

supported by a statement, where they mentioned that ground level in 

Danum Valley experienced reduction of compaction in skid trails and log 

landing sites due to soil faunal activity and vegetation re-expanding 

compacted soil (Clarke and Walsh, 2006). If some Danum Valley areas are 

compacted due to these two reasons and the compactions are higher than 

230 and 295 kPa, then are earthworms theoretically not present at all or 

are they actually not able to rework the soil into recovery? This is yet to be 

proven and may differ than past literature or other studies; especially due 

to soil type and degrees of compaction. 

4. CONCLUSION 

In conclusion, the interaction between earthworm, soil loss and the 

hydrological process from around the world can be the foundation to 

studies in Danum Valley, Sabah. Its pristine, adjacent logged-over forest 

and resulting compacted skid trails allows different observations to be 

conducted, from a quantitative point of view (i.e. abundance, number of 
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casts, number of macropores created). Unlike other countries, this study 

includes a wet and dry season, diverse vegetation, and most importantly, 

missing data on the unexplored earthworm abundance and distribution 

from a local perspective. Based on this review, there are many gaps to the 

effects of earthworm distribution in Danum Valley and whether they have 

ultimately prevented or contributed to erosion. 
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