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ABSTRACT The mangrove ecosystems of the Guiana Shield are high stress environments characterised 
by elevated salinity and hypoxic soils. While these harsh conditions can lead to a unique en-
vironment that houses specialised biodiversity, the composition of the resident soil macrofauna 
is poorly documented. This study provides the first baseline assessment of earthworm com-
munities in a coastal mangrove ecosystem of Guyana by establishing community composition 
and the underlying drivers of species presence and distribution. Furthermore, the first records 
of Eukerria saltensis and E. stagnalis within Guyana are provided, expanding the known ge-
ographical range of these littoral Oligochaetes. The results of this study indicate a specialised 
but stable community with a Shannon H’ of 1.28 and a Pielou’s E of 0.80. While the Berger-
Parker d (0.42) showed moderate dominance of a single species, its presence did not exclude 
the other groups from occupying the same plots. A significant negative correlation was ob-
served between a species of  Acanthodrilidae and E. saltensis (Spearman’s ⍴ = 0.54, p = 0.039) 
demonstrating an L-shaped bivariate distribution pattern which provided evidence supporting 
competitive exclusion and niche partitioning.  In contrast, Urobenus sp. and Martiodrilus sp. 
had a negligible presence within the soil ecosystem which further highlighted that the com-
munity was dominated by highly adapted specialists. These findings suggest that the structure 
of mangrove earthworm communities is driven by deterministic biotic interactions and envi-
ronmental filters. The establishment of these first national records and community patterns 
creates a critical benchmark for the Guiana-Shield region. 

INTRODUCTION 
 

Mangroves are coastal ecosystems that form an 
ecotonal community within intertidal zones (Sun 
et al., 2019). Guyana’s mangrove ecosystem cov-
ers about 290 km of its 430 km coast and is de-
clining due to increased rates of deforestation 
(EPA, 2022). These ecosystems are characterised 
by high salinity soils that are often waterlogged, 

creating a hypoxic environment (Dookie et al., 
2024).  

These harsh conditions present within mangrove 
ecosystems act as environmental filters, favoring 
species that are physiologically tolerant to osmotic 
stress and hypoxia (Medina, 1999). Very few 
species of earthworms are physiologically adapted 
for these halophilic edaphic environments. Some of 
the most documented of these species are Ponto-
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The predominant vegetation present was Avicen-
nia germinans  (Linnaeus, 1759), the black man-
grove. The soil type was classified as marine 
alluvium. The site suffered significant pollution, 
most of which was in the non-biodegradable form.  

 
Experimental design  

 
Fifteen sampling points of dimensions 0.5m³ 

were established along a horizontal linear transect 
at 6 m intervals (Fig. 2). The soil was removed from 
each sample point by digging, after which the re-
moved soil was hand sorted for earthworms.  
 
Earthworm identification  
 

Earthworms were categorised and counted using 
the method outlined by Ansari & Saywack (2011), 
ecotypes were denoted by their coloration and adults 
were denoted by the presence of a clitellum. Two  
adults from each morphospecies were collected and 
placed into separate labelled zip lock bags contain-
ing 95% ethanol. The circumference and length of 
each morphospecies was recorded. The following 
external features of earthworms were examined 
using a dissection microscope: the type, number and 
position of clitellum, segments, prostomium, genital 
opening, setal length and arrangement. Earthworms 
were then dissected and a dissection microscope was 
used to determine the number and position of the 
following internal organs: calciferous glands, semi-
nal vesicles, spermatheca, heart and gizzard. The 
setae was isolated by boiling it in 5% caustic potash, 
after which it was measured using a micrometre.  

 
Data analysis  

 
Earthworms were placed into families based on 

Blakemore’s 2013 family key. The statistical data 
was analyzed using RStudio (version 4.5.3) at a sig-
nificance value of 0.05. The map of the study site 
was created using QGIS 3.40.12. The Spearman’s 
correlation was used to determine if a correlation 
existed between the 5 species. A Bivariate distribu-
tion analysis was conducted between highly corre-
lated species to establish a pattern of distribution. 
The ‘treemap’ function was used to visualise com-
munity composition. The ANOVA function was 
utilised to determine statistical significance. ‘GG-
plot’ was used to create a visualization of the sam-

drilus litoralis (Grube, 1855) (Seesamut et al., 
2022; Seesamut et al., 2024) and Pheretima 
posthuma (Vaillant, 1868) (Sharif et al., 2016). 
While Guyana has a recorded 12 species of earth-
worms (Brown & Fragoso, 2007), none of these 
species have been documented in halophilic, hy-
poxic soils. Within this contention, this study aimed 
to: [1] establish a taxonomic baseline for Guyana’s 
earthworm communities found primarily in man-
grove forests, [2] quantify earthworm diversity and 
evenness in mangrove soils and [3] evaluate the 
drivers of earthworm community assembly in man-
grove soils. 

This study provides one of the first assessments 
of earthworm communities within mangrove 
ecosystems of the Guiana-Shield.  

 
 

MATERIAL AND METHODS  
 

Study area  
 

Guyana is found in Northern South America, 
forming a part of the Guiana-Shield and the Ama-
zon biome. This study was conducted in a man-
grove forest (GPS [WGS 84, EPSG:3857]: 
-6404983, 701824) situated along the coastline of 
Region 5, Guyana (Fig. 1).  
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Figure 1. Map of the study area.
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pling design. Biological data was analysed using 
Shannon diversity index, Pielou’s evenness index 
and Berger-Parker dominance index:  

 
Shannon-Wiener diversity (Singh et al., 2020)  

 
H′ = – ∑ pi In(pi) (1) 
Pi = S / N  (2) 
 
Where: S = number of specimens of one species  
N = total number of specimens in the sample  
In = natural log e  
 

Pielou’s Evenness (Bueno & Fambrini, 2019)  
 

J′ = H′ / InS  (3) 
 
Where: H = Shannon H′  
S = total number of species in the sample  
 

Berger-Parker Dominance (Caruso et al., 2006)  
 
d = Nₘₐₓ/N  (4) 
 
Where: Nₘₐₓ= number of individuals in the most 

abundant species.  
N = total number of specimens 
 
 

RESULTS  
 
Taxonomic composition 

 
The mangrove earthworm community was 

composed of  5 species representing 3 families: 
Ocnerodrilidae Beddard, 1891, Acanthodrilidae 

Claus, 1880, and Rhinodrilidae Benham, 1890 
(Fig. 3). 

The taxonomic composition was skewed to-
wards Ocnerodrilidae which represented 52% of 
the total abundance. This family listed two 
species, Eukerria saltensis (Beddard, 1895) and E. 
stagnalis (Kinberg, 1867). Acanthodrilidae (con-
taining one species) was the second largest taxo-
nomic group, which represented 42% of the 
observed population. In contrast, Rhinodrilidae 
had the lowest representation within the commu-
nity with Urobenus sp. (Benham, 1886) and Mar-
tiodrilus sp. (Michaelsen, 1936) accounting for 
only 6% of the observed population.  

 
Relative Abundance and Species Richness 

 
Acanthodrilidae was the most abundant species, 

accounting for 42% of the population, followed by 
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Figure 2. Sampling Design.

Figure 3. Treemap of Mangrove Earthworms found  
in the coastal mangrove forest.



E. saltensis and E. stagnalis (25.8% each). Urobe-
nus sp. and Martiodrilus sp.   were the least abun-
dant, accounting for 3.9% and 2.5% of the 
population respectively (Fig. 4). The abundance of 
the 5 species was of statistically significant differ-
ence with a p-value of 0.02.  

bution between Acanthodrilidae and E. saltensis re-
vealed an L shaped distribution pattern where E. 
saltensis occurred in the absence of Acanthodrilidae 
(Fig. 6). The statistical significance remained robust 
even after joint absences were accounted for. 

 
Soil physiochemical profile 

 
The soil exhibited high concentrations of organic 

carbon and nitrogen alongside elevated sulphur. It 
was further characterised by a moderately acidic pH 
and high salinity indicators. Sodium was the domi-
nant exchangeable cation which contributed to a 
high cation exchange capacity (Table 1). In contrast, 
several key nutrients (copper, phosphorus and potas-
sium) were present in low concentrations.  

Figure 5. Inter-species interaction between earthworm 
species (Spearman’s correlation).

Figure 6. Bivariate distribution analysis.
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Diversity and Evenness 
 
The earthworm assemblage within this ecosys-

tem had a moderate Shannon diversity (H′ = 1.28). 
The community displayed a high degree of even-
ness (J′ = 0.8) and a Berger-Parker dominance of 
0.42. The crude density per cubic meter within the 
mangrove forest was 58.8 ind/m², (Acanthodrilidae 
= 24.7 ind/m², E. stagnalis = 15.2 ind/m², E. 
saltensis = 15.2 ind/m², Urobenus sp. = 2.3 ind/m², 
Martiodrilus sp. = 1.4 ind/m²). 

 
Bivariate analysis and Non-parametric cor-
relations 

 
The community structure of earthworms across 

the 15 sample plots showed a significant negative 
association between E. saltensis and Acanthodrili-
dae (Fig. 5). Spearman’s rank correlation analysis 
revealed ⍴ = -0.54 (p = 0.039, n = 15), indicating a 
moderately strong negative relationship.  

While a positive correlation was found between 
Urobenus sp. and Martiodrilus sp. (⍴ = 0.63), these 
species occurred in a negligible number of plots 
(n≦2), therefore this association was excluded to 
avoid overstating interactions. The bivariate distri-

Figure 4. Relative Abundance of Earthworm Species.



umented in Guyana (Brown & Fragoso, 2007), 
Urobenus Benham, 1886 represents a new regional 
record. Urobenus has been documented in Brazil 
(Sousa et al., 2020), the Amazon (Misirlioglu et al., 
2023) and other South American locales (Brown & 
Fragoso, 2007), with its documentation here bridg-
ing a gap in its distribution. The presence of Acan-
thodrilidae reaffirmed previous records from 
Guyana (Gates, 1982) and supports the family’s 
wide distribution throughout South America and the 
Caribbean (Misirlioglu et al., 2023). 

 
Relative Abundance and Specialization  
 

The prevalence of Acanthodrilids and Ocnero-
drilids in this study was likely driven by their phys-
iological adaptations to extreme soil conditions. 
Several species of Acanthdrilids, including the lim-
icolous Eudrilus Perrier, 1871 (Michaelsen, 1907), 
the riparian Eutrigaster Cognetti, 1904 and Kax-
drilus Fragoso et Rojas, 1994, have been well doc-
umented in waterlogged environments (Reynolds & 
Righi, 1994; Sherlock & Csuzdi, 2013). Acantho-
drilidae  species abundance in this mangrove habitat 
can be attributed to its tolerance to mild salinity, 
physical adaptations and its persistence in hypoxic 
conditions which allowed it to exploit niches that 
were inaccessible to less specialised species. 

Eukerria saltensis and E. stagnalis are both lit-
toral specialists that have been documented in 
marshes, riverbanks and in water saturated soils 
(Steffen et al., 2018; Misirlioglu et al., 2023), oc-
cupying the area between the roots of aquatic veg-
etation (Plisko, 2010). Their hygrophilic nature and 
tolerance for moderate or brackish salinity (Sautter 
et al., 2006) further facilitated their success within 
the saturated and hypoxic soils of the mangrove en-
vironment. 

In contrast, the low abundance of Urobenus sp. 
and Martiodrilus sp. suggested a lack of physiolog-
ical adaptations to the stressors of the mangrove en-
vironment. While some species of Urobenus, such 
as U. brasiliensis (Benham, 1886), have been docu-
mented in a riparian zone in Brazil (Steffen et al., 
2018), most Urobenus species are not adapted for 
hypoxic environments (Kaka, et al., 2021). Simi-
larly, while a single Martiodrilus species was docu-
mented in the seasonally flooded banks of the Potaro 
River in Guyana (Brown & Fragoso, 2007), the 
presence of other Martiodrilus species in seasonally 

DISCUSSION 
 
Taxonomic composition and new records 
 

The presence of Ocnerodrilid earthworms in this 
study aligned with broader geographical patterns, 
as roughly 70 species of Ocnerodrilids have been 
recorded across South America, 86% of which are 
endemic to the continent (Christoffersen, 2008). E. 
stagnalis and E. saltensis are regarded as 
widespread Ocnerodrilids with a preference for 
tropical climates (Righi, 1994; Misirlioglu et al., 
2023). While neither of these species have been for-
mally documented in Guyana prior to this study, 
their occurrence here validates a previous hypothe-
sis, based on Brazilian populations, which sug-
gested that their range extends into Northern South 
America (Römbke et al., 2009; Misirlioglu et al., 
2023). 

The findings of this study contribute to the un-
derstanding of the distribution and occurrence of 
Rhinodrilidae which consists of roughly 376 
species, many of which are concentrated in South 
America (Misirlioglu et al., 2023). While the genus 
Martiodrilus Michaelsen, 1936 was previously doc-

Soil  
Parameter Value Soil  

Parameter Value

N (mg/kg) 9600⦁ Mg 
(meq/100g) 0.11*

P (mg/kg) 10.2* Ca 
(meq/100g) 0.84*

Cu (mg/kg) 0.2* Na 
(meq/100g) 54.8⦁

Fe (mg/kg) 5.9 CEC 
(meq/100g) 56⦁

Zn (mg/kg) 6.13 pH 5.8*

Sulphur 
(mg/kg) 4373⦁ EC (µS) 1559⦁
O.C (%) 46.6⦁ TDS (ppm) 740⦁

K 
(meq/100g) 0.2* Salinity 

(ppt) 2.15⦁
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Table 1. Summary of Soil Physicochemical properties in the 
coastal mangrove forest. Note: *(low concentration),  ⦁(high 
concentration).



flooded and semi-aquatic environments has not been 
documented. The findings of this study suggested 
that these taxa were likely inhibited by the elevated 
salinity and oxygen deficiency in the waterlogged 
soil. The environmental filters of hypoxia and salin-
ity appeared to be the primary drivers limiting the 
distribution of Urobenus and Martiodrilus species 
while favoring the more resilient Acanthodrilid and 
littoral Ocnerodrilid species. 

 
Ecological implications of Community struc-
ture 

 
The moderate Shannon H’ and the high even-

ness of the site suggested a stable, specialised 
earthworm community. This can be attributed to 
the higher salinity and hypoxic conditions in man-
grove environments acting as environmental filters 
(Meijer et al., 2021; Goulpeau et al., 2025). The 
high evenness could have indicated that the avail-
able niches were being utilised in individual plots, 
instead of plots being dominated by a single 
species. The Berger-Parker d further showed that 
even the most dominant Acanthodrilidae species 
did not fully suppress the other species which could 
indicate underlying biotic interactions such as ob-
ligate and facultative niche partitioning (Askham, 
2007).   

 
Drivers of Assemblage Heterogeneity  
 

The significant spatial segregation observed be-
tween E. saltensis and Acanthodrilidae sp. could 
have been driven by competitive exclusion and dif-
ferences in physiological tolerance to environmen-
tal stressors (Barois et al., 1999; Winsome et al., 
2006). The epigeic nature of both species suggested 
a niche overlap (Xiao et al., 2024) that resulted in 
the dominance of one of these species in a specific 
plot. The L-shaped configuration in the bivariate 
distribution further supported this partitioning. 
While the negative correlation was statistically sig-
nificant, future analysis is required to determine 
whether the driver could be the result of soil gradi-
ents, deterministic biotic interactions or the inter-
play of both.  

 
Soil Edaphic Constraints  
 

The high nitrogen and organic carbon concen-

tration was likely derived from mangrove detritus 
(Sun et al., 2019) supporting epigeic and anecic 
species (Don et al., 2007), however, the presence of 
elevated sulphur and a moderately acidic pH cre-
ated a stressful soil environment (Caracama et al., 
1998). When compounded with high sodium levels, 
these conditions likely acted as a strong environ-
mental filter (Seesamut et al., 2022), favoring the 
halotolerant Acanthodrilid and Ocnerodrilid 
species. The ability of these species to maintain os-
motic balance in these environments afforded them 
a competitive advantage over the less resilient 
Urobenus and Martiodrilus species. Furthermore, 
the deficit of essential nutrients like phosphorus, 
potassium, magnesium and calcium created an ad-
ditional strain on the metabolic efficiency of epigeic 
and anecic species, limiting their abundance and in-
fluencing their distribution within the study site 
(Reich et al., 2005).  

 
Study implications 
 

The findings of this study contribute to the un-
derstanding of tropical soil macrofauna by provid-
ing the first documentation of E. stagnalis and E. 
saltensis in Guyana, expanding these species’ 
known geographic range. While intertidal commu-
nities are often shaped by stochastic processes, this 
study has shown that deterministic biotic interac-
tions play a significant role in community structure 
through competitive exclusion and niche partition-
ing. Specialised species were able to effectively 
utilise restricted niches, proliferating in environ-
ments where others could not. These findings pro-
vide a critical baseline for the monitoring of 
Guyana’s coastal mangrove ecosystems by posi-
tioning earthworms as bioindicators of environmen-
tal health and resilience. 

 
Limitations and future research perspectives 
 

The study was restricted to a single site, which 
effectively limits the extrapolation of broad spatio-
temporal patterns that are underlying drivers of 
community dynamics.  

Building on this foundational study, future re-
search should incorporate multi-seasonal sampling 
across multiple coastal mangrove sites to identify 
the specific underlying drivers of earthworm com-
munity structure. 
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CONCLUSIONS 
 

This study provided the first formal documen-
tation of E. saltensis and E. stagnalis in Guyana, 
expanding the known range of these Ocnerodrilid 
species in Northern South America. The presence 
of these species alongside the specialised Acantho-
drilid species, showed a clear adaptation to the 
stressful soil conditions of mangrove ecosystems. 
The analysis of the soil physiochemical profile 
(characterised by high salinity, phosphorus and sul-
phur) suggested that these factors could act as an 
environmental filter for earthworm diversity. While 
the hygrophilic Martiodrilus and Urobenus species 
appeared to be restricted by these edaphic con-
straints, the other 3 species demonstrated physio-
logical resilience to hypoxia and osmotic stress. 
These findings not only fill a critical gap in the re-
gional inventory of Guianan soil macrofauna but 
also highlight the importance of coastal mangrove 
ecosystems as unique niches for stress-tolerant 
species in the Guiana-Shield. 
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