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Abstract  

Mangrove ecosystems are harsh environments due to their high levels of salinity and constant disturbance from                

the shifts in tides and actions of waves. An investigative study was conducted to establish the presence or absence                   

of earthworms in this environment and if present, to determine the population dynamic exhibited. Sampling was                

done along a 120m horizontal transect which yielded 4 new species. Of the 4 species ​Pontodrilus litoralis showed a                   

high affinity for this high salinity environment which allowed it to access resources unhindered, establishing               

dominance. Drawida barwelli’s population, however, was suppressed by the presence of ​Amynthas sp. ​and              

Eukerria saltensis ​, the latter of which has a higher sensitivity to high salinity.  

The presence of high levels of salinity and sulphur, along with the disturbance of waves, are responsible for the low                    

ecological diversity in this ecosystem. However, the presence of these organisms is still astounding given the                

intensity of significant soil chemical parameters. 

Introduction 

Earthworms belong to the class Oligochaeta and are one of the most important macrofauna of soil due to their                   

roles in shaping soil physical, chemical and biological properties. They can be found in a wide range of terrestrial                   

ecosystems. Guyana has a recorded 12 species of earthworms, however, only a handful of the locations are known,                  

Brown & Fragoso, 2007. Of the known locations, mangrove ecosystems, among a number of others, were not                 

sampled. The coastal mangrove ecosystem covers about 290 km of Guyana’s 430 km coast, and is declining due to                   

increased rates of deforestation. This harsh ecosystem houses unique flora and fauna, however, nothing was               

known about its earthworm population, if they were at all present. There are a number of species of earthworms                   

that are capable of surviving in extreme environments and as such this study aimed to investigate whether or not                   

earthworms were indeed present in one such extreme environment, the mangroves. 
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Materials and Methods 

2.1 Description of Study Area 

The site sampled was a mangrove ecosystem situated along the coast of Region 5. The predominant vegetation                 

was ​Avicennia germinans ​, known as the black mangrove. The soil type was classified as marine alluvium. The site                  

suffered significant pollution, most of which were in the non-biodegradable form. 

2.2 Experimental Design 

20 sampling points of dimensions 0.5m³ were established along a horizontal linear transect at 6m intervals. The                 

soil was removed from each sample point by digging, after which the removed soil was hand sorted for                  

earthworms which were categorized and counted, Persaud, 2019. Ecotypes were denoted by their colouration, and               

adults were denoted by the presence of a clitellum. 2 adults from each morphospecies were collected and placed                  

in separate labelled ziplock bags containing 95% ethanol. The circumference and length of each morphospecies               

was recorded along with the type and position of key external features which was followed by methodological                 

dissections to allow for its identification. 

2.3 Data Analysis 

Earthworms were placed into families based on Blakemore’s 2006 family key and Chang, ​et al ​., 2009. 

The statistical data was analyzed using R version 3.4.4, 2018, where the ANOVA function was utilized.  

Measurement of species richness 

Margalef’s index was used to determine the species richness (Margalef, 1958). 

Margalef’s index = (S – 1) / In N 

S = total number of species 

N = total number of individuals in the sample 

In = natural logarithm 

Measurement of diversity 

The diversity index was calculated using the Shannon-Wiener diversity index (1949). 

Diversity index = H = – ∑ Pi In Pi 

where Pi = S / N 

S = number of individuals of one species 
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N = total number of all individuals in the sample 

In = logarithm to base e 

Measurement of evenness 

The evenness of species was calculated using the Pielou’s Evenness Index (Pielou, 1966). 

e = H / In S 

H = Shannon – Wiener diversity index 

S = total number of species in the sample 

Measurement of Dominance 

The calculation of dominance was done using the Berger-Parker Dominance Index, (Caruso, et al., 2006). 

d = N(max)/N 

N(max)= number of individuals in the most abundant species 

N= total number of individuals 

RESULTS 

4 taxonomically distinct species of earthworms belonging to 3 families were found, Table 1.0. Of the 4 species, ​P.                   

litoralis was found to be the most abundant, accounting for 64.5% of the population, while ​Drawida barwelli ​. was                  

found to be the least abundant, accounting for 2.2% of the population. The abundance of the 4 species were found                    

to be of statistical significant difference with a p-value of 0.0001. Of the 3 families, Glossoscolecidae was found to                   

be the most abundant containing 2 species which together accounted for almost 92% of the observed population.                 

P. litoralis had a higher proportional abundance in comparison to the other 3 species. The distribution pattern of                  

the species was exponential, Figure 1.0. Juveniles were found to be 3 times more abundant than adults, accounting                  

for 71% of the population, Figure 2.0. The abundance of juveniles and adults were found to be of statistical                   

significant difference with a p-value of 0.002. The geometric model series showed a rank abundance distribution                

that had an r-square value of 0.988. 

The earthworm density per cubic meter within the mangrove forest was 59.4. The Shannon H of the site was 0.89,                    

Pielou’s E was 64.1%, Margalef R was 0.47 and Berger-Parker D was 64.5%, Table 2.0. 

The soil displayed extremely high levels of sodium, sulfur, salinity, along with a low pH, Table 3.0. 
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DISCUSSION 

This research provides the first documentation of 4 new earthworm species and the family Moniligastridae in                

Guyana. Of the 3 recorded families, Glossoscolecidae and Ocnerodrilidae have been previously recorded in              

Guyana, while Moniligastridae has not, Brown and Fragoso, 2007. Moniligastridae has however been recorded in a                

number of Caribbean islands, Gonzalez, et al. ​, 2006. Prior to this study, mangrove ecosystems were never assessed                 

for its earthworm population in Guyana, and as such these 4 species were never recorded as it is possible their                    

distribution is limited to the coastal mangrove ecosystems. The potential relationship between these species and               

mangroves is further supported in literature with ​Pontodrilus litoralis being found in the mangrove forests of Asia,                 

Sateeshkumar, ​et al ​., 1985; Chang, ​et al. ​2009, while 2 species of Amynthas have been found in mangrove                  

ecosystems of Singapore, Shen & Yeo, 2005.  

Pontodrilus litoralis was found to be the most abundant of the 4 species, accounting for 64.5% of the population.                   

Despite being absent from Guyana’s record, this species has been recorded in bordering countries Venezuela and                

Brazil, Brown and Fragoso, 2007. High salinity levels create a harsh environment where most species of                

earthworms would perish, however, ​P. litoralis is capable of surviving in this environment as noted by Easton,                 

1984. The 64.5% Berger-Parker dominance is a direct result of ​P. litoralis ​’ ability to adapt to changes in salinity                   

which allows them to successfully exploit their ecosystem in ways other species cannot and assume dominance.                

Amynthas sp. was the 2nd most abundant species, accounting for 27.4% of the population. As noted above, some                  

species of Amynthas can be found associated with mangrove ecosystems. 

Eukerria saltensis accounted for almost 6% of the population and have also been recorded in a number of South                   

American countries, Christoffersen, 2008. This species, however, is usually found in freshwater environments, and              

as such its population growth is impeded in this high salinity environment explaining its low abundance. ​Drawida                 

barwelli is likewise found in South American and some Caribbean countries, Fragoso, ​et al. ​, 1999. This species was                  

the least abundant of the 4 species, occurring when either Eukerria saltensis or ​Amynthas sp. was absent. These                  

species are likely to outcompete ​D. barwelli based on their distribution pattern, and when factoring in the stresses                  

of a high salinity environment, the extremely low abundance of ​D. barwelli ​ is expected. 

The low Shannon diversity of this ecosystem is as a result of the high salinity, sodium, sulphur and low pH present.                     

High salinity has significant negative effects on most species of earthworms, causing increased rates of mortality                
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and decreased rates of cocoon production as seen in an experiment done on ​Lumbricus terrestris by Guzyte, ​et al.                   

in 2011; while high levels of sulphur decreases the pH, and is toxic to earthworm populations, which was observed                   

in the experiment carried out by Carcamo, 1998. The periodic disturbance from the sea is likely to drown most                   

species, particularly burrowing species, while the movement of waves will carry off some individuals from the                

population. This coupled with the above extreme parameters explain the low abundance and diversity in this                

environment, as only a select few species can tolerate this extreme environment.  

As expected, P. litoralis had the highest average distribution, with ​Drawida barwelli having the least, for the same                  

reasons discussed above. The distribution pattern exhibited by the 4 species was an exponential one; P. litoralis                 

was the dominant species as it could fully exploit the resources in its ecosystem, despite the high salinity, which                   

ensures its succession. The remaining resources are competed for by the remaining 3 species, 2 of which are seen                   

to outcompete and suppress ​Drawida barwelli ​. The ​Amynthas sp. Was not as sensitive as Eukerria saltensis ​to the                  

high salinity and as such its rate of succession was higher. 

CONCLUSION 

4 new species of earthworms have been documented in Guyana as a result of the exploration of a harsh                   

environment. ​Pontodrilus litoralis showed a high affinity for this high salinity environment which allowed it to                

access resources unhindered, establishing dominance. Drawida barwelli’s population was suppressed by the            

presence of ​Amynthas sp. ​ and ​Eukerria saltensis ​, the latter of which has a higher sensitivity to high salinity.  

The presence of high levels of salinity and sulphur, along with the disturbance of waves, are responsible for the low                    

ecological diversity in this ecosystem. However, the presence of these organisms is still astounding given the                

intensity of significant soil chemical parameters. 

REFERENCES 

1. Berger, W.H., Parker, F.L. 1970. Diversity of planktonic foraminifera in deep sea sediments.             

Science168, 1345-1347. 

2. Blakemore, R. J. 2005. Introductory key to the revised families of earthworms of the world. Soil Ecology                 

Research Group. Yokohama National University.  

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27897v1 | CC BY 4.0 Open Access | rec: 13 Aug 2019, publ: 13 Aug 2019

http://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1901232
http://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1901232
http://www.annelida.net/earthworm/Introductory%20Key%20to%20the%20Revised%20Families%20of%20Earthworms.pdf
http://www.annelida.net/earthworm/Introductory%20Key%20to%20the%20Revised%20Families%20of%20Earthworms.pdf
http://www.annelida.net/earthworm/Introductory%20Key%20to%20the%20Revised%20Families%20of%20Earthworms.pdf
http://www.annelida.net/earthworm/Introductory%20Key%20to%20the%20Revised%20Families%20of%20Earthworms.pdf


3. Brown, G. G & Fragoso, C. 2007. ​Minhocas na America Latina: Biodiversidade e Ecologia. EMBRAPA Soja.                

Ministério da Agricultura, Pecuária e Abastecimento.  

4. Carcamo, H., Parkinson, D., Volney, J. 1998. Effects of sulphur contamination on            

macroinvertebrates in Canadian pine forests. Applied Soil Ecology 9: 459-464 

5. Caruso, T., Bernini, F., Pigino, G., Bargagli, R. 2007. The Berger-Parker index as an effective tool                

for monitoring the biodiversity of disturbed soils: A case study on Mediterranean oribatid (Acari:              

Oribatida) assemblages. Biodivers Conserv 16:3277–3285. 

6. Chang, C., Shen, H. P., Chen, J. H. 2009. Earthworm Fauna of Taiwan. NATIONAL TAIWAN               

UNIVERSITY PRESS.  

7. Christoffersen, M. L. 2008. A catalogue of the Ocnerodrilidae (Annelida, Oligochaeta) from South             

America, Italian Journal of Zoology, 75:1, 97-107 

8. De Assis, J., Souza, J., Vieira, M., Nune De Souza, J., Rodrigues, G. & Christoffersen, M. 2017. A                  

catalogue of the Eudrilidae and Megascolecidae (Clitellata: Lumbricina) from South America,           

with two new records of exotic species from Brazil. Turkish Journal of Zoology. 41: 599-614 

9. Easton, E. G. 1984. Earthworms from the islands of the South-Western Pacific and a note on two                 

species from Papua New Guinea. New Zealand Journal of Zoology 11: 111-128 

10. Fragoso, C., Kanyonyo, J., Moreno, A., Senapati, B., Blanchart, E., Rodriguez, C. 1998. A Survey of                

Tropical Earthworms: Taxonomy, Biogeography and Environmental Plasticity. CAB International. 

11. Gonzalez, G., Huang, C., Zou, X. & Rodrigues, C. 2006. Earthworm invasions in the tropics.               

Springer Science+Business Media B.V. 2006 

12. Guzyte, G. Sujetuviene, G., Zaltauskaite, J. 2011. EFFECTS OF SALINITY ON EARTHWORM            

(EISENIA FETIDA). Environmental Engineering, The 8th Int. Conference.  

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27897v1 | CC BY 4.0 Open Access | rec: 13 Aug 2019, publ: 13 Aug 2019

https://www.researchgate.net/profile/George_Brown7/publication/267449753_Minhocas_na_America_Latina_biodiversidade_e_ecologia/links/544faa100cf278a1f19d81ed.pdf
https://www.researchgate.net/profile/George_Brown7/publication/267449753_Minhocas_na_America_Latina_biodiversidade_e_ecologia/links/544faa100cf278a1f19d81ed.pdf
https://www.researchgate.net/profile/George_Brown7/publication/267449753_Minhocas_na_America_Latina_biodiversidade_e_ecologia/links/544faa100cf278a1f19d81ed.pdf
https://www.researchgate.net/profile/George_Brown7/publication/267449753_Minhocas_na_America_Latina_biodiversidade_e_ecologia/links/544faa100cf278a1f19d81ed.pdf
http://www.cfs.nrcan.gc.ca/bookstore_pdfs/18742.pdf
http://www.cfs.nrcan.gc.ca/bookstore_pdfs/18742.pdf
https://www.researchgate.net/profile/Gaia_Pigino/publication/224710520_The_Berger-Parker_index_as_an_effective_tool_for_monitoring_the_biodiversity_of_disturbed_soils_A_case_study_on_Mediterranean_oribatid_Acari_Oribatida_assemblages/links/0912f508fa2b0bd2ca000000.pdf
https://www.researchgate.net/profile/Gaia_Pigino/publication/224710520_The_Berger-Parker_index_as_an_effective_tool_for_monitoring_the_biodiversity_of_disturbed_soils_A_case_study_on_Mediterranean_oribatid_Acari_Oribatida_assemblages/links/0912f508fa2b0bd2ca000000.pdf
https://www.researchgate.net/profile/Gaia_Pigino/publication/224710520_The_Berger-Parker_index_as_an_effective_tool_for_monitoring_the_biodiversity_of_disturbed_soils_A_case_study_on_Mediterranean_oribatid_Acari_Oribatida_assemblages/links/0912f508fa2b0bd2ca000000.pdf
http://taibif.tw/BiotaTaiwanicaAlt/pdf/Earthworm2.pdf
http://taibif.tw/BiotaTaiwanicaAlt/pdf/Earthworm2.pdf
https://www.tandfonline.com/doi/pdf/10.1080/11250000701695250
https://www.tandfonline.com/doi/pdf/10.1080/11250000701695250
https://dergipark.org.tr/download/article-file/436318
https://dergipark.org.tr/download/article-file/436318
https://dergipark.org.tr/download/article-file/436318
https://books.google.gy/books?id=r5atpi-Wmo0C&pg=PA116&lpg=PA116&dq=pontodrilus+litoralis+salinity+tolerance&source=bl&ots=Nrc8cYkhgS&sig=ACfU3U3qM7WHviBFPKN5PCsnI0wFsnVpPw&hl=en&sa=X&ved=2ahUKEwiD9cKnuO3jAhWCrFkKHfsjATkQ6AEwBHoECAkQAQ#v=onepage&q=pontodrilus%20litoralis%20salinity%20tolerance&f=false
https://books.google.gy/books?id=r5atpi-Wmo0C&pg=PA116&lpg=PA116&dq=pontodrilus+litoralis+salinity+tolerance&source=bl&ots=Nrc8cYkhgS&sig=ACfU3U3qM7WHviBFPKN5PCsnI0wFsnVpPw&hl=en&sa=X&ved=2ahUKEwiD9cKnuO3jAhWCrFkKHfsjATkQ6AEwBHoECAkQAQ#v=onepage&q=pontodrilus%20litoralis%20salinity%20tolerance&f=false
https://core.ac.uk/download/pdf/39848562.pdf
https://core.ac.uk/download/pdf/39848562.pdf
https://www.fs.fed.us/global/iitf/pubs/rp_iitf_2006_gonzalez001.pdf
https://www.fs.fed.us/global/iitf/pubs/rp_iitf_2006_gonzalez001.pdf
https://pdfs.semanticscholar.org/8063/8b7bbc9eb1486433dfbb8494ef29e5902942.pdf
https://pdfs.semanticscholar.org/8063/8b7bbc9eb1486433dfbb8494ef29e5902942.pdf


13. Kumar, D., Palanisamy & S., Khan, A. 2011. Annelida, Oligochaeta, Megascolecidae, Pontodrilus            

litoralis (Grupe, 1985): First Record from Pondicherry Mangroves, Southeast Coast of India.            

International Journal of Zoological Research 7(6), 406-409 

14. Margalef, R., 1958. Temporal succession and spatial heterogeneity in phytoplankton. In:           

Perspectives in Marine biology, Buzzati-Traverso (ed.), Univ. Calif. Press, Berkeley, pp. 323-347. 

15. Persaud R. 2019. Impact of deforestation on earthworm populations in Guyana's rainforests.            

PeerJ Preprints 7:e27841v1. 

16. Pielou, E. C., 1966. The measurement of diversity in different types of biological collections. J.               

Theoret. Biol., 13: 131-144. 

17. Shannon, C. E. and W. Wiener, 1949. The mathematical theory of communication. Urbana,             

University of Illinois Press, 177 p. 

18. Shen, H. P. & Yeo, D. 2005. Terrestrial Earthworms from Singapore. THE RAFFLES BULLETIN OF               

ZOOLOGY 53(1): 13-33 

 

LIST OF TABLES 

Table 1.0- Earthworm species density, Mangrove Forest 

Family Species Density 
% 
Abundance 

Megascolecidae 

Pontodrilus litoralis 38.3 64.5% 

Amynthas sp. 16.3 27.4% 

Ocnerodrilidae Eukerria saltensis 3.5 5.9% 

Moniligastridae Drawida barwelli 1.3 2.2% 

 

Table 2.0- Biodiversity indices 

Index Value 

Density 59.4 

Shannon H 0.8883 
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Pielou's E 64.10% 

Margalef Richness Index 0.467 

Berger-Parker Dominance Index 64.50% 

 

Table 3.0- soil data, Mangrove Forest 

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 1559 

O.C (%) 46.6 TDS 740 

K (meq/100g) 0.2 Salinity 2.15 
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Figure 1.0 - The average proportional distribution of earthworms in Mangrove forest 
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Figure 2.0- Earthworm abundance, adults & juveniles 

 

Figure 3.0- Geometric Model of population 
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