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ABSTRACT

We report two pheretimoid earthworm species cultivated in Folia Tropica vermifacility in Los Bafos, Laguna, Philippines.
One species is Pheretima losbanosensis sp. nov., which belongs to P. dubia group in Sims & Easton 1972, characterized
by having three pairs of spermathecal pores in 6/7-8/9. It has an adult size of 220-228 mm x 8-9 mm; and has 26-36 and
56-66 setae on vii and xx, respectively. The other species is Metaphire bahli Gates, 1945, characterized by having three
pairs of spermathecal pores in 6/7—8/9 and post-clitellar genital markings at 17/18 and 18/19. The vermicasts of the two
species are commercially produced and are harvested as organic fertilizers. We promote the utilization of native species
for vermiculture and vermicomposting rather than using the introduced vermicomposting species African nightcrawler
Eudrilus eugeniae.
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INTRODUCTION

Vermiculture is a technology that cultures earthworms for various purposes, mainly on vermicomposting and the
utilization of their vermicasts as organic fertilizers. In bigger vermifacilities, the earthworms are used to expand a
vermicomposting operation or are sold to customers who use them for the same or other purposes. Many countries
in Europe, the Americas, Australia, and Asia have been practicing vermiculture and vermicomposting (Edwards &
Arancon 2006; Edwards & Arancon 2022). The species that is popularly cultured anywhere in the Philippines is
Eudrilus eugeniae, also known as the African nightcrawler, a species introduced to the Philippine soils from Africa
around 1980s (Guerrero 2005; Blakemore 2016a). Their growth and reproductive rates, as well as the efficacy of
their vermicasts as alternative to synthetic fertilizers have been well established (Edwards & Arancon 2006; Ed-
wards & Arancon 2022). However, introduced species have the potential to become invasive if not regulated and
may have detrimental effects to the natural environment such as alteration of nutrient storage and availability in
the soil, and displacement of indigenous species (Bohlen et al. 2004; Holdsworth et al. 2007; Aspe et al. 2009). A
mismanaged and abandoned vermifacility in Bukidnon Province that used to cultivate African nightcrawlers caused
the species to spread across the area. Consequently, we observed a lot of African nightcrawlers in the open but very
little or no native species. A vermifacility in Los Bafios called Folia Tropica has been successfully culturing local
earthworm species and commercializing their vermicasts as organic fertilizers. They are sustainably distributing
their vermi-products in well-known commercial centers in the country for already a decade now. The proprietor, Dr.
Raymundo Lucero, observed that the local species grow and reproduce faster and has better vermicast yields than
the African nightcrawler, thus, he promotes the utilization of local species rather than the introduced ones. As the
species cultivated in Folia Tropica were previously unknown to science, this paper reports the taxonomic identifica-
tion of the local species cultured in the vermifacility.

The introduction and utilization of the African nightcrawler to the Philippine soils was a result of the lack of
knowledge on the indigenous resources in the country. However, as a result of active taxonomic work on earthworm
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species in the Philippines, more scientific information has been made available in recent years, from around 10 spe-
cies recorded prior to 2004, to more than 200 species (e.g. Aspe & James 2014; 2016; Aspe ef al. 2021). The Phil-
ippine native species are collectively referred as pheretimoids, originally belonging to the largest genus of family
Megascolecidae, Pheretima, which were reallocated into 12 genera (e.g. Sims & Easton 1972; Easton 1979; Blake-
more 2007). This article is part of the series of reports of the earthworm fauna of the Philippines (Aspe & James
2014; 2015; 2016; 2017; Aspe et al. 2021; Hong 2018; Hong & James 2004; 2008a; 2008b; 2008c; 2009; 2010;
2011a; 2011b; 2021; James 2004; 2005; 2006; James et al. 2004). Molecular phylogenetic analyses (James 2005;
Aspe et al. 2016; Aspe & James 2018) have also been conducted to elucidate the earthworm species’ diversification
mechanism and distribution in the archipelago. In the case of Los Bafos, Laguna, Hong & James (2008b) previously
described three species from Mt. Makiling. Here, we report Pheretima losbanosensis n. sp. and Metaphire bahli,
adding to the record of species in Laguna Province. In addition, the study presents the record the first native species
in the Philippines being utilized for vermicomposting.

MATERIAL AND METHODS

The Study Area

Los Bafios is a city in Laguna Province located 63 km southeast of Metro Manila, Philippines. It lies on the north-
ern slopes of the long dormant volcano Mt. Makiling and is popular among tourists for its hot spring resorts. Los
Bafios hosts the University of the Philippines Los Bafios (UPLB) along with other local and international research
centers such as the International Rice Research Institute (IRRI), the ASEAN Center for Biodiversity, the Southeast
Asian Ministers of Education Organization-Southeast Asian Regional Center for Graduate Study and Research in
Agriculture (SEAMEO-SEARCA), the Philippine Rice Research Institute (PhilRice), and the Philippine Carabao
Center. In 2000, Los Bafios was declared as a Special Science and Nature City of the Philippines through Presiden-
tial Proclamation No. 349.

Sampling and Morphological Examination

A Gratuitous Permit was secured from the Biodiversity Management Bureau of the Department of Environment and
Natural Resources (BMB-DENR) before the collection of specimens. Sampling was conducted in Los Bafios Folia
Tropica, Pleasant Village, Los Bafios, Laguna on 2 July, 2019. The collected specimens were rinsed and killed with
5% ethanol prior to fixing them in 95% ethanol. All descriptions are based on external examination and on dorsal
dissection under a stereomicroscope, following the terminology and conventions of Easton (1979). Descriptions of
body color are based on living specimens. Body dimensions refer to fixed material. Measurements are in millime-
tres. The generic diagnoses and assignment to species groups follow Sims & Easton (1972). For convenience in
species comparison, the new species were initially compared with the other members of the same species group by
their sizes and the distance between spermathecal pores and between the male pores. Types are deposited in the An-
nelids Section of the National Museum of the Philippines (NMA) and the University of the Philippines-Los Bafios
Museum of Natural History (UPLBMNHLS).

DNA Extraction, Sequencing, and Analysis

Total genomic DNA was extracted from muscle tissues of the earthworm samples using the Wizard® Genomic
DNA Purification Kit (Promega, USA). DNA samples were submitted to the Philippine Genome Center (PGC),
University of the Philippines, Diliman for cytochrome ¢ oxidase subunit I (COI) gene amplification and capillary
sequencing. The PCR mixture contained genomic DNA, COI-F_N (TTTGAGCCGGAATAATTGG) and COI-R_N
COI (TCGAAGAATGATGTATTTAGGTTTCG) primers (Aspe et al. 2016), Taq buffer, DNA polymerase, and
dNTP mix. The cycling profile was as follows: denaturation for 1 min at 95 °C, annealing for 45 s at 52 °C, and
extension for 1 min at 70 °C for 30 cycles with initial denaturation for 5 min at 95 °C and final extension for 10 min
at 72 °C. PCR amplification of RBCL gene with ~1500bp size was confirmed by electrophoresis in 1.2% agarose
gel. Capillary sequencing reactions were performed with ABI BigDye® Terminator v3.1 Cycle Sequencing Kit. The
cycling profile was as follows: denaturation for 10 s at 96 °C, annealing for 5 s at 50 °C, and extension for 4 min at
62 °C for 25 cycles with initial denaturation for 1 min at 96 °C.
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COl sequences of Pheretima species from Aspe & James (2018) and M. bahli from Blakemore (2016b) and Prasankok
et al. (2013) were retrieved from NCBI for phylogenetic analysis with the sequence of the species from this study.
The sequences were aligned using MUSCLE (Edgar 2004). The genetic distance was calculated using the Kimura
2 parameter (K2P) model performed in MEGA 7.0 with bootstrap of 1,000 (Kumar et al. 2016). Phylogenetic re-
construction was performed with Maximum Likelihood (ML) method using the model GTR + G + 1. The tree was
rooted using Pontodrilus litoralis (Megascolecidae) as outgroup.

RESULTS

Systematics

Family Megascolecidae Rosa, 1891

Genus Pheretima (Pheretima) Kinberg, 1867
Type species Pheretima montana Kinberg, 1867

Generic diagnosis. Body circular in cross section, with numerous setae regularly arranged equatorially around each
segment; setae absent on first and last segments. Male pores paired within copulatory bursae opening on segment
XViii; one or more pairs of spermathecal pores in intersegmental furrows between 4/5 and 8/9. Clitellum annular,
covering three segments (xiv—xvi). Single midventral female pore on xiv. Genital markings usually absent. Internal-
ly, oesophageal gizzard usually originating in viii; a pair of caeca originating in xxvii, extending forward. Ovaries
and funnels free in xiii. Male sexual system holandric, with paired testes and funnels enclosed in sacs in x and xi,
and seminal vesicles in xi and xii. Spermathecae one pair, multiple pairs, sometimes single and located midventrally,
or sometimes lacking. Nephridia present on spermathecal duct(s). One pair of prostate glands, racemose. Copula-
tory bursae present; secretory diverticula lacking on coelomic surface of copulatory bursae.

Pheretima losbanosensis n. sp.
(Figure 1)

Material examined. Holotype: adult (PNM 4649), Pleasant Village, Los Banos, Laguna (14°09°29.9”N,
121°15°17.4”E), 24 m asl., Luzon Island, Philippines, coll. N. Aspe, M.R.F. Mapile 2 July, 2019. Paratypes: 3 adults
(PNM 4650); 2 adults (UPLBMNHLS (EW) 158), same collection data as for holotype.

FIGURE 1. Pheretima losbanosensis n. sp. (A) Male pores area. (B) Spermatheca. (C) Prostate gland. Scale bar: 1mm.

Etymology. The species is named after Los Baios City in Laguna Province, the type locality.

Diagnosis. Large brown worms with adult size of 220-228 mm x 8-9 mm; equators pigmented; three pairs of
spermathecal pores at 6/7-8/9; distance between spermathecal pores and between male pores 0.18 and 0.15 circum-
ference apart ventrally, respectively; setae on vii and xx 26-36 and 56—66, respectively. Spermathecae paired in
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vii, viii, and ix, with nephridia on ducts; each spermatheca small with ovate ampulla, stout muscular duct, stalked
diverticulum attached to duct near ampulla, terminating in ovate receptacles, stalks long and thin, some with convo-
lutions; prostates small in xvii to Xix ; penis present.

Description. In live animals, dorsal brown, ventral pale, equators pigmented; Length 220-228 mm (n=6 adults);
diameter 89 mm at x, 8 mm at xx; body cylindrical in cross-section, tail blunt; 117-128 segments. First dorsal
pore at 12/13; spermathecal pores three pairs at 6/7-8/9, inconspicuous, distance between spermathecal pores 5
mm (0.18-0.20 circumference apart ventrally). Female pore single in xiv. Openings of copulatory bursae paired in
xviii, distance between openings 3.5—4 mm (0.15-0.16 circumference apart ventrally), 4—6 setae between openings.
Clitellum annular, from xiv to xvi. Setae evenly distributed around segmental equators; 26-36 setae on vii, 56—66
setae on xx, dorsal setal gaps present, ventral setal gaps lacking. Genital marking lacking.

Septa 5/6-8/9 and 10/11-13/14 thin, 9/10 lacking. Dense tufts of nephridia on anterior faces of 5/6 and 6/7;
nephridia of intestinal segments located mainly on body near septum/body wall junction. Large gizzard extending
from ix to X, esophagus with low vertical lamellae x—xiii. Intestinal origin xv, caeca simple originating in xxvii,
extending forward to xxiii; Hearts in X to xiii, esophageal; commissural vessels in vi, vii, and ix, lateral; those in viii
extend to gizzard; supra-esophageal vessel extends from x to xiii; extra-esophageal vessel joins ventral esophageal
wall in xi, receives efferent parieto-esophageal vessel in xiii.

Ovaries and funnels free in xiii. Spermathecae paired in vii, viii, and ix, with nephridia on ducts; each sperma-
theca small with ovate ampulla, stout muscular duct, stalked diverticulum attached to duct near ampulla, terminating
in ovate receptacles, stalks long and thin, some spermathecae with convoluted stalks. Male sexual system holandric,
testes and funnels enclosed in paired sacs in x, xi; seminal vesicles xi, xii, each with digitate dorsal lobe; vesicles
of xi enclosed in testes sac; vas deferens slender, free from body wall to ental end of prostatic ducts; prostates small
in xvii to xix, each a single, dense, racemose mass; short muscular duct entering center of copulatory bursa; paired
small copulatory bursae xviii; secretory diverticula lacking; tapering penis present.

Remarks. Pheretima losbanosensis n. sp. belongs to P. dubia group in Sims & Easton (1972), characterized
by having three pairs of spermathecal pores in 6/7-8/9. Including the new species, P. dubia group is now composed
of 12 species: P. philippina Rosa, 1981 from Cebu and Mindoro; P. callosa Gates, 1937 from Benguet Province;
P. balbalanensis Hong & James, 2010; P. banaoi Hong & James, 2010 from Kalinga Province; P. lamaganensis
Hong & James, 2011a; P, julkai Hong & James, 2011a from Mountain Province; P. globosa Hong & James, 2011b
in Kalbaryo, Pagudpud, Ilocos Norte; P. vungtauensis Nguyen et al. 2018 from Vietnam; and P. dubia Horst, 1893;
P. korinchiana Cognetti, 1922; and P. poiana Michaelsen, 1913 from Indonesia (Table 1). Among the members of P
dubia group, the new species is most similar to P. philippina in length (180-240 mm). However, the latter has slate
gray pigmentation (vs. brown in P. loshanosensis n. sp.), has more setae in vii and xx (44 and >70, respectively vs.
26-36 and 55-60 in P. losbanosensis n. sp.), has its first dorsal pore in 11/12 (vs. 12/13 in P. losbanosensis n. sp.),
and has no dorsal setal gaps. The caeca in P. philippina extends from xxvi to xxiii and its prostate gland is confined
only in xviii while the caeca in P. loshanosensis n. sp. extends from xxvii to xxiii and its prostate gland extends from
xvii to xix. Also, the spermathecal ampulla of P. philippina is pear-shaped, the stalked diverticulum terminating in
small, round receptacle, and the stalk is shorter than the ampulla. On the other hand, the spermathecal ampulla and
the receptacle of the new species are ovate, and the stalk is longer than the ampulla. Pheretima poiana (290 mm)
and P. callosa (330 mm) are larger than the new species (220-228 mm) while P. korinchiana (83—180 mm), P. dubia
(80—140 mm), P. vungtauensis (132—-169), P. julkai (49-69 mm), P. banaoi (53—-60 mm), P. lamaganensis (46-55
mm), P. balbalanensis (42-50 mm) and P. globosa (35—42 mm) are significantly smaller. Pheretima losbanosensis
n. sp. has ovate spermathecal diverticulum and short prostatic duct while P. poiana has sausage-shaped spermathe-
cal diverticulum and the prostatic duct is in an S-curve. Pheretima poiana also has distinctively long tubular dorsal
lobes of the seminal vesicles, which are absent in P. loshanosensis n. sp. The distances between spermathecal
pores and between male pores are wider in P. poiana (0.4 and 0.29, respectively), P. vungtauensis (0.4 and 0.35,
respectively), P. korinchiana (0.19-0.22 and 0.19-0.23, respectively), P. dubia (0.38 and 0.17, respectively), P. la-
maganensis (0.27-0.28 and 0.21-0.22, respectively), P. julkai (0.20-0.23 and 0.18-0.20, respectively), P. balbala-
nensis (0.28-0.32 and 0.22, respectively), P. banaoi (0.19—0.22 distance between male pores only), and P. globosa
(0.32 and 0.22, respectively) compared with the new species (0.18 and 0.15, respectively). There are more setae on
vi and xx in P. callosa (71 and 114, respectively) and more setae on vii in P. lamaganensis (43—44) while there are
fewer setae on xx in P. balbalanensis (41-42) and in P. banaoi (46—47) compared with the new species (26-36 and
55-66, respectively). Also, there are more setae between male pores in P. korinchiara (12), P. vungtauensis (11-17),
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P. dubia (10), P. lamaganensis (7-10), P. julkai (6—10), P. balbalanensis (6-8), P. banaoi (6—12) and P. globosa (9).
In addition, the new species differs from the other species in the relative length of caeca (xxvii—xxiii in P. losbano-
sensis n. sp. vs. Xxxvii—xxv in P. julkai and P. lamagensis, xxvii—xxiv in P. banaoi and P. balbalanensis, and xxvii—
xxvi in P. globosa) and size of prostate glands (xvii—xix in P. losbanosensis n. sp. vs. Xvi—xviii in P. vungtauensis
and P. banaoi and xxvii-xxviii in P. julkai, P. banaoi, P. lamagensis, P. balbalanensis and P. globosa).

Genus Metaphire Sims & Easton, 1972
Type species Rhodopis javanica Kinberg, 1867

Generic diagnosis. Body cylindrical. Setae numerous, regularly arranged around each segment. Clitellum annular,
xiv—xvi. Male pores paired within copulatory pouches on xviii, rarely xix or xx. Female pores single, rarely paired.
Spermathecal pores usually large transverse slits, seldom small; paired, occasionally single or multiple, between 4/5
and 9/10. Intestinal caeca present, originating in or near xxvii. Testes holandric, rarely proandric or metandric. Pros-
tatic glands racemose. Copulatory pouches present, often with stalked glands; secretory diverticula absent. Ovaries
paired, xiii. Spermathecae paired, rarely single or numerous. Nephridia on spermathecal ducts lacking.

Metaphire bahli Gates, 1945
(Figure 2)

Material examined. 3 adults (PNM 4651); 2 adults (UPLBMNHLS (EW) 159), Pleasant Village, Los Bafos, La-
guna (14°09°29.9”N, 121°15°17.4”E), 24 m asl., Luzon Island, Philippines, coll. N. Aspe, M.R.F. Mapile 2 July,
2019.

FIGURE 2. Metaphire bahli. (A) Male pores (mp) area showing the genital markings (gmg). (B) Spermathecae. (C) Prostate
gland (p) showing the genital marking glands (gmg). Scale bar: Imm.

Diagnosis. Brown worms with adult size of 58—145 mm x 3.3—6 mm; equators pigmented; three pairs of sper-
mathecal pores at 6/7-8/9; distance between spermathecal pores 0.16-0.25 circumference apart ventrally; distance
between male pores 0.14-0.20 circumference apart ventrally, 3—8 setae between openings; setae on vii and xx 39—49
and 40-72, respectively; genital markings in 17/18 and 18/19 in line with male pores; male region strongly concave
to form an ellipsoid-shaped or rounded area. Spermathecae paired, postseptal in vii, viii, and iX, no nephridia on
ducts; each spermatheca large with pyriform ampulla, stout muscular duct, stalked diverticulum attached to duct
near the base of the duct, terminating in ovate receptacles, stalks long, convoluted; male sexual system holandric;
copulatory bursae not prominent; round genital marking glands present in xvii and xix; intestinal origin xv, caeca
simple originating in xxvii, extending forward to xxiv; prostates large in xvi to xx, each a single, dense, racemose
mass; copulatory bursae not prominent; round genital marking glands present in xvii and xix.

Remarks. Metaphire bahli belongs to M. peguana group in Sims & Easton (1972), characterized by having
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three pairs of spermathecal pores in 6/7-8/9 and post-clitellar genital markings at 17/18 and 18/19. The species
group includes: M. peguana Rosa, 1890; M. saigonensis Omodeo, 1957; M. kiengiangensis Nguyen et al. 2015; M.
dorsomultitheca Nguyen et al. 2015; M. nhuongi Nguyen, 2016; M. doiphamon Bantaowong & Panha, 2016 in Ban-
taowong et al. 2016; M. haui Nguyen et al. 2020; and M. narraensis Aspe et al. 2021. First recorded in Sri Lanka,
M. bahli has also been recorded in Vietnam (Nguyen et al. 2016; 2017; 2020), India (Narayanan et al. 2019), Thai-
land (Prasankok et a/. 2013), Laos and Cambodia (Gates 1945), as well as in Darwin, Australia (Blakemore 2016b).
In the Philippines, M. bahli had been recorded in Batangas, Manila, Angeles City, Pangasinan, Panay, Negros and
Sibuyan Island (Thai & Samphon 1989; Blakemore 2016b). The morphological features of M. bahli in Los Bafios,
Vietnam and India in general coincide (Table 2). However, there are discordances in some characters. For example,
the distance between spermathecal pores and between male pores in M. bahli in Los Bafios is 0.16 and 0.16 circum-
ference apart ventrally, respectively. On the other hand, Nguyen et al. (2017) reported that the distance between
spermathecal pores and between male pores in M. bahli in Vietnam are 0.25 and 0.20 circumference apart ventrally,
respectively. Narayanan et a/. (2019) did not provide information on the distance between spermathecal pores and
between male pores in M. bahli in India. The pre- and postclitellar setae in M. bahli in Los Bafios and in Vietnam
more or less belong to the same range (3949 in the preclitellar segments and 40—72 in the postclitellar segments).
However, this is in contrast to Narayanan et al.’s (2019) description of M. bahli in India wherein the number of setae
in the preclitellar segments reaches 73+ while it reaches 91+ setae in the postclitellar segments.

TABLE 2. Comparison of some morphological characters among Metaphire bahli collected from India, Vietnam and the
Philippines.

Characters India Narayanan et al. 2019 Vietnam Nguyen et al. 2017 Philippines present study
Length 76—121 58-100 118-145
Diameter 4-5 3344 5.5
Segments 79-119 53-114 90-116
Pre-clitellar setae 73+ 39-47 (viii) 43-49 (vii)
Post-clitellar setac 91+ 40-72 (xxx) 58-63 (xx)
Dist. bet. sper. pores ? 0.25 0.16
Dist. bet. male pores ? 0.20 0.16
Setae bet. male pores ? 4-5 3-8
Caeca XXVii—XX1V ? XXIV—XXI1V
Prostate glands XVii—XX ? XVIi—XX

Genetic distance and phylogenetic analysis

A COI sequence was successfully obtained from Pheretima losbanosensis n. sp. However, despite several attempts,
including the designing of new primers, no COI sequencewas obtained from M. bahli collected in Folia Tropica. The
K2P distance between Pheretima losbanosensis n. sp. and the other pheretimoid species based on COI sequences
varies between 15% to 20.9% (Table 3). This range is in concordance with the results of Nguyen et al. (2018; 2020)
on the analysis on the interspecific genetic distance of other pheretimoid species. In particular, the K2P distance of
Pheretima losbanosensis n. sp. with the other species of the Pheretima dubia group ranges between 15% and 18.4%.
The phylogenetic analysis based on COI sequences generated a tree with weakly supported branches and therefore
does not give a conclusive result (Figure 3). Pheretima losbanosensis n. sp. falls in a weakly supported clade with
other species of the Pheretima dubia group (with 3 pairs of spermathecae). The phylogenetic relationship among
members of the P. dubia group and the P. darnleiensis group (with 4 pairs of spermathecae) in Aspe & James (2018)
has also not been resolved even with the use of multiple gene markers that reached a length of more than 2,600 bp.
More robust data such as the use of complete mitochondrial genome may be needed to resolve the phylogenetic
relationship among various earthworm groups (e.g. Hong et al. 2017; Shekhovtsov et al. 2020; Liu et al. 2021).
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FIGURE 3. Maximum Likelihood tree using COI constructed following the GTR + G + I model showing the relationship of P
losbanosensis n. sp. with other Pheretima species and Metaphire bahli. The accession nos. are reflected with the taxa. Bootstrap
values lower than 70% indicate weak support and are not reflected.

DISCUSSION

For already a decade of operation of Folia Tropica vermifacility, this is the first time that the earthworms they are
culturing have been taxonomically identified. Although Dr. Lucero, the proprietor of Folia Tropica, observed that
P. losbanosensis n. sp. and M. bahli grow and reproduce faster and have better vermicast yields than that of the
African nightcrawler, biological tests of the earthworms and physico-chemical analyses of the vermicasts need to
be conducted to quantify and verify these observations. We have an ongoing study investigating the composition
and diversity of gut and cast microbiota of P. loshbanosensis n. sp. and M. bahli. Based on our preliminary data,
their mineralization activities may be associated with their microbial interactions. In pot experiments conducted at
the International Rice Research Institute (unpublished), the presence of M. bahli has been observed to increase N
content and growth of upland rice and maize in sandy (unpublished).

Other pheretimoid species have been studied for their benefits in agriculture. Waqar et al. (2019) reported the
contribution of Amynthas gracilis (Kinberg 1867) in decomposition and soil nitrogen mineralization. Fresh casts of
Pheretima sp. and M. peguana were reported to have higher pH, porosity, moisture, organic matter, and exchange-
able cations including calcium, magnesium, potassium, and sodium (Boonchamni ef al. 2019). Vermicomposts
processed by some Metaphire species have also offered beneficial effects to soil microbial properties. For example,
soils amended with vermicomposts treated with M. posthuma demonstrated higher enzymatic activities, bacterial
and catabolic diversity, and nitrogen content (Doan et al. 2013). Soil aggregate stability and plant growth were also
positively affected by earthworm activities such as burrowing, mixing, and casting as in the case of M. guillelmi (Yu
et al. 2008). In addition, M. posthuma was also reported to bioprocess toxic compounds (Das et al. 2015) and its
extracts and casts exhibited antimicrobial activity (Kumar et al. 2012; Bansal et al. 2015). Casts of M. tschiliensis
tschiliensis were also characterized to have higher nutrient content associated with higher gut microbial composi-
tion (Teng et al. 2012).

Both P. losbanosensis n. sp. and M. bahli are characterized to have epigeic living habit, being found to be
abundant in the large mounds of composts feeding on decaying organic matters. Epigeic earthworms can promote
the decomposition of organic matter and improve the availability of nutrients in the soil (Ravindran et al. 2014).
Epigeic earthworms can also effectively promote the microbial secretion of enzymes into the soil, thereby improv-
ing enzyme activity at the soil surface (Caravaca & Roldan 2003). The high adaptability of M. bahli as reflected
by its wide geographic distribution is a factor why it is suitable for cultivation. As for P. loshanosensis n. sp., more
surveys need to be conducted to verify its geographic distribution. In vermiculture and vermicomposting, aside from
the vermicasts products being sold, earthworms are also being sold and brought to other areas. Although we promote
the cultivation of native species rather than using exotic species such as the African nighcrawler, we discourage the
introduction of local species by bringing to other areas.
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