
Freshwater copepods belong to 3 families out of 112 families under three orders,
namely, Calanoida, Cyclopoida and Harpacticoida. Reports on the copepod
representatives in subterranean habitats are rare. During the present study, two
species of the genus Sars, 1914 , namely, Holynska, 1997
and Hu, 1943 have been reported from well waters which do not have
any contact with open water systems from Perumbavoor and Navaikulam. The
present paper is the report of these species from subterranean sources of waters and
apreliminarychecklistof suchotherspecies. Holynska, 1997 has been
re-described also. The two species reported in the present paper show subterranean
/groundwater/well water as well as in open water occurrences are biologically
interesting.
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Introduction
Biodiversity studies on freshwater copepods of India are still in its infancy stage. A few noteworthy
studies on the group have been already carried out from different parts of India (Gurney, 1906; Sewell,
1919, 1924; Kiefer, 1932, 1939, 1981; Ranga Reddy, 1977; 1985; 2000; 2013, 2014; Karanovic & Ranga Reddy,
2005; Mayan, 2006; Ranga Reddy & Defaye, 2008; Ambedkar, 2012; Resmi, 2014; Jayachandran &
Resmi, 2014; Resmi & Jayachandran, 2014). It has been reported thata fewspeciesof copepodsdooccur
exclusively in subterranean water source or in caves (Ito, 1960; Pesce & Maggi, 1981; Dumont & Maas,
1985; Karanovic & Ranga Reddy, 2005; Ranga Reddy & Defaye, 2009). During the present study on the
freshwater copepods of Kerala waters, interestingly a recently described species, Mesocyclops
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Holynska, 1997 was found to occur in wells also and is not connected with open water
systems. The present paper is a report of this interesting case, occupy both in open and subterranean
waters and the species has been re-described also. Yet another species reported from deep well of
Kerala waters in the present paper is Hu, 1943. The paper also provides a checklist of
freshwatersubterraneancopepod faunaasa fundamental data for further investigation.

The species has been collected from a newly dug out well near Perumbavoor, Ernakulam District,
Kerala State (10°10'69'' N, 76°47'37'' E). The well is situated at an elevation of about 12 meters above
MSL. This area has no connection with open river system. The well has been dug out in lateritic soil
and has a depth of 12-15 feet. The source of water is ground water subterranean channels. Specimens
werecollected bypumping outwater fromwell and itwas f iltered throughaplankton netof meshsize
60 µm on 25-09-2013. The species was identif ied with the help of literatures (Holynska, 1997; Ueda &
Reid, 2003). Permanent slides were prepared by using Bee's wax and it was sent to Prof. Maria
Holynska, Museum and Institute of Zoology, Polish Academy of sciences, Wilcra, Poland the
discoverer of the species for conf irmation. The body parts were drawn by using mirror type Camera
Lucida attachment. The is again described here in with view to help for further
investigation. In the present study, Hu, 1943 is reported from a deep well
(subterranean source about 70 feet depth) at Navaikulam, Thiruvanathapuram District, Kerala State
(8°77'36'' N, 76°78'89'' E ). Specimens were collected by pumping out water from well and it was
f iltered throughaplankton netof meshsize 60 µmon 11-05-2013 . Thepresentcollectionof thespecies
has been compared for taxonomic identity by consulting Guo (2000). Diagnosis of is
also given in the text. The preliminary checklist was prepared by consulting literature (Ueda & Reid,
2003; Ranga Reddy & Defaye, 2008; Ranga Reddy, 2014).

Materialsand Methods

Results:

:

The paper presents re-description of , f irst report of from subterranean
source of Keralawaters and a preliminarychecklistof species thatoccur in the different subterranean
watersources.

Chalakkudy, Kerala
Adult female with body length excluding caudal setae is 1.0 - 1.2 mm. Prosome: 1.5 - 2.2 times as

long as urosome (excluding caudal setae) and 1.2 - 1.35 times as long as maximum width. Antennule
17-segmented and last two segments with f inely serrate hyaline membrane. Hyaline membrane of
last segment with a markedly large notch near the distal end; segments 1, 4-5, 7-13 adorned with
spinules on ventral surface. Segments 1, 4 & 5 with scattered shallow pits on posterior surface. The
armature formula: 8s, 4s, 2s, 6s, 4s, ls+lsp, 2s, Is, Is, 0, Is, ls+lae, 0, Is, 2s, 3s, 7s+1ae (Figs. 2 - 4). Antenna
consists of coxopodite, basipodite, and three-segmented endopod with 0, 3, 1, 7, 8 setae respectively.
Caudal spinule ornamentation on antennal basipodite: long spinules on lateral rim, near base;
oblique row of spinules (10) next to spinules on lateral rim; very small spinules on medial rim;
longitudinal row of long spinules (16) along lateral rim which are slightly increasing distally (distal
spinules longer than proximal spinules); oblique row of f ine spinules beginning at distal half of
medial rim (as “ pattern”). In addition to these pattern diffuse patch of spinules
medially to oblique row of f ine spinules beginning at distal half of medial rim; f ield of tiny spinules
near implantation of medial setae and group of spinules near distal rim. Frontal spinule
ornamentation on antennal basipodite: Longitudinal row of 25-32 spinules along lateral rim and a

M. parentium M. pehpeiensis

leuckarti leuckarti

Re-descriptionof Holynska, 1997
Typelocality:

Mesocyclops parentium
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transverserowof spinulesalong proximal rim (Figs.- 5, 6).
Labrumwith toothed distal marginand long hairs presenton theventral and lateral surfaces (Fig.

7). In mandible, palp single segmented with two long and one short setae. Near the palp three groups
of spinules on frontal surface. Spinules forming transverse row conspicuously larger than others (Fig.
8). In maxillula, precoxopodite arthrite with three claws distally, at their base one spiniform seta on
ventral surface. Two medium-sized and three small spiniform setae on inner rim. A few setae present
on the proximal part. Palp with one spine and two setae apically, one small external seta proximally,
and three seta of almost equal size on external lobe. Spinules absent on palp (Figs. 9, 10). Maxilla
consists of coxopodite, basipodite, and single segmented endopod. Precoxopodite bears one endite
with two setae, coxopodite has one endite with one seta. Basipodite with two setae, the longer one
inserted in front of the claw-like basal endite armed with strong teeth. Caudal surface of maxillary
coxopodite with a group of f ine spinules. One-segmented endopod with f ive setae apically (Fig. 11).
Maxilliped with coxopodite, basipodite and two-segmented endopod. Coxopodite with three inner
setae. Basipodite with two setae. Long spinules on inner margin and frontal surface below the
insertion of basal setae. Twogroupsof spinulesarranged caudally near lateral margin. Endopod l with
onestoutseta. Endopod 2 with threesetaeof increasing length fromoutermostto innermost (Fig. 12).

Medial expansion of basipodite of P1- P4 lacking a medial spine. Frontal surface of P1 basipodite
with spinules arranged in semicircular arch. Lateral rim of leg 1-4 coxopodite with hairs. Intercoxal
scleriteof leg 1-4 naked caudallyand frontally. Twosmall acuteoutgrowthson intercoxal scleriteof P4
(Figs. 13-16). Caudal armatureof P4 coxopoditewith intermittentgroupof largespinules (4+2+4) near
distal rimventrally; oblique rowof long spinules in rowson lateral distal corner; long hairs next toand
on lateral rim; rows of small spinules near proximal rim (Fig. 16). P4 endopod 3 with length/width =
2.3-3.2; inner apical spine/outer apical spine = 1.4-1.55; inner apical spine/endopod 3 length = 0.75-
0.83; both edges of inner and outer apical spine, except the proximal third, with teeth at full length.
Apical setaof P5 1.45- 1.5 timesand lateral seta 0.75-0.8 timesas long as spiniform medial seta (Fig. 17).
Long medial setaand two short spines of P6 aboutequal length (Fig. 17). Pediger 5 haired laterallyand
dorsally (Fig. 17). Genital double somite Length/Width 1.2-1.4 (Fig. 17). Lateral arms of seminal
receptacle wide and short, weakly curved posteriorly; anterior margin of proximal part sinuate in the
middle; horse shoe shaped copulatory pore. Transverse ducts form “V” fused near copulatory pore
(Fig. 17).

Distal margin of anal segment with several well-developed spinules ventrally and dorsally, and
only a few intermittent ones on lateral surface. The small spinules that form a semicircular oblique
f ield (or row) are present on both side of the proctodaeum (dorsal surface of anal somite). Caudal
ramus 2.5-3.2 times as long as wide and medial hairs absent. No spinules present at implantation of
lateral seta, but present in the lateral most terminal setae. Spinules present on the ventral surface of
caudal rami. Dorsal caudal seta 0.8 - 1.0 times as long as lateral most terminal caudal setae. Relative
lengthsof terminal caudal setae from medial most to lateral most: 2.2-3.2, 5-6.7, 3.4-4.7, 1.0 (Fig. 1).

Chalakudy River, South India (Marsh) and Sri Lanka (Swamps) (Holynska, 1997; Ueda
& Reid, 2003)

isa rare speciesof copepod in Keralawaters. This species has beenoriginally
reported from River Chalakkudy and then from swamps of Sri Lanka. During the present study this
species has been collected from an underground source of water and that too from a newly dug out
well.

The specimens of the species agree fully with the characters given in the original description by

Distribution:
.

Remarks: M. parentium
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Holynska (1997). However certain modif ications have been met with are (based on Holynska, 1997;
Ueda & Reid, 2003): the endopod of antenna contains 8 setae instead of the 7 already reported. The
pattern of spinule ornamentation of antennary basipodite in the present specimens differs from the
original description. Diffuse patch medially to oblique row of f ine spinules beginning at distal half of
medial rimof caudal sufaceof antennary basipodite in the presentspecimensexhibitsdifferencewith
the pattern as in original description. In the anal somite, presence of small spinules that form a
semicircularoblique f ield (or row) on both side of the proctodaeum in the present specimens has not
been recorded earlier. The differences noted are only intraspecif ic. The present report is an extension
of distributional rangeand new habitat forthespecies.

Synonyms:

Copepod of the genus having 17 segmented Antennule, last two segments with
f inelyserrate hyaline membrane. Hyaline membrane of last segmentextending behind

Diagonosisof Hu, 1943

Diagnosis:

Mesocyclops pehpeiensis

Mesocyclops leuckarti
Mesocyclops ruttneri

Mesocyclops pehpeiensis

pehpeiensis Hu, 1943
Kiefer, 1981;

non : Limand Fernando, 1985

Type locality: Pehpei, Sichuan, China

Mesocyclops
implantation

of medial seta of segment, with 1 large notch; ventral spinules present on segments 1, 4, 5, 7-13.
Antenna with coxopodite, basipodite, and three-segmented endopod with 0, 3, 1, 7, 8 setae
respectively. Caudal spinuleornamentationonantennal basipodite: long spinuleson lateral rim, near
base; oblique row of spinules (7) next to spinules on lateral rim; longitudinal row of long spinules (9-
15) along lateral rim; a row of spinules next to implantation of medial setae; oblique row of f ine
spinules beginning at distal half of medial rim and group of spinules near proximal rim. Frontal
spinule ornamentation on antennal basipodite: longitudinal row of 17-22 spinules along lateral rim
and transverserowdistally tospinulesalong proximal rim.

Two large and acute outgrowths on intercoxal sclerite of P4, reaching about 1/3 height of medial
expansion of basipodite. Caudal armature of P4 coxopodite with continous or intermittent group of
largespinules (5+4) neardistal rimventrally; long spinulesarranged inoneroworgroup nearto lateral
margin; a few spinules in one row along proximal rim; long hairs on lateral rim. Apical seta of P5 with
1.1-1.4 times and lateral seta 0.5-1.3 times as long as spiniform medial seta. Pediger 5 without hair
laterallyand dorsally.

Seminal receptacle have wide and long lateral arms; anterior margin of proximal part sinuate in
the middle; horse shoe shaped copulatory pore. Transverse ducts form “V” fused near copulatory
pore; curvature of copulatory duct varying from straight to strongly curved. Distal margin of anal
segment with continous row of well-developed spinules ventrally, dorsally and laterally. Spinules
presentat implantationof lateral setaand lateral most terminal setae.

Fromcentral Asia (Uzbekistan, southern Kazakhstan) through India, Sri Lanka, Indo-
China and China as far as Japan (Hokkaido) (Suarez-Morales 2005). In the present study the
species is reported from a deep well at Navaikkulam, Thiruvanathapuram District, Kerala State, India
(subterraneansourceabout 70 feetdepth).

The size of this species seems to be variable according to different geographic areas. The
Chinese populationsof females, however, havea tendency to be larger (1.2-1.7 mm) than the American

Distribution:

Remarks:

et al.,
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ones (1.1-1.2 mm) (Suárez-Morales 2005). The present specimens of are coming
in the size range of American forms. The Mexican specimens have clusters of cuticular pores on the
ventral surfaceof thegenital somite, which isabsent in the Keralaspecimensand according toSuárez-
Morales (2005) Asian specimens might lack the pores on the surface of the genital somite and it
was absent in the present specimens. This species already had been reported from wells but from
Indianwaters it isa f irstreport.

Among 43 families of Calanoida, family Diaptomidae; 15 families of Cyclopoida, family cyclopidae
and 54 families of Harpacticoida, family Canthocamptidae have representatives in freshwaters.
From the gathered reports it can be seen that nearly 15 species are conf ined to subterranean sources.
In that, 11 and 4 subterranean species belong to Orders Cyclopoida and Harpacticoida respectively.
The two species reported in the present paper show subterranean/ ground water/ well wateras well as
inopenwateroccurrencesare biologically interesting.

A tentative list of species reported from caves, subterranean, well waters has been provided below. It

requires furtherreview.

Sl.No. Species Source Remarks

Order Cyclopoida

et al., M. pehpeiensis

et al.

Preliminarychecklistofsubterraneanspecies:

1. Ito, 1952 Well water, Japan Reported only from a well in
Kumamoto, Japan

2. Sars, 1927 Well water, New Delhi, Reported from open water
India system other than well water.

3. Borewell, Andhra Pradesh, Known only from riparian bore

Ranga Reddy & Defaye, 2008 India wells

4. Well water, New Delhi, Reported from open water
Fischer, 1860 India system other than well water

5. Well water, New Delhi, Reported from open water
Daday, 1906 India

6. Fiers, 1996 Well water, Yucatan, Reported from wells, karstic
Mexico crevices and subterranean pools

7. Reid, 1996 Cave, Mexico Reported only from large
subterranean waterbodies of the
karstic Yucatan plain.

8. Cave, Katherine, Northern Reported from a shallow pool in
Dumont and Maas, 1985 Territory, Australia a limestone cave of constant high

temperature, Cutta Cutta cave.

9. Well water, Kerala, India Known from River water other
Holynska, 1997 than well water

10. Hu, 1943 Well water, India* Known from other open water
(*Not known precisely) system other* than well water

11. Bore wells, Andhra Pradesh Reported only from bore well
Karanovic & Ranga Reddy, 2005. India

Thermocyclops uenoi

T. oblongatus

Rybocyclops dussarti

Tropocyclops prasinus

Mesocyclops aspericornis

M. chaci

M. yutsil

M. cuttacuttae

M. parentium

M. pehpeiensis

Haplocyclops (Kiefercyclops)
fiersi

Discussion:
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Order Harpacticoida

12. Cave, Chhattisgarh, India Reported only from a cave,
Ranga Reddy & Defaye, 2009 Kotumsar

13. Bore well, Andhra Pradesh, Reported only from bore well.
Ranga Reddy, 2011 India

14. Cave, Cherrapunji, Megalaya Reported only from a cave near
Chappuis, 1954 India India f irst cavernicolous

harpacticoid species from India

15. Well and Bore well Reported only from wells of

(Rouch, 1972) Philippines and bore wells of
Andhra Pradesh, India

Parastenocaris kotumsarensis

P.tirupatiensis

Elaphoidella crassa

Neophyllognathopus bassoti
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