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First evidence of tumor-like anomaly infestation in Copepods from the Central
Indian Ridge
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To investigate the distribution and abundance of mesozooplankton in the Indian Ocean, zooplankton sampling was
conducted along the Central Indian Ridge (CIR) from the equatorial waters to goS latitude. Of the seven sampling locations,
cysts or Tumor Like Anomalies (TLA) of ectoparasites like Ellobiopsis sp (Protista, Ellobiopsidae), being known as TLA
were observed at the 5 locations. The highest frequency of TLA was observed at Stn. MPN-03 at all the 3 depths sampled
(0-500 In, 500-1000 m and 1000-1500 m). Frequency of infected specimens among all the sampled copepods varied from
3.0 - 6.9%. Among the infected genera, Oncaea sp (Copepoda: Poecillostomatoida) was the most dominant accounting
21.2% followed by Clallsocalanus sp (13.6%), Centropages sp (12.9%), Pleuromamma sp (9.4%) and Acrocalanus sp
(7.8%). Two types of tumors were observed. Type 'A' was elongated and full of small granular structures in the tumor and
type 'B' was spherical with few or no granules in the structure. Type 'B' was the most common that dominated in terms of
frequency (96.60%), where as type 'A' which was observed rarely, was in 3.4% or the total parasiti?ed population.
Consequent to the physico-chemical anomalous signatures of active hydrothermal mineralisation recorded at station MPN­
03, it is hypothesized that high levels of potentially toxic chemicals erupted from the hydrothermal plume caused the
weakening of the exoskeleton of Oncaea and other copepod species, making them more susceptible to the parasitic attack,
especially to ectoparasitcs like E/lobiopsis sp. These ectoparasites attack the host and feed on their body fluids which may
lead to the death or the host. This study emphasis the consequences of parasitic infection in dominant planktonic copepods
like Oncaea to' the deep-sea food chain.
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Introduction
Copepods are the most numerous metazoans in the

aquatic conununity and ubiquitous members of
.planktonic fauna. Ecologically they are important in
the food chain linking microscopic algae to juvenile
fish to whales. Their habitats range from lakes on the
highest mountains 1 to the deepest ocean trenches, and
from the cold polar ice-water interface2 to the hot
active hydrothermal vents3

. Copepodsmay be free­
living, symbiotic, or internal or external parasites on
almost every animal phylum in water. But recently
scientists have observed that these .crustaceans
themselves are host attacked by a mystetious parasite,
forming abnormal protuberances on their carapace,
being known as Tumor Like Anomalies (TLA(

Most of the studies can'jed out so far on such TLA
are confined either to coastal waters or frcshwater4

-
S
,

hence the present study is the first record such
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abnormalities in copepods from the mid oceanic ridge
system of the Indian Ocean.

Materials and Methods
Study area:

The Central Indian Ridge is a part of the 70,000 kIn
long global Mid-Ocean Ridges (MOR) and constitutes
an impOliant regime of divergent plate boundaries
(Fig. 1). Based on the spreading rates, Raju et al. 9

have considered the northern part of ClR as a slow
spreading ridge (36 mm 1'(1) and southern part as an
intermediate spreading ridge (50 mm yr -'). Further,
on the basis of a detailed study carried out using
multibeam bathymetry, gravity, and magnetics, they
suggested the predominance of tectonic extension in
this area during the present stage of evolution.

Field sampling and a'lalysis:
Zooplankton was sampled from the equatorial

waters of the Indian Ocean (Fig. J) onboard ORV
Sagar Kanya (cruise no. SK-20l) during March 2003
Cfable 1). The sampling area reveals a variable
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depth up to surface using a Multiple Plankton Net
(MPN) of200l-t mesh size lowered from the aft diving
platform and then hauled back to the surface. AIL the
nets of the MPN were opened acoustically. The
sampling depth was measured by a built in pressure
sensor of MPN. A minimum of 3 nets were operated
at each location with the sampling depth intelVal of
500 m. Each tow duration was -45 min. After arrival
of the MPN on the deck of the vessel, the nets were
washed with filtered seawater from outer side of the
net to collect the zooplankton fauna in net bottles.
Samples were' preserved in nutralized 5%
formaldehyde solution. Biomass of zooplankton was
measured onboard the vessel as displacement volume
by standardized methods10. 'Jelly like' organisms
were excluded from the biomass measurements and
the individual counts were made to include in density
values. Quantitative analysis of the zooplankton
samples were subsequently carried out in the shore
laboratory. Copepods were identified!! up to generic
level, but only to broader assemblages with some
specialist groups; immature and damaged ispecies. All
copepods with the protuberances were sorted, COunted
and studied individually. Based on the identification
keys as well as personal communications with some
of the experts, we conclude that all TLA recorded
here could be due to the parasites.

Fig. I-Geographical position of the sampling stations along the
Central Indian Ridge (depth counters in meters).

Depth range (m): 1500 -1000; 1000-500 and 500-0
~~~~els ope.r:ated at each sam~'lalion : O~ _

bottom topography structured by the systems of sea
mounts, plains and typical ridges. The objective of the
multidiciplinary cruise was to study the tectonic and
oceanic processes along the ridge and hence the cruise
track strictly followed the ridge segment. Vertical
tows were taken at 7 stations from 1500 111 water

Species

MPN-Ol 15-03-2004 06° 33' 67" 34' Oncaea sp.
MPN-02 16-03-2004 05° 23' 68° 32' Oncaea sp.
MPN-03 16-03_2004 05° 12' 68" 29' Ollcaea sp.
MPt'-04 17-03-2004 05' IS' 68" 30' Ollcaea sp.
MPN-05 1~-03-2004 04" 59 68° 32' OncaeCl sp.
MPN-06 21-03-2004 07" 15' 67"01 ' Ol/alea sr.
MPN-07 22-03-2004 07' 55' 67"56' Ollcaca sp.

Results and Discussion
Copepod composition:

Zooplankton community of the study area was
composed of 27 taxonomic groups and was dominated
by copepods, which comprised of 79.76% of the total
zooplankton abundance followed by Chaetognatha
(3.63%), Bryozoa (3.43%), Larvacea (2.37%) and
Ostracoda (1.22%). Other groups including
Radiolaria, Cladocera, Thaliacea, Euphausiidae and
others accounted collectively 8.63% of the
composition of the planktonic fauna.

The sampled Copepoda comprised of 52 gen;:;ra
helonging to orders Calanoida, Cyclopoida,
Poecillostomatoida and Harpacticoida. TLA occurred
in orders Poccillostomatoida (2 genera) and Calanoida
(18 genera). The highest frequency of TLA was
observed at Stn. MPN-03 at all the 3 depths sampled
(0-500 m, 500-1000 m, 1000-1500 m). Among the
infected species, Oncaea sp. (Copepoda:
Poecil·!ostomatoida) was the most dominant
accounting for 21.24% of the infected population
(Fig. 2) followed by Cll1usocalalZus sp. (13.60%),
CelZtropuges sp. (12.90%), Pleuromfllluna sp.

DominantLat(S) Long.
(E)

Sampling
date

Table ]-Details of the zooplankton sampling

Station
No.
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Fig. 2-Frequency of tumour like anomalies in different copepod
genera

Pleuronunama sp. (Type BI

Centropages sp. (Type BI

Clausaca/anus sp. (Type Al

Fig. 3-Diffcrent types of abnormalities found on Oncaea sp.
(A = granular tumor; B = spherical agranular tumor)
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(9.35%), Acrocalanus sp. (7.75%), Paracalanus sp.
(5.10%) and Scolecithrix sp. (4.25%). Other genera
with such abnonnalities were Metacalanus sp.•
Euchaeta sp. and Labidocera sp. (3.40% each).
Scolecithricella sp., Haloptilus sp. and Eucalanus sp.
(2.55% each), Mesocalanus sp., Candacia sp.,
Paracandacia sp. and Un.deuclzaeta sp. (1.70% each).
COI)'caeus sp. (0.85%). Phaenna sp. (0.16%) and
Pareucalanus sp. (0.16%).

Nature of the TLA:

Transparent pyrifonn TLA co-occurred in
copepods at 5 of 7 stations sampled from the Central
Indian Ridge. TLA were most commonly observed at
the articulation of the second·· and third prosomal
segment (Figs. 3, 4). They were commonly found on
the most abundant and highly predacious Oncaea sp
(Fig. 4). Two types of TLA were observed. Type •A'
was elongated with full of small granular structures
(Fig. 3A) and type 'B' was spherical with few or no
granules in the struclUre (Fig. 38). Type 'B' was the
most common (96.60%) whereas the Type 'A' made
up only 3.4/ic. of the total infccted population.

Aquatic food weh is always subjected to different
kinds of threats to its well-heing and it is difficult to
say what the. next threat could he. Skovgaard I~

hypothesized that ectoparasite Ello!J;ops;s sp.
(Protista:Ellobiopsidae) pierce weak shelled
copepods, usually the anterior part of the body ano
fe~d on their hody lluids. Some dinoflagellate
endoparasites such as BlaSlOd;llilllll sp. are also
known to infect the marine copepods JJ

, which may
produce protuberances that persist even after the

Fig. 4-Tumors observed in different copepod genera.

parasite has left the host12
• Ever. though. the exact

etiology of these abnormalities is not confmned, it is
believed that carcinogenic chemicals, ultraviolet
radiation, injury, or viral or bacterial infections are
also known to cause tumors or TLAI4

• It is said to be
a global phenomenon that has a common cause?, but
the factors responsible for the susceptibility of the
copepods to such parasitic attacks may be site specific
and the frequency as well as type of infection could
vary from area to area.

Frequency or the nhnormnlities:

The TLA were found at different depths at 5 of 7
stations sampled from elR. The highest (average)
frequency was observed at station MPN-03 (390
noll OOm '> The percentage of infected specimens
among all the sampled copepods varied from 3.0­
6.9(70 and maximum infected population was in 500­
1000 m water depth (Table 2), The frequency of the
parasitiled specimen at this station was maximum in
0-500 m water depth followed by 1000-1500 m;
comparatively fewer animals with portusioll were
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MPN-01 MPN-Q2 Ml'N-Q3 MPN-04 IoIPN-05

Sampling staIlons

Fig. S-Abundance of infected copepods at different locations
and water depths.

sampled. As shown in Fig 5, the frequency of TLA
infected specimen was highest in 0-500 m (512
no/100m3

) water depth followed by at 1000-1500 m
and mid depth of 500-1000 m, recorded low
frequency. TLA was also observed in copepods
collected from other four stations; however, their
frequency was significantly low.

Could it be related with hydrothermal vent?
Indian Ridge system, although less studied

compared to the Pacific and Atlantic Mid Oceanic
Ridge systems, is said to be having many active
hydrothermal v~ntsI5,16. During the present cruise
(SK-20l), Sarma et al. l

? recorded some strong
physicochemical signatures (Fig. 6) with very high
concentration of eli; (6.02 nM) and SiOz (125.57
f-tM) at station MPN-03. Further, Bhandare & Ingolel8

also reported very high zooplankton biomass in the
deeper waters (1500 m) at the same location (MPN­
03), The above studies strongly suggest the possibility
of an active hydrothermal vent in the vicinity of
station MPN-03. Surprisingly, this was the same
station where the incidance of TLA was also highest
and the percentage of the infected copepods were
highest in the samples collected at waler depth of 500­
1000 m (Fig. 1; Table 2).

While discussing the effect of hydrothermal
effluents on the marine organisms Berg & Van
Doverl9 and Burd & Thomson2o showed that the effect
of hydrothermal effluents at mid-ocean ridges is not
confined just to the sea-floor environment but the flux
from the hydrothermal vent gets mix with the water
column and may reach to surface as well as few km
from the actual vent site. Thus, the hydrothermal
effluents affect the entire water column. Vent
effluents contain potentially toxic chemicals 'with high
metal concentration21

, 22 that can be detrimental to the
fauna above the vent field, Zooplankton, especially
copepods perform periodic cyclic migration from the
depth of the plume to the mesopclagic zone, probably
in search of the additional food materials20

. O/1(:aca

sp., the most abundant copepod group in this study
shows a strong vcrtical migration with thc ability to
migratc hundreds of meters"'. We suspect that the
higher ahundanee of these pelagic copepods species in
deeper watel's (I OOD-ISOO m) is due to their
oppo!1unistic nature20 to feed on the excessive food
material ncar the hvdrothermal vent in the form of
venl bacterial'l and organic carbon"". Besides the
higher bacterial biomass, the hydrothermally
int1uenced zone could have high concentration of
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Total (copepods)
No_ ofTLA infected

copepods

TLA infected copepods
(%)

recorded from the water depth of 500-1000 m (Fig. 5).
TLA was observed in copepods collected from four
other stations; however, their frequency was
significantly low. The highest frequency of TLA
(average frequency of 3 depths, 390 no/100m3

) was
observed at station MPN-03 at all the 3 depths

Table 2-Mean abundance (no loom-3
) of planktonic copepods

....~th percent occurrence of TLA infected copepod specimens
(n=15)

Fig. (>-Physical anOl11a)ou" s.ignatures of hydrothermal vcnt at

MI''i-01. (A=Significani increase '!l Lighl Scatlering; B
Significanl decrea,e in Lighl Trammission coincidcnllo 'A')
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Fig. 7-Schematic representation of the possihle relationship
between hydrothermal plume and Tumor like anomalies in
planktonic copepods

potentially toxic chemicals21
.!! and metails26

• Thus. as
depicted in Fig. 7, pelagic copepods (e.g. Ollcaea sp.)
not adapted to toxic vent environments may get
exposed to toxic levels of metal concentration. The
toxic chemicals, and excessive mctal conccntration
wcakent:d the exoskelcton of the c()pepoJs7.~a making
them more susceptible to the aHack of the
ectoparasites such as NlobjofJsis sr., by means of (Ile
tUITIor formation on their carapace.

SCIlJlC for future ("esearch:

Although th~ factors responsible for abnormal
protuhcrances in marine copcpods arc stillunkl1O\\'l1::.
high frequency of TLA in d(!Illinant copeplld groups
(e.g. OI/COl'll had >21 (.:~, TLA among the infected
copepods) from thc elR could Ix <In emerging threat
to planktonic comlllunities. Tllercrore. furthcr
investigations arc urgently needed to examine
etiology as weli as spatial and temporal distribution of

TLA's among various host species. To this approach,
some investigations are proposed using the light and
electron microscopy of the parasitized specimen.
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Acknowledgement

We thank Dr. Salish Shetye, Director. NIO, Goa,
for facilities. We would like to express our gratitude
to all the cruise participants and vessel crew for their
assistance in onboard sampling. Our special thanks to
Dr. Chris Reid, Director, Sir Alister Hardy
Foundation for Ocean Sciences (SAHFOS), UK and
Dr. Alf Skovgaard, Institut de Ciences del Mar,
Barcelona, Spain for their help and suggestions on the
parasite identification. Suggestions of Dr. David
Conway of PML, Plymouth (UK) were very useful in
improving manuscript. This is the contribution No.
4338 of NTO, Goa.

References
1 Peralta P & Claps M. Plankton of a high mountain shallow

lake (Los Horcones, High Los Andes Cordillera, Mendoza,
Argentina). Verhandlungen der Int. Vereinigung fuer
Theoretische und Allgewandte Limnol., 28 (2002) 1036­
1040.

2 Bocher P, Cherel Y, A1onro F, Rawuts S. Labat J P.
Mayz.1ud P & Jouvenrin P, Importance of the large copepod
Puraeuchaeta amareliell (Giesbrecht. 1902) in coastal waters
and the diet of seabirds at Kcrgut:len. Southern Ocean. J.
Plank. Res.• 26 (2004) t479-1488.
Hourdez S. Lamontagne J. Peterson P, Weber R E, & Fisher
CR. Hemoglobin from a deep-sea hydrothermal-vent
copepod. Bioi. Bull.. t99 (2000) 95-99.

4 Silina N I & Khudolci V V. Tumor like anomalies in
planKtonic copepods. Hydrobiology, 30 (1994) 52-55.

5 Crisafi P & Crescenti M. Conseguem.c delle attivita umane
sullo zooplank1on del mare de Taranto. Boll. Pesea Piscic.
ldrobiol.• 30 (1975) 207-218.

6 Manca M. Beltrami M & Sonvico D. On the appearance of
epibiont$ on the crustacean zooplank1on of a large subalpine
1ak.: undergoing oligotrophicalion \L ~1aggior.:, Italy). Mem.
lSI. Ilal.ldrobiol.. 54 (990) 161-171.

7 Omair M. Vanderploeg H A. Judc D J & f'ahnenstiel G L.
[,irst onserl'ations of tull1or·like abnormalilies (eXopliylic
k.,~ioJ1s) on 1......lkc 1\1Jchigan zoopbn;"t(ln, Call. 1. flSI:
,\qual. S,·,., 56 (1'J'J9, 171 i-171:'

~ l\kssick G ..\. \'andc,pl'lCg II A. Cava kilo J F 8: T)'lc,' S S.
I ii~toll.l~iGd charaCleri:-'lics of ~"Illlfflla! rrulrusWI1~ Oil

copepl\(h r"'lll Laks' :sli,hig'lll. Z",,;' 511/(/" ·n ('.()(l4j -' 14·
122.

') Kamcsh R"ju K :\. R;:ll1plasad T. Sul>Ja'lfllanyam C.
(jeophy"ica: illn~"lig~lli(\n~ o\'cr a \L'gll1~n! uf (11:.-' Central
Indian RIdge. IndIan O<:eJII. Cm·Hal. IA.'/Is.. 17 (19<)7) ('i).

20J.
10 KI"IlICI D. Kalin 1\1 J. Sle, ellS f: G. Thl"ilktll J R. & 7\\'cifei

I R. Colle~tillg a:lu processing u:u,\ on fish egg ""u lalvae in
the California Cum'lll region, .\''0.-\,1 ]'",-)1. Rcl' no 119'2\
I -.l~.



232 INDIAN J. MAR. SCI., VOL. 37, NO. 3, SEPTE~BER 2<108

11 Conway D V P, White R G, Hugues-Dit-Ciles J, Gallienne C
P & Robins D. B, Guide 10 lhe coastal and surface
zooplanktun of Ihe south-western Indian Ocean, Occasional
Publication No. 15, Mar. BioI. Ass. UK , 2003,pp. 354.

12 Skovgaard A, Tumor-like anomalies on copepods may be
wounds from Parasites, J. Plank.. Res., 26(2004) 1129-1131.

13 Chanon E. us Peridjniens parasites. morphologie,
reproduction, Ethologie. Arch. lim/. Exp. Gen., 59 (1920) 1­
475.

14 Harshbarger J C. Invertebrate and cold blooded vertebrate
oncology, In Spontaneous animal tumor.<: a survey. edited by
Rossi, L, Richardson, R and Harshbarger, J, (Press point di
Abbiategrasso, ~ilano, Italy) 1997, pp. 41-53.

IS Fujimoto H, Cannat M, Fujioka K, Garno T, German C,
Mevel C, Munch U, Ohta S. Oyaizu M. Parson L, Searle R,
Sohrin Y & Yama-ashi T, First Submer~ible Investigations of
mid-ocean ridges in the Indian Ocean, ItllerRidge Ne,,'s, 8
(1999) 22·24.

16 Hashimoto J, Ohto S, Ohta S, Garno T, Chiba H, Yamaguchi
T, Tsuchida S, Okudaira H, WaLabe T, YamanakaT,
Kitazawa M, Hydtothermal vents and associated biological
communities in the Indian Ocean, InrerRidge News, :0
(2001) 21n

17 Sarma Y V B, Ray D, Jagadeesh P S V, Nagaraju A & Rao,
B R, Some signatures of deep sea hydrothermal activity, the
Central Indian and Carlsberg Ridge regions, IntcrRidge
Workshop, NIO, Goa, India (2005), Absl. No.S5-HP-2ST,
pp.33.

18 Bhandare C & 1ngole B S, Diversity, stantling stock and
vertical distribution of zooplankton community along the

Carlsberg and Central Indian Ridge, /merRidge Workshop,
NIO, Goa, India (2005), Absl. No.F5-HP.20P, pp.67.

19 Berg C J & van Dover C L, Benthopelagic macro­
zooplankton cOllununities at the near deep· sea hydrothcnnal
vents in the eastern Pacific Ocean and the Gulf of California,
Deep-Sea Res., 34 (1987) 379-40I.

20 Hurd B J & Thomson R E, Hydrothermal venting at
Endeavour Ridge: effect on zooplank{on biomass throughout
tile water column, Deep-Sea Res., 41(1994) 1407-1423.

21 Thomson R E., Gordon R L, & Dolling A G, An intense
acoustic scaltering layer at the lOp of a mid ocean ridgt
hydrothermal plume, J. Geophys. Res., 96 (1991) 4839-4844.

22 Hurd B J, Thomson R E & Jamieson G S, Composition of a
deep scattering layer overlying a mid ocean ridge hydro­
thermal plume, Mar. Bioi., 113 (1992) 517-526.

23 Humes A G, Copepoda from deep-sea hydrothermal vents,
Bull. Mllr. Sri., 41 (1987) 645 -788.

24 Burd B J & Thomson, R E, Distribution of zooplankton
a,sociated with the Endeavour Ridge HydrothennaJ Plume,
J. PIIJJ1k. Res., 17 (l995) 965-997.

25 Dymond J & Roth S, Plume dispersed hydrothermal
particles: a time series record of settling flux from Endeavour
Ridge using moored sensors, Geochim. Cosmochim Acta, 52
(I988) 2575 - 2536.

26 Rozan T F, Lassman M E, Ridge D P & Luther UI G W,
Evidence for iron, copper, and zinc complexation as
multinuclear sulphide clusters in oxic rivers, Nature, 406
(2()(){J) 879-882.


