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ABSTRACT

Frequent bloom incidences o f  the dinoflagellate O mithocercus magnificus Stein, 1883 along the surface waters off South
eastern Arabian Seas (SEAS) have been reported since 2015 and specifically during the years 2015,2019 and 2020. All these 
blooming incidences coincided w ith the strong El N ino phases in the Indian Ocean. The present study addressed the bloom 
(1.65 X 10* cells 1 ') o f  this species in the nearshore waters (7 m  depth) off Dakshina Kannada (Surathkal and Chitrapur) 
on 11.02.2016 which occurred during pre-monsoon period and corresponding to the super El N ino year 2015/2016. A  
detailed evaluation o f  the physico-chemical characteristics and phytoplankton abundance as well as community structure 
was made, concurrent to the three phases viz., pre-bloom, bloom and post-bloom periods in  this region. The study revealed 
that the bloom occurred in high saline (35.0±0.91 PSU), well oxygenated (7.414±0.823 m g 1') and nitrogen limited waters 
(oligotrophic conditions) and had a positive correlation with oceanic nino index (ONI; r̂  =  0.790, p<0.001). Some o f the 
O. magnificus (3% ) harboured ectosymbionts probably cyanobacteria in their cingulum in response to the beginning o f a 
stratified oligotrophic condition in  this region. The water quality w'as fair during the bloom period w ith no conspicuous 
discolouration o f the surface waters. The present study also attempted to evaluate the influence o f the increasing fi:equency 
o f  the O. magnificus blooms on the oilsardine fishery along the SEAS.

Keywords: Cyanobacteria, Dinofiagellate, Ectosymbionts, Nitrogen limited w'aters, Oilsardine, Pre-monsoon season, SEAS, 
Sea surface temperature (SST)

lu tro d u r t io u

Omithocercus sp., belot^ing to the family Dinophysaceae 

and characterised by complex structure is an attractive 

planktonic dinoflagellate represented by 15 species 

globally (Cleve. 1900, 1901. 1903; Kofoid, 1907; Kofoid 

and Skogsberg. 1928; Wood. 1963. 1968; Gom ez, 2005). 

In the Indian Ocean also their occurrence has been reported 

by Taylor (1976) and W ood (1963) identifym g 9 and 8 

species o f  this genus respectively. K uzm enko (1975) has 

recorded the presence o f  three species belonging to this 

genus from  the northern A rabian Sea. Furtherm ore, Syed 

e t al. (2008) identified 5 species o f  this genus from the 

surface tropical w aters o f  northern A rabian Sea she lf off 

Pakistan, o f  w hich four w ere new  records.

Earlier Lew is (1965) reported a  considerably high 

ahundancs O m ithocercus m agnificus Stein , 1883 (1.175 

X 10- cells l‘'> in association w ith a  red tom ato soup bloom  

o f  G om au lax po lygra in ina ,oS  Arabian  Sea at 10 m  depth 

during the post-m onsoon season. H igh densities o f  the 

species in  the A rabian Sea, has also been addressed by

Subrahm anyan (1958) indicating discolouration o f  surface 

waters, though the term  “bloom ” w as not mentioned.

O ther than these reports, bloom s o f  this genus in the 

surface w aters o f  A rabian Sea have been a rare occurrence. 

However, in  the recent decades, bloom s o f  this genus 

have been reported frequently from  the northern Indian 

Ocean. K arthik e t al. (2017) reported the bloom  o f  

O. m agnificus in the coastal w aters (surface) off Karnataka 

during the pre-m onsoon o f  2015. In  addition. Lavanya 

e t al. (2020). have also reported on the bloom s o f  

O. m agnificus in  the inshore surface waters, off Kochi. 

Kerala during the post-m onsoon season o f  2019. 

Interestingly, after the subsidence o f  the bloom  in 2019 

and w ithin a gap o f  one month, the species was observed 

once again in  high abundance off K ochi inshore waters 

during February 2020, w ith  presence o f  ectosym bionts 

harboured in  the crow n o f  the cells.

O. m agnificus is used as an indicator species for 

clim ate and environm ental change along the South 

K orean w aters (Kim  e t al., 2008). Korea being in the 

tem perate region, the w arm est w ater tem perature recorded
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w as 23.7°C, however, the presence o f  19 new  tropical 

dinoflagellate species, including the indicator species 

O. m agnificH S  in  very  high abundance, indicated a 

significant change in  the dinoflagellate com position in 

Korean waters. These observed changes w ere attributed 

to w arm ing up  o f  the coastal w aters (Kim  e t al., 2008). 

K im  (2013) reported the presence o f  34 as yet unrecorded 

dinoflagellate species from  South K orean w aters and 23 

o f  these w ere tropical species. Though the presence o f  O. 

rnagnificus in the Indian tropical w aters is com m on and 

generally not considered as harm ful, its high abundance 

in the surface w aters has been linked to increasing sea 

surface tem peratures (SST) (Lavanya e t a l.. 2020) and 

consequent environm ental changes. U nlike bloom s o f  

Trichodesm ium  sp.. w hich are com m on during the pre

m onsoon season, frequent bloom s o f  O m ith o cercu s  sp. 

along the surface w aters o f  Arabian Sea along the SEAS 

is rare. In  a span o f  5 years (2015-019), the frequency o f  

occurrence o f  O. rnagnificus bloom s along the west coast 

o f ln d ia  has been increasing (K arthike?o/., 2017; Lavanya 

e t a l., 2020) indicating a  discernible change in the marine 

ecosystem  especially in term s o f  increased SST w hich in 

turn could have negative im pacts on prim ary productivity 

and the m arine food w eb (John e ta !., 2018). Furtherm ore, 

the presence o f  this species in the gut o f  oilsardine (caught 

by bottom  giilnets and bottom  trawinets during the 

pre-m onsoon), also leads to  a  point o f  concern on  the 

possible cause o f  the bloom ing o f  this bottom  dwelling 

species in the surface waters (Kagwade, 1964; Dulkhed 

e t a l., 1972}. Thus, m ere occurrence o f  the bloom  or even 

a higher abundance o f  this species needs to  be extensively 

evaluated. Even though K arthik e t al. (2017). did not 

report any correlation o f  the bloom  o f  O. rnagnificus 

w ith  SST. the bloom  o f  this species occurred during 

pre-m onsoon concurrent to the E l N ino year (2014-15). 

The present bloom  also occurred during the pre-m onsoon 

o f  a very  strong super E l N ino year (2015-16).

The present study investigated the variability in 

the physico-chem ical attributes o f  the nearshore surface 

w aters, ofl'Dakshina Kannada, south-west coast o f  India, 

during three phases o f  O. rnagnificus bloom  that occurred 

on 11.02.2016 and probed in to the increasing firequencies 

o f  O. rnagnificus bloom s along the SEAS.

Matei'iRls »ud m ethods

S tu (h ' a rea

Two nearshore stations, Surathkal (13°0’23.882”N; 

74°46’43.097’E;6-7mdepth)andChitrapur(12°56'32.761”N; 

74°47’25.56”E; 7 m  depth) off M angaluru in Dakshina 

Kannada D istrict w ere m onitored (Fig. 1). Seawater and 

phytoplankton sam ples w ere collected on a m onthly basis.
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Fig. 1. Map showing the sampling locations in the nearshore 
waters off Dakshina Kannada on 11.02.2016

S a m p le  co llec tio n  a n d  da ta  ana lysis  

C ollec tion  a n d  a n a lysis o f  w a te r  sam p les

Surface seawater sam ples w ere collected during 

the early m orning in polypropylene bottles and brought 

to the laboratory for fiirther analysis o f  their physico

chem ical characteristics. Surface w ater tem perature was 

m easured using  a  centigrade m ercury therm om eter 

(-10°C-110°C; OM SONS). Salinity was measured 

potentiom etricaliy using a m ulti-param eter instrum ent 

(W TW  320i. X ylem  A nalytics LLC. Germany). For 

dissolved oxygen estimation, w ater samples collected in 

125 m l BO D  bottles w ere im m ediately fixed w ith  W inkler 

reagents and subsequently analysed following W inkler’s 

m ethod (Strickland and Parsons. 1968). Chlorophyll a  

w as estimated by filtering the w ater sam ples using GF/F 

W hatm an glass fibre filters o f  pore size 0.7 pm  followed 

by  pigm ent extraction using  90%  acetone and estimation 

in spectrophotom eter (UV-VIS Lam bda 365,_Perk in  

Elm er). D issolved inoi^anic nutrients (amm onia, nitrite, 

nitrate, phosphate and silicate) w ere determ ined using 

standard analytical m ethods (APHA. 1981). W ater quality 

indices (W QI) w ere also evaluated, as per the selected 

environm ental indicators o f  USEPA (2012).

P fiy to p la n k to n  sam p le  co llec tio n  a n d  ana lysis

Phytopiankton samples w ere collected by horizontal 

hauling o f  a standard plankton net o f  m esh size 20 jim  and 

0.5 m ' m outh diameter, at a speed o f  2 knots for 10 min 

and preserved using 4%  formaldehyde. Enum eration and
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identification o f  the phytopiankton samples w ere carried 

out following the standard phytopiankton identification 

m anuals (Subrahmanyan. 1958; 1968) under light 

m icroscope (LEIC A IC C 50).

S ta tis tic a l an a lysis

The Shannon and W einer index w as estimated 

to determ ine the phytopiankton species richness and 

diversity in  the bloom  (Shannon and Weaver. 1949) using 

the statistical softw are PRIM ER (Ver.6.3.2). Spearman 

correlation analysis (2-taiied) w as also carried out using 

SPSS software (SPSS Statistics 23) to  evaluate the 

significant relation o f  various abiotic variables w ith  the 

abundance o f  O. m agnificus.

S eco n d a ry  da ta

To understand the intensity o f  El N ino and La Nina 

events, oceanic nino index (ONI) data pertaining to 2015- 

2019 years w ere accessed from  the N ational Oceanic and 

A tm ospheric A dm inistration (NOAA). M onthly average 

rainfall data during the study period w as collected from 

Indian m eteorological department. M onthly fish catch 

data for the period w as taken from  data bank  o f  National 

M arine Fisheries Data Centre (NM FDC) o f  ICAR-Central 

M arine Fisheries Research Institute (ICAR-CM FRI).

Results aud discussion

B lo o m  ch a ra c teristics

M icroscopic exam ination o f  the phytopiankton 

sam ple collected on 11.02.2016 from  the nearshore waters 

off" Surathkal (1.65x10^ cells 1‘) and Chitrapur (7.6x10- 

cells 1‘) in D akhsina K annada revealed O. m agn ificus as  

the dom inant phytopiankton species responsible for the 

b loom  (Fig. 2). The incidence o f  this genus in the Arabian 

Sea w ith  exclusive occurrence restricted to pre-m onsoon 

phase has been reported by Subrahm anya (1958), 

Kuzm enko (1975). G om ez (2005). Syed e t al. (2008) and 

K arthik e t a l  (2017), w ith an exception on their occurrence 

during post-m onsoon by Lavanya (2020). The length o f  

O. m agn ificu s  ranged from  70-100 jim  w ith 6-8 complete 

ribs (Wood. 1954,1968; Taylor. 1976). Coinciding w ith  the 

earlier reports, the present bloom  also occurred during the 

pre-m onsoon period. In  order to  have a detailed seasonal 

evaluation o f  the bloom , the occurrence and abundance 

w as m onitored and categorised as Pre-bloom . Bloom  

and Post-bloom  phases. The pre-bloom  sam pling was 

conducted on  25.01.2016 and w ere characterised by a cell 

count o f  6.6 xlO^ ceils 1‘. A  spike in  their abundance was 

noticed in February reaching to a  m axim um  abundance 

(1.65 X 10®ceils l ‘)a n d  hence w as categorised as bloom  

period. Follow ing the bloom  period, a  subsequent decline 

in their abundance reaching to zero w as noticed during 

M arch 2016 and hence w as categorised as the post-bloom

phase. There was no conspicuous discolouration o f  the 

surface w aters during the sam pling periods, even during 

the bloom, though Subrahm ayan (1958) had mentioned 

about the discolouration o f  w aters associated w ith  high 

densities o f  this species. Sighting o f  m arine birds such 

as seagulls and terns during the bloom  period indicated 

evidence o ffish  availability in the region.

W ater q u a lity  a n d  p lty sico -ch em ica l ch a ra c teristics  

d u rin g  th e  b loom

The physico-chem ical characteristics differed 

during the three distinct phases o f  the bloom  (Fig. 3). 

The bloom  period w as notable for significantly higher 

salinity (35.2±0.91 PSU) (p<0.05) and oxygenated waters 

(p<0.05) w ith  dissolved oxygen concentration o f  

7.414±0.S23 m g i‘‘, h igher than the pre-bioom  and 

post-bloom  phases. The SST during the bloom  ranged 

from 30 to  30.5°C and w as relatively higher than the 

pre-bloom  and low er than the post-bloom  phase. The 

average chlorophyll a  concentration w as observed to be 

3.382±0.53 m gm '^rangm g between 2.72 to 3.8±0.53 mgm'^ 

w ith  lowest observed during the pre-bloom  phase. 

Inorganic phosphate was in the range 0.03-0.04±0.01 m g i ‘. 

w hile nitrate (0.003±0.01 m g  1‘) and nitrite (0.005±0.01 

m g 1 ‘) concentrations w ere observed to be low  during 

the bloom  revealing that the waters w ere N ,- limited, 

indicating the beginning o f  an oligotrophic condition. 

Tarangkoon e t al. (2010) recorded occurrence o f  

sym biont-bearing dinofiageliates in  oligotrophic water 

m assesw ithiow nutrient(N -lim ited)andchlaconcentration. 

The average am m onia concentration w as observed to be 

0.065±0.045 m g 1 ‘, w hile the am m onia concentration 

showed a  sharp decline from  the pre-bloom  phase to 

almost nil during the post-bloom  phase. The m axim um  

ammonia concentration (0.11±0.045 m g H) observed 

during the pre-bloom  phase w as not above the perm issible

50 nm

Fig. 2. O. magniflciis collected during the bloom obser\'ed on 
11.02.2016 in  the nearshore waters o f  Dakshina Kannada
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Fig. 3. Physico-chemical parameters during the diffierent phases ofthe bloom o f  off DakshinaKannada. (a) A ir temperature (AT),
(b) Seasurface temperature (SST) and (c) Salinity (PSU)

lim it for coastal w aters, hence fish m ortality w as also not 

observed. This also indicates that other phytoplankton 

species w hich could not survive or tolerate lower nutrient 

levels or an oligotrophic condition in the am bient waters 

started degrading. There w as a  m arked decrease in the 

diatom  abundance during the post-bloom  phase. The w ater 

quality index as per USEPA (2021) rating was fair during 

the bloom. The variation in  physico-chem ical param eters 

w as also studied for the years from  2014 to 2016 during 

the m onths fiom  January to  M arch (Fig. 4).

Phy toplankton cotm m m ify structure

O. niagtiificiis dom inated w ith  a contribution o f  

54-99%  o f  the total phytopiankton population at all 

stations, during the pre-bloom  and bloom  phases and 

declined gradually to a com plete absence during the 

post-bioom . The abundance o f  O. niagtiificus during the 

pre-bloom , bloom  and post-bloom  phases is represented 

in Fig. 5.

Analysis o f  phytopiankton sam ples revealed the 

presence o f  53 species, m ajority  o f  them  being diatoms 

(32 species), followed by dinoflageliates (21 species) and 

blue-green algae (1 species) (Fig. 6). A  sim ilar trend o f  

species richness (S) w as observed during the pre-bloom  

as w ell as peak  bloom  period. O f  the 32 diatom  species 

identified. 11 species w ere recorded during the pre-bloom .

9 species during the bloom  phases, w hile 5 species were 

recorded during the post-bloom  period. Similarly, o f  

the 21 dinofiagellates species recorded, 14 species were 

observed during the pre-bloom  and bloom  periods and 11 

species during the post-bloom  period. The Shatmon Weiner 

diversity index (H ')  w as lowest during the bloom  phase 

[H '(log2) =  3.37], w hile the pre-bioom  phase recorded 

highest value [H’(log 2) =  2.55]. D uring the pre-bioom  

phase, O. m agnifia is  rapidly started proliferating and 

reached peak  abundance leading to the bloom  and almost 

displaced the diatom  population as this dinofiagellates 

are adapted to survive and thrive w eii in  low  nutrient 

conditions. This w as followed by a  sudden decline in the 

abundance o f  O. rnagnificus (post-bloom  phase) due to  the 

sudden drop in  salinity from  35 to  32 PSU  respectively as 

a result o f  the unexpected rainfall (7.53 mm).

D uring the pre-bloom  and bloom  periods. 

C oscinodiscus spp. dominated am ong diatom s, followed 

by  H etiiiaulus hauckii, Surirella  spp., Biddulphia  

m obilietisis and Nm -icula  spp. A m ong the dinofiageilate 

com munity, O m ithocercus rnagnificus w as dominant 

followed by D inophysis m iles, Protoperidinium  spp., 

Ceratium  fiirca, Ceratium  tripos, D inophysis caudata  and 

Pyrophacus spp. The post-bloom  phase w as notable for 

the presence o f  Trichodesm ium  spp. indicating a  state o f  

extended stratified condition.
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Fig. 4. '\^riations in the physio-clieinical parameters o f  the nearshore waters off Dakshina Kannada during Jarmary-March o f  2014-2016. 
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E ctosym biont bearing O. rnagtiificus

M icroscopic exam ination (40x) o f  the preserved 

individuals o f  O. m agnifia is  (Fig. 7a,b) revealed the 

presence o f  ectosym bionts, possibly cyanobacteria in 

the cingulum  as phaesosom es o f  som e ceils (3% ) along 

w ith  som e rem nants that resem bled the ectosym biont, in 

their food vacuoles. Similar observation o f  ectosym bionts 

w as reported by Jyothibabu e t al. (2006); Fam elid e t a l  

(2010) and Tarangkoon e ta !. (2010)„ in  live specim ens o f  

O. magnificus. (Fig. 7a,b). Further detailed examination 

by transm ission electron m icroscopy (TEM ) as done by

Lucas (1991): Fam elid e t al. (2010) and Tarangkoon 

e t al. (2010) could not be carried out during the present 

investigation.

Heterotrophic dinoflagellates like O. m agnificus 

that lack photosynthetic pigm ents, are know n to 

exclusively feed through osm otrophy (Droop. 1974). 

However, they have been observed to provide favourable 

m icroenvironm ents for free floating cyanobacteria, for 

efBcient nitrogen fixation w hen the upper euphotic 

w aters are stratified and the w ater m asses become 

nitrogen limited (Gordon e t al., 1994; Jyothibabu e t al.,

•H  Oogj), ■ O. magnificus

Fig. 5. O. magnificus abundance along the nearshore waters off 
Dakshina Kannada during the bloom
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Fig. 6. Phytoplankton composition during the three phases o f  the 
bloom along the nearshore waters off Dakhsina Kannada
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Fig. 7. Light microscopy o f  preser\'ed cells o f  O. magniflcus 
showing (a) Ectosymbionts in the cingulum (arrow 
head) and (b) Enlarged view showing the presence o f  
ectosymbionts in the food vacuoles (arrow's)

2006; Farnelid e t a l ,  2010 and Tarangkoon e t ah, 2010). 

A lthough Trichodesmium  sp. plays a  m ajor role in  the 

nitrogen cycling o f  the A rabian Sea. their abundance got 

h igher only during the extended stratified conditions in 

post-bioom  phase. During the initial stages o f  therm al 

stratification, the prim ary productivity is contributed by 

the firee floating m inute cyanobacteria (Li e t al., 1995; 

M aranon e t al., 2003; Jyothibabu e t a!., 2006). The stable 

chlorophyll a and dissolved oxygen concentrations 

(r =  0.985, p<0.001) observed could be attributed to the 

presence o f  the ectosym bionts, resem bling cyanobacteria 

enabling the host dinoflagellate to survive in oligotrophic 

w aters through mixotrophy. The phaesosom es also have 

an advantage harbouring these dinoflagellates as they get 

protected from high oxygenated w aters that can inactivate 

their N 2 fixing nitrogenase enzyme activity (Paerl e t a!., 

1987; Jyothibabu e t al., 2006).

O. magnificm  surface blooms and its possible link to high SST

Phytoplankton are ideal indicators o f  any sudden 

environm ental perturbations as they have a high turnover 

rate and im mediate biological response (Racault e t al.,

2017). The SST along the w est coast o f  India, normally 

shows a double oscillation. The first m axim um  is during 

the pre-m onsoon m onths (April-M ay) and the second 

m axim um  during the begitming o f  post-m onsoon season 

(Subrahmanyan. 1959). S im ilar trend w as also observed 

in the salinity distributions along this coast. U nder normal 

conditions, by the end o f  the pre-m onsoon season, the 

dry w inds push  the warm er surface w aters fi’om  the coast 

and bring in  the deeper, cold nutrient rich w aters upward, 

leading to  coastal upwelling. But during strong E l N ino 

events, these strong w inds w eakens and fails to  displace 

the existing w arm  waters w hich gets transported as Kelvin 

w aves leading to  a delay in the coastal upwelling. resulting 

in therm al stratification and oligotrophic conditions (John 

e ta l., 2018)

The present report on  the bloom  o f  O. m agnificus that 

occurred during E i N ino years is sim ilar to  earlier reports

on  its incidence along the SEAS. Im pacts o f  El Nino, 

especially on prim ary productivity and phytoplankton 

populations have been found to  be greatest in  the tropical 

and subtropical regions o f  the world. Furtherm ore, the 

2015/2016 E l N ino as in the case o f  the present bloom 

incidence, happened to be one o f  the strongest and super 

E l N m o event (Weare 1979; Saji e t al., 1999; Bo Lu e t al.,

2018) in the 20“" century breaking the w arm ing record in 

the central Pacific, reaching its peak  o f  3°C in Novem ber 

2015, represented by the N IN 0 3 .4  and N IN 0 4  indices, 

after the 1982/83 and 1997/98 events. A ccording to Saji 

e t al. (1999) and Bo e t al. (2017). the Indian Ocean SST 

during pre-m onsoon m onths o f  2016, w as passively 

m odulated by this 2015/2016 super E l N ino leading to 

excess w arm ing up o f  the Indian Ocean. This m odulation 

led to positive SST anom alies in both w estern and eastern 

lO D  (Indian O cean D ipole) during January to April 2016 

(Fig. 8 ).K ripaefo /. (2018), also have reportedanoticeab le 

1.1°C increase in  the average SST from  28.6°C, in the 

sardine habitats off K ochi waters during 2015/2016 El 

N ino event. The tropical Indian O cean also w as dominated 

by  positive SST anom alies exceeding 0.6°C during this 

period. The ONI index w as also highest during pre-bloom  

and bloom  periods (2.1). In  the present study, the SST o f  

pre-m onsoon season o f  2015 and 2016 w as also observed 

to be h igher as com pared to 2014 (Fig. 4).

W arm w aters w ith  higher salinity are reported to 

be conducive for the growth o f  dinoflagellates (David 

e t a l., 1960; Dae e t a l., 2004). In  the present study. 

O. m agnificus abundance showed highly significant 

positive correlation w ith  ONI index (r =  0.790, p<0.001). 

significant correlation with salinity (r  =  0.689, p<0.05) 

and dissolved oxygen values (r =  0.713, p<0.05) while 

it w as negatively correlated w ith nitrate concentration 

(r =  -0.646. p<0.05) (Table 1). ONI index was also found 

to be negatively correlated w ith chlorophyll a  ( r =  -0.688. 

p<0.05). Though O. m agnificus abundance did not show 

any direct correlation w ith  SST. its significant correlation 

w ith  ONI index attributes its tolerance to increasing SST. 

Ectosym biont bearing O. m agnificus w as found to be 

abundant at tem perature range o f  1 6 .5 -3 0 .rc  in the upper 

100 m  w ater colum n o f  the Indian Ocean (Tamagkoon 

e t al., 2010). The SST (3 0 ± 1 .3 rC ) during the bloom 

period w as higher than the range reported earlier. Syed 

e t al. (2008) had observed m axim um  (16.47% ) frequency 

o f  O. m agnificus along the N orth  A rabian Sea w hen the 

w ater tem perature ranged between 23.04 and 28.2°C. 

Surface salinity (35.0±0.9 1 PSU) w as com paratively lower 

than that reported by Syed e t al. (2008). The salinity during 

the pre-m onsoon season ranged from 36.3 to  36.5 PSU. 

Such environm ental conditions helped the ectosym biont 

bearing dinoflagellates to exhibit m ixotrophy w hich can 

be defined as the com bined use  o f  photosynthetic and
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Fig. 8. SST anomalies in  the Indian Ocean over the period from 1989-2021 (http:,'/w'ww'.cpc.ncep.noaa.gov,'products ,'GODAS,')

Table 1. Correlation matrix for the physico chemical parameters influencing the bloom o f  O. magnificus offDakhina Kannada

Air SST pH Salinity Silicate Phosphale Nitrate Ammonia Dissohed Chla ONI O. magn0cus
Ten^ Oxygen Index

Air Temp Correlatioii Coefficient 1.000 .692" -087 .439 .549 -.102 -.075 -.370 -.146 .307 .150 .222
Sig. (2-tailed) 0.27 .812 .204 .100 .778 .836 .293 .687 .387 .679 .537
N 10 10 10 10 10 10 10 10 10 10 10 10

SST Correlation Coefficient .692' 1.000 .242 -.013 .383 -.028 -.229 -.385 -.034 .494 -.252 .080
Sig. (2-tailed) .0.27 .501 .973 .275 .939 .525 .272 .925 .147 .482 .826
N 10 10 10 10 10 10 10 10 10 10 10 10

pH Correlation Coefficient -.087 .242 1.00 -.790" -.243 -.813" .139 -.072 -.241 .379 -.7U" -.559
Sig. (2-tailed) .812 .501 .007 .498 .004 .702 .960 .485 .280 .021 .093
N 10 10 10 10 10 10 10 10 10 10 10 10

Salinity Correlation Coefficient .439 -.013 -.790" 1.000 .431 .471 -.184 .204 .272 -.229 .803" .689'
Sig. (2-tailed) .204 .973 .007 .214 .170 .610 .571 .446 .524 .005 0.27
N 10 10 10 10 10 10 10 10 10 10 10 10

Phosphate Correlation Coefficient -.102 -.028 -.813" .471 .183 1.000 -.096 .006 .227 -.264 .404 .360
Sig. (2-tailed) .778 .939 .004 .170 .613 .792 .987 .528 .461 .247 .307

•e N 10 10 10 10 10 10 10 10 10 10 10 10
“ Nitrate Correlation Coefficient -.275 -.229 .139 -.184 -.080 -.096 1.000 -.152 -.889" .505 -.561 -.646

Sig. (2-tailed) .836 .525 .702 .610 .826 .792 .676 .001 .137 .092 0.44
N 10 10 10 10 10 10 10 10 10 10 10 10

m" Ammoma Correlation Coefficient -.370 -.385 -.018 .204 .293 .006 -.152 1.000 .368 -.405 .328 .104
Sig. (2-tailed) .293 .272 .960 .571 .412 .987 .676 .295 .246 .355 .776
N 10 10 10 10 10 10 10 10 10 10 10 10

Dissoh’ed Correlation Coefficient -.146 -.034 -.251 .272 -.098 .227 -.889" .368 1.000 -.681 .694' .713'
O^gen Sig. (2-tailed) .687 .925 .485 .446 .789 .528 .001 .295 .0.30 0.28 0.21

N 10 10 10 10 10 10 10 10 10 10 10 10
Chla Correlation Coefficient .307 .494 .379 -.229 .024 -.264 .505 -.405 -.681' 1.000 -.688' -.250

Sig. (2-tailed) .387 .147 .280 .524 .947 .461 .137 .246 .030 0.28 .486
N 10 10 10 10 10 10 10 10 10 10 10 10

ONI Index Correlation Coefficient .150 -.252 -.711' .803" .169 .404 -.561 .328 .694' -.668' 1.000 .790“
Sig. (2-tailed) .679 .482 .021 .005 .640 .247 .092 .355 .026 .028 .006
N 10 10 10 10 10 10 10 10 10 10 10 10

O. Correlation Coefficient .222 .080 -.559 .689' -.018 .360 -.646' .104 .713' -.250 .790" 1.000
magnificus Sig. (2-tailed) .537 .826 .093 .027 .960 .307 .044 .776 .021 .486 .006

N 10 10 10 10 10 10 10 10 10 10 10 10
'  Correlation is sigmficanl at the 0.05 level (2-tailed) 
■■ Correlation is significant at the 0.01 level (2-tailed)
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heterotrophic nutrition w ith in  a single organism  (Kofoid 

and Skogsberg. 1928; Lucas, 1991; Gordon e t ah, 1994, 

Jyo th ibabuero /.. 2006). This mode o f  nutrition helps these 

dinoflagellates to thrive in the oligotrophic conditions 

and to dom inate over other phytoplankton communities. 

H igh surface salinity caused due to evaporation during the 

pre-m onsoon phase coupled w ith w arm  oligotrophic 

waters, w ith the help o f  the ectosym bionts could have 

favoured the form ation o f  O. tm gnificus  bloom.

Significance o f  O m ithocercus sp. bloom  in fisheries

K agw ade (1964), reported that am ong the 6 

dinoflagellate species found in the gut o f  oiisardine, the 

m onthly frequency o f  occurrence o f  O m ithocercus sp. 

ranged between. 6.6 and 28.5%  during pre-m onsoon 

months and post-m onsoon m onths w hen SST and salinity 

in the A rabian Sea was m aximum . O ilsardines are surface 

feeders and are usually exploited by purse-seines, cast 

net, boat-seines and surface gillnets operating at depths 

ranging from  1 to  5 m  and by drift gillnets and pelagic 

trawinets operating nearshore between 10-20 m  depths. 

However. D ulkhed (1972) observed diff'erence in  the 

food com position o f  oiisardine caught by gillnets and 

traw l nets operating along Dakshina K annada during the 

pre-m onsoon season. O iisardine from  the surface waters 

showed poor feeding and the diet m ainly consisted o f  

Coscinodisciis spp. w hile, sardines caught from  the 

bottom  waters had gorged stom achs and the diet mainly 

(97% ) com prised o f  bottom  dw elling O m ithocercus  sp. 

Coincidently, th is report based on  the study m ade during 

1963-64 also happened to be an E l N ino year. Tasaduq 

e t al. (2019) also observed the presence o f  O m ithocercus  

sp. as one o f  the m ain food o f  oiisardine caught using 

trawinets during the pre-m onsoon season during 2010-12 

along the Ratnagiri coast, o ff  M aharashtra. These reports 

clearly indicated that the Indian oiisardine occasionally 

foraged heavily on O m ithocercus sp.. by m oving to the 

bottom  w aters during the pre-m onsoon seasons. W hen 

Kelvin waves low er the therm ocline and brings a situation 

w here the bottom  waters becom es w arm , a  favourable 

environm ent is created for the tem perature tolerant 

species like O m ithocercus  sp. w hich proliferate w ith  the

help o f  its ectosym bionts and finally outnum ber other 

phytoplankton species. The visualisation o f  depth-w ise 

tem perature anom alies o f  2015-2016 E i N ino event from 

January 2015 to  D ecem ber 2016. published by N ASA  

(National Aeronautics and Space Administration) clearly 

depicts the tem perature anom alies during the bloom  period 

(Fig. 9). This visualisation also confirmed the w arm ing 

o f  the bottom  waters during the beginning o f  the bloom 

event. These events in  turn im pacted the feeding habits o f  

oiisardine w hich usually m igrate to the bottom  w aters for 

feeding during th is season.

A  decline in oiisardine catch during E l N ino events 

has been reported by Rohit e t al. (2018) and Shetye 

e t al. (2019). They observed a collapse in  oiisardine 

fishery from 1.55 lakh t  in 2014 to 0.46 lakh t during the 

strong 2015-16 E i N ino event along the K erala coast. The 

catch recovered (1.27 lakh t) in the follow ing year (2017). 

w hich w as a norm al ENSO (El N ino-Southem  Oscillation) 

year. The 2015-16 E l N ino event had a  negative im pact 

on  the oiisardine fishery, w hich in turn resulted in high 

SST and reduced upw eiling velocity, leading to m inim um  

cooling o f  the surface waters and thereby favouring the 

dom inance o f  nano and pico phytoplankton. A  similar 

situation w as observed along the coast o f  Karnataka, 

where the oiisardine fishery dropped dow n from  1.43 lakh t 

(2014) to 0.29 lakh t in  2015 and 0.27 lakh t in 2016 

(Fig. 10.) In  addition to the decline in catch Rohit e t al. 

(2018) also reported on several changes in biological 

(growth and reproductive behaviour) and distribution 

patterns o f  oilsardines along the SEAS during the period.

The present study depicts the bloom  dynam ics o f  

O. magnificHS  in  relation to w ater quality, phytoplankton 

ecology and fishery (especially oiisardine fishery) o f  

nearshore w aters off Dakshina Kannada. The unusual 

increase in the dinoflagellate population density was 

in response to  the E l N ino induced high-tem perature 

and high-saline and nutrient deficient (Nitrogen 

limited) conditions w hich w ere favourable for the 

grow th o f  m ixotrpohic O m ithocercus sp. Changes in 

the dinoflagellate com position w ith  the dom inance o f  

O m ithocercus sp. at high densities and its relation to

Temperature Anomaly (“C) 2016
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Fig. 9. Temperature anomalies in the ocean depths during the pre-bloom, bloom and post-bloom periods (by Joshua Stevens, using data 
&om the Global Data and Assimilation OfBce (https:/.’earthobser\'atory.nasa.gov/features’ElNino)
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Fig. 10. Monthly and annual catch (t) o f  oilsardine for Karnataka during 2014-2016 (Source: NMFDC, ICAR-CMFRI, Kochi)

increasing SST have been reported along the coastal 

w aters off K orean Peninsula (K im  e t al., 2008; K im  

e t al., 2013) and from  off K ochi coastal w aters (Lavanya 

e t a l ,  2020). The present bloom  lasted for a m onth (peak 

abundance observed 17 days from  pre-bloom  phase) 

and caused notable changes in  the w ater quality and 

phytoplankton com position. A lthough there was no fish 

m ortality corresponding to the bloom  event, such frequent 

occurrence o f  a rarely bloom ing species in  the surface 

w aters and its link to the El N ino and w arm er waters 

indicates visible changes in the m arine ecosystem. Hence, 

w arm  and high saline w aters induced by strong E i N ino, 

creates oligotrophic conditions and delayed upweiling 

along the SEAS, thereby favouring the dominance 

o f  dinoflageliates like O. m agnificus in  association 

w ith  ectosym bionts over o ther phytoplankton species. 

A s surface feeders like oilsardine depends on these 

dinoflageliates for food during the w arm  seasons, surface 

bloom s o f  this species need to be m onitored and reported.
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