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ABSTRACT
An experiment was performed taking into account $pecies each of Coscinodiscus Ehrenberg and
Chaetoceros Ehrenberg to delineate the potentiaygaring factors inducing auxospores.
Auxospores are sexual spores of diatoms and arenalty formed as response to adverge
environmental conditions to curtail the size redorctof diatoms. The parameters considered tojlbe
most important for this purpose are salinity, tuliby, pH and plant nutrients. Two experimental
ups were established, each of which contained aigra of all the parameters resulting out @f
simulated dilution of the stock media solution tonio possible conditions experienced by
subject species in nature. Unfiltered, turbid aitebfed, clear natural seawater were employed as
the basic culture media for the two groups of thes.sThe various experimental results as well
statistical data pointed towards salinity and tudity rather than the more widely accept
parameters such as nutrients and pH to serve asnpiat triggering factor. When only salinity w
considered, the auxospore induction appeared todreservative and 15-22 psu was the range |for
optimal generation. The range broadened when tuvbéder was used and the species developed
auxospores in 8-30 psu of salinity. The potentigbidity range was found to be 80 — 270 N
depending upon the presence of auxospores. Thésimgnt shed important lights in the generatign
of auxospores and in well mixed estuaries, it mighinduced among species near the confluen
drier periods and can extend to off shore as wetirdy monsoon based on the results obtained.
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INTRODUCTION
The environment in which phytoplanktons grow ishiygdynamic. This is more applicable to aquatic
diatoms of a well mixed tropical estuary where bi@geochemical cycles are intricately linked agispa
temporal changes in mixed layer deéptitoupled with tidal mixing and wind mixing cause periodic
fluctuations in stability and temperature of theeat surface, changing irradiance, nutrient avditgbi
(and thus maximum growth rate), on a wide varidtiroe scales.
Diatoms are one of the most significant marine prirproducers and play out the most importantirole
the oceanic carbon and silica cy@ed\lthough the intricate life histories of sevetihtoms have been
described® field observations of sexual stages in marinekitanic species are extremely scHrt 2>
though a few studies on the centric diatoms hawn loalt with using molecular techniques and those
still are not nearly enough
The auxospore is unique to the diatoms and in gétiee cell results from allogamous fusion. Theanaj
function of auxospores in the life of a diatomadgestore the size which progressively reduces eaith
generation due to the unique morphology of theodiatalves.
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The larger epitheca gives rise to cells of equainditer but the smaller hypotheca start to prodonzeier
cells and ultimately the cell line perishes dugh® size of the cell which is no longer viable egloto
perform any sort of physiological activities. “Tgplly the auxospore cell wall consists of two bioige
constituents: organic matter and siliceous ingrgdiealthough the two differ from those in vegefati
cells”, according tb.

The current study dealt with the delineation of ¢lgelogical factors that might serve to be the &ggnts

in the induction of the auxospores in the centiatains in a well mixed tropical estuary such as the
Hooghly in the north east coast of Bay of Bengdle Epecies selected as the subjects of the expgrime
were Coscinodiscusadiatus Ehrenberg,CoscinodiscusconcinnusWm. Smith, Coscinodiscudinetus
Ehrenberg,Coscinodiscuseccentricus(Ehrenberg) CleveChaetoceros danicu€leve Chaetoceros
lorenzianusGrunow, Chaetoceros curvisetuSleve and Chaetoceros coarctatlisiuuder since these are
the more ubiquitous species encountered alongttéieises of the Hooghly estuary and any observation
made out of them can be hoped to reflect in sinsiteacies around the well mixed estuaries of thadab
world.

The primary objective of the experiment was to oardown the most potential triggering factors behin
the induction of the auxospores in the dominantriediatoms in the well mixed waters of the Hogghl
estuary. Since auxosporulation is the size-redodtiotailing mechanism employed by the diatoms;
knowledge on the physicochemical parameters whiohei the process is of utmost importance.
Nutrient dynamics in open oceans, lakes or steatifestuaries follow a rather straightforward path
compared to the well mixed estuaries of the tropitéch are generally formed by the large rivers
emptying into the bay or the sea and because ldg sbok place in such a site, ecological impliaas of

the outcome gains even more weightage. This idfiteereport of any experiment on auxospores in
centric diatoms of Hooghly estuary and the factaken into considerations were salinity, pH, tuityid
and chief plant nutrients which are mostly congdeto be important behind the generation of any
propagules in phytoplanktons. The study and theltesventuating out of the experiments are of
immense ecological significance and the knowledgmurding auxospores always play the pivotal role in
our understandings of the centric diatoms.

MATERIAL AND METHODS
Study area
The primary samplings were performed at Kachub@1451'39"N 88°8'37"E), Chemaguri (21°40'43"N
88°7'28"E) and Gangasagar (21° 38' 0" N 88° 5' P'ldeéated in the Hooghly estuary (Fig. 1). The
selection of these locales were mainly based dnd¢hearly discernible salinity differences and rgesve
vegetation covers, ranging from region with higlverine influence (Kachuberia) as mangrove
impoverished zone, to brackish water regions andhgmeve vegetation (Chemaguri) and marine
dominated region (Gangasagar) with sparse mangmwer. The Hooghly estuary is primarily fed by the
river Ganges. The river Hooghly is the chief dimitary of the river Ganges and is transformed @mto
irregular coastal marshy habitat to form the largkedta in the world, with severe fluvial depositEhe
Hooghly estuary exchanges flow with the Bay of Bdngear the Sagar Island and its tidal domain for
nearly 250 Km. the mouth of the estuary has a fushape and the predominant tidal regime is
semidiurnal in nature. The vertical tide rangehatmouth varies from 5.2m during the spring tidé.&m
during the neap period. This is a well mixed estudwe to the intense tidal and wave actions with a
meso-macrotidal setting (2.5-7m amplitude). Mearrent velocities are between 108 and 117 ¢m s
during high and low tides respectively. The climafethis region is characterized by the southwester
monsoon (July-October), northeast monsoon or pastisoon (November-February) and premonsoon
(March-June); at least 70-80% of the rainfall oscduring the summer monsoon (SW monsoon),
resulting in the high river discharge (2952-1189%%) which gradually diminishes to 900-150Gsh
during non-monsoonal montHs®.
Sample collection and analyses
Water samples for the estimation purposes wereeatell using the Niskin water sampler. For the
estimation of phosphate, nitrate and silicate staadard methods were followed
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Salinity of the stock was estimated by followinge targentometric titration methddrhe pH was
measured using a Hach portable digital pH metébrediéd at pH 7 using buffer solutions from Merck.
The water turbidity was monitored using a Systrertigrbidity meter and recorded in nephelometric
turbidity units.
The phytoplankton (diatom) sampling was performsethg a handheld phytoplankton net (bolting silk
no. 30, mesh size 20 um) equipped with flow meatemfdifferent stations in the Hooghly estuary. The
mesh size was fixed for the microphytoplanktons motdthe nanoplanktons to maintain a certain degree
of separation during the study and also due tad¢hson that increased turbidity rendered the usége
smaller mesh size impossible due to large quastitfesilt clogging. The chief gear used in thisgmse
was country boats to ensure the least disturbahites prevalent population of phytoplanktons. Aftiee
collection, the phytoplankton concentrates weradferred into 25 ml TARSON polythene containers
and 4% formalin along with Lugol's iodine were usad preservatives depending on the need of
clarification and specific preferences. Formalimisery good agent for clearing cells off organabus
but it doesn't stain cells hence it is hard to dimthate between living, viable cells from dead,
resuspended ones. The samples were then analyzkt ympus light microscopes, bright field
microscopes and Magnus inverted microscope for dn@urate and proper identification, using proper
literaturé®®® All measurements were performed using standaidiaeular micrometer and stage
micrometer under high power objectives (x40).
Selection of species
Eight species were selected depending on the preseh auxospore during the study tenure viz.
Coscinodiscus radiatusEhrenberg Coscinodiscus concinnudV.Smith Coscinodiscus lineatus
Ehrenberg Coscinodiscus eccentricihrenberg Chaetoceros danicuSleve Chaetoceros lorenzianus
Grunow Chaetoceros curvisetu€leve Chaetoceros coarctatusauder comprising both groups of
dominant centric diatoms. The selection was pubelged on the abundance and dominance of these
species in the study sites as well as any othpicaibestuaries making them the perfect study stilajed
can be assumed that observation on them and icfesatrawn from them will be reflected in species in
other estuaries as well, under similar circumstance
Preparation of the experimental set ups
The aim of the experiment was to narrow down thiemtial physico-chemical parameters responsible for
the induction of auxospores in centric diatoms tbim a well mixed tropical estuary. The stock water
sample collected had mean salinity value of 30.8a, pH at 8.38, turbidity at 270 NTU, dissolved
nitrate-nitrogen at 22.14 uMi,. dissolved phosphate-phosphorus 3.05 {iMind 103.82 pML of
dissolved silicate-silica. From that a salinity djemt was prepared by diluting the stock with Ml
water so that it formed the gradient as mentionetthé table 1. For each salinity stage, ten rejgisats
were prepared. The salinity gradient automaticfaliyned gradients of all the other parameters satfiect
The basis of the preparation of the various saliniincentrations was to simulate the salinity zone
encountered at the study sites from near coasff¢bare. The salinity levels were checked by using
refractometer at every stage and other parametnes ehecked by following standard method mentioned
earlier.
Data compilation and statistical analyses
All data statistical calculations were performedngsthe MS-EXCEL software but for the statistical
analyses, the ‘add-in’ of EXCEL, the XLSTAT softwawras used and the principal component analysis
tool of the data analysis package of the XLSTATWE3 employed to deduce the Pearson correlation was
performed at the 5% significance level. All theufigs were converted to encapsulated postscrigt file
from MS Office artworks by using relevant softwarackages. The tables were produced using the table
function and not the spreadsheets.

RESULTS
An experiment was performed in laboratory cond#iamder controlled environment to monitor the
effect of varying concentrations of salinity (636 psu) on the induction of auxospores in eighthef
most dominant centric diatom species found in esteand coastal upwelling zones.
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The subject species for the experiment weescinodiscus radiatus, Coscinodiscus concinnus,
Coscinodiscus lineatus, Coscinodiscus eccentrictisaetoceros danicus, Chaetoceros lorenzianus,
Chaetoceros curvisetiend Chaetoceros quarctatughe reason behind the selection of the specias wa
due to their ubiquitous nature as flagship diatpecges throughout the worldwide well mixed tropioal
subtropical estuaries with similar nutrient budpgatterns. In other words, any observations mada fro
the experiment on them or inferences drawn shafldat analogous patterns in other parts of thei¢ed

to subtropical world as well.

The table 1 is indicative of the selected paramsetensidered to be paramount such as the chief plan
nutrient like nitrate-nitrogen, phosphate-phospkorand silicate-silica; as well as governing
physicochemical variables like pH and salinity. fartable 2 and Fig. 2 it is clearly visible that the
auxospore induction among the selected subjeciesptmok place most prominently between 15-22 psu
salinity range when clear filtered natural seawétan the same collection site as that the diatamse
used. This phenomenon broadened in spectrum coablgevhen the seawater was used as it is, in its
nature turbid condition, as evidenced from Fig.@ table 3.

This is clearly observed in table 4 where, the appece of auxospore has been depicted in the dight
increase in turbidity. The values considered heeelze integer mean values of each of the expetahen
set up created by dilution of the unfiltered natgeawater while attempting to prepare a saliniadgent.

By taking into account all the four tables and fignres mentioned above, it can be summarisedtiieat
phenomenon of the induction of auxospores in thectsd subject species of centric diatoms occuirred

a more conservative manner during the usage efrdilt seawater or indirectly saying when all other
background parameters were taken into account dixgjuurbidity. And when turbidity was considered,
the auxospore formation appeared to be more widsadmt even higher salinities.

Another study was performed to understand the effesalinity on the size of the auxospores induiced
the artificial laboratory condition where it wasselved that in all the species the higher the isalivas

the smaller was the size of the auxospore indudgdhahas a direct pertaining to the effect of $glion

the size of the cell itself. The observation frablé 5 shows that auxospores induced in filtera¢drabh
seawater expressed significantly high negativeetation values among all the selected diatom specie
(r-values ranging from -0.60 to -0.99) while thiaswnot the case when turbidity along with all thieeo
parameters came under consideration as unfilteradater was employed. The size-salinity relatignshi
changed prominently in this case and the r-valuesewnot statistically significant always. This
experiment could point towards the effect of safimind turbidity rather than all the other precived
parameters to be important for the induction oregation of auxospores in natural conditions as.well

DISCUSSION
The experiment was focused on the conditions undigch centric diatoms readily induce auxospores.
The environment in which phytoplankton (both aguatmd oceanic) grow is highly variable in time and
space. Diurnal and seasonal changes in mixed ldgptti®>, coupled with tidal mixinf and wind
mixing?®> cause periodic fluctuations in stability and terapere of the ocean surface, changing
irradiance, nutrient availability (and thus maximgnowth rate), on a wide variety of time scalesatbBin
cells are enclosed in two siliceous thecae andndumitotic division each daughter cell retains one
maternal theca and synthesizes a new one interafllows that the two daughter cells differggitly
in size, which causes a progressive reduction efatrerage cell size in a growing populatfdh This
continual size reduction can be countered by thergemce of the sexual cycle and the generatioheof t
auxospore. Within the auxospore, which is not sumded by rigid siliceous thecae, a large sizedhainit
cell is formed.
Origin of sex in phytoplanktons was postulated éoaresponse to adverse conditions when nutrient
availability or any other growth promoting and/apporting parameters were absent or not enough to
sustain asexual reproduction. Since auxosporegharsize rejuvenescent spores of the diatoms,nit ca
also be surmised that auxospores only form in pafisr responses to adverse conditions neither when
sustenance of the usual asexual reproduction bgittems no longer remains the viable nor the asi
option due to higher expenditure and investmemnesdurces.
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The experiment was primarily focused on the eftéatarying concentration of salinity, along withhet
chief variables, on the dominant diatoms of a weHded estuary such as the Hooghly estuary. Nas@al
water collected from the sites where the subjeetigis were collected was used as the primary eultur
media. The results shown in the table 1 are theegabf each of the parameters that were obtained by
diluting the original stock in order to get the fereed salinity while the other parameters changjedg
with and automatically developed a gradient. Anfiaial sequential modification (gradients at ebjua
interval) during the preparation of the gradientsvavoided strongly so that the results could b&so
applicable to natural conditions and furthermoeeehnditions created during the culture reflectedthy

the environments the species would normally expegén their natural habitats.

The limited range in appearance of auxosporesdanctils when filtered seawater was used within the
salinity range of 15-22 psu (Fig. 2 and table 2) #me same phenomenon being wide spectrum when
turbid seawater was employed (Fig. 3 and tablen@)dcpoint to a scenario where the former mightehav
indicated the preferred salinity range for the amaes to be induced in the selected centric digtom
since the subject species comprise both euryhalimemarine species, an increase in salinity froen th
most preferred level for the euryhaline speciegduction in salinity level for the marine specbesild
pose some osmotic adversity in the metabolism efdlspecies and can prompt them to resort to sexual
mode of reproduction instead. This range of saliisitreadily encountered by these species in ther@a
during the post and premonsoon periods of the iye#reir natural habitat at the site of the coileut
when the due to the excessive phytoplankton blosuges the dissolved nutrient concentrations in the
water ad also very little to no rain fall causedarge scale river runoff ensuring clearer watehimbasin
and further clear water off shore free from anypsusled colloid particle load.

The other set up that sparked the onset of sexmbduction among the subject species was more
analogous to environmental conditions encountergthg monsoon periods which are characterised by
highly turbid weathers with increased nutrient amtcations. A very surprising outcome of this
experiment was the presence of auxospores amorgp#tges along a wider range of salinity gradients,
and salt concentrations which were devoid of sexaptoduction now bore auxospores. The reason
behind this could be that although the salt confolvided osmotic shock, the suspended colloids
provided them with sources to obtain nutrients Wwhiit itself are contrary to the conditions thatyger
sexual reproduction.

Since the experimental set up was prepared in augay that the gradients be formed from the highest
concentration of all the parameters to the lowgddituting the stock water with double distilled IMQ
water, the higher the salinity, the higher wereth# others including the nutrient in the first st
without any turbidity and there auxospores appeari¢itin 15-22 psu range. In the second set up, that
was not the case and auxospores among the spemieddetected almost throughout the gradient (10-30
psu) and the only parameter that was changedsrs#tiwas the turbidity as unfiltered seawater wgasl.
The only possible inference that can be drawn fhene is that since the cultures were grown inieieif
optimal conditions and provided 20 Klux of lightezgy, the turbid condition greatly impeded the tigh
penetration and ultimately rendering photosynthésis or hindered greatly. This created a condition
where sexual reproduction could have been the peefehoice by the diatoms (each concentration had
ten set ups for the entire range and auxospores #@atected in the majority of the ten sets, fomgve
concentration of salinity in the second set up diesd in Fig. 3 and table 3).

From the correlation values shown in table 5,ah de clearly said that a very precise and
significant correlation exists between the auxospmizes and the salinity gradient (r = -0.60 t®9Y.
when the clear filtered seawater was used, whdateasame cannot be said for the auxospores sizes
recorded (r = -0.04 to -0.75) form the experimenttl up containing turbid seawater as the media. Th
auxospore initial cells mimic the size of the pamegll and indirectly point to the effect of satynbn the
size governance in diatom céflsAgain, the absence of any such pattern (Figf 8gth size or auxospore
size increase or decrease evidenced from the esalu the set ups containing turbid water pointed
towards the hindrance in the pattern due to theqgslyathetic malfunction imposed by the increased
scattering of incident light by the suspended paldite matters.
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Table 1: The table is highlighting the selected significgrerameters considered as influential in auxospore
induction. The analyses were made on both thetarddl and filtered seawaters used for the expetimed the
gradient preparation was focused mainly on theghivhile the other parameters automatically clethgs dilution
increased.

"Sal Turb Sal pH TNit-N D Nit-N T Phos- D Phos- TSil-Si D Sil-Si
(psu)  (NTU) (psu) (uML™) (MLt P P (UML) (ML ™)
fil unfilt (ML) (ML ™

30.21  270.40 30.32 8.38 177.12 22.14 8.54 3.05 373.75 103.82
+0.61 +12.47 +0.20 +0.13  +21.66 +1.73 +2.19 +0.23 +54.06 +27.39
26.07  248.37 26.24 8.27 173.28 21.66 8.00 2.86 350.42 97.34

+0.78 +4.78 +0.33 +0.05 +29.05 +1.57 +1.92 +0.82 +69.38  +15.63
2420 230.44 24.28 8.14 161.20 20.15 6.94 2.48 337.68 93.80
+0.33 1+9.55 +0.09 +0.19 +30.44 +2.65 +1.25 +1.05 +41.60 +21.28
22.04 185.94 22.12 8.03 154.80 19.35 6.30 2.25 325.58 90.44
+0.93 +5.69 +0.15 +0.12  +22.87 +1.37 +1.84 +0.93 +35.76 +8.47
20.11 152.8 20.20 7.90 152.96 19.12 5.88 2.10 306.00 85.00
+0.80 16.33 +0.36 +0.11  +14.70 +2.31 +1.43 +0.66 +54.29 +12.66
18.09 135.78 18.15 7.79 151.68 18.96 5.48 1.96 279.28 77.58
+0.73 +8.20 +0.59 +0.26  +5.65 +2.14 *+1.65 +0.73 +39.94  +15.36
15.18 110.65 15.26 7.52 135.84 16.98 4.87 1.74 256.39 71.22
+0.47 +5.28 +0.21 +0.29 +12.86 +2.66 +1.35 +0.84 +42.76 +9.24
12.23 89.72 12.53 7.36 130.24 16.28 4.28 153 236.52 65.70
+0.82 +2.44 +0.24 +0.19 +30.72 +2.84 +1.15 +0.22 +33.54  +14.52
10.05 80.25 10.09 7.13 118.88 14.86 3.41 1.22 213.62 59.34
+0.91 +3.05 +0.56 +0.06 +11.92 +3.03 +0.73 +0.51 +41.90 +12.08
8.10 70.55 8.16 6.97 100.00 12.50 2.88 1.03 189.18 52.55
+0.43 +1.86 +0.46 +0.17  +6.38 +2.10 +1.06 +0.39 +23.03  +13.52
6.03 50.77 6.10 6.82 97.20 11.15 2.38 0.85 146.95 40.82
+0.97 +2.94 +0.23 +0.31 +14.77 +1.68 +0.64 +0.26 +20.77 +9.45
~he valtes In he table are presented as meamdzstadeviation among ten experimental set Ups, filtered, Uniil = unfitered, T = Total, D

= Dissolved, Sal = Salinity, Turb = Turbidity, Ni{— Nitrate-Nitrogen, Phos-P = Phosphate-Phosph&ii+Si = Silicate-Silicate.

Table 2: The table is depicting the presence and absenite @uxospores in the experimental laboratory ¢
under varying salinity in eight of the most domihaantric diatom species belonging to two gen@oacinodiscus
andChaetocerosespectively.
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The source medium for the experiment used wasdidt@matural seawater of 30 psu. The salinity values
considered here are mean integer values only.

Table 3: The table is depicting the presence and absenite @uxospores in the experimental laboratory dmnrdi

under varying salinity in eight of the most domihaantric diatom species belonging to two gen@oacinodiscus
andChaetocerosespectively.
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Coscinodiscus radiatus
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The source medium for the experiment used wasterdd natural turbid coastal seawater of 30 pse. Th
salinity values considered here are mean intedaesanly.

Table 4: The following table is showing the appearance wfogpores in the diatom cells as increasing rarige o
turbidity under laboratory controlled environmeifihe turbidity was recorded as it is in the unfiégrnatural
seawater collected from the coast to offshore (feemy high to lower turbidity) ranging from 270 50 NTU. The
turbidity reading considered here are the meamértealues only.

Turbidity (NTU) Gradient — 50 70 80 90 110 135 152 185 230 248 270

\/

Coscinodiscus radiatus
Coscinodiscus concinnus
Coscinodiscus lineatus
Coscinodiscus eccentricus
Chaetoceros danicus
Chaetoceroslorenzianus
Chaetocer os curvisetus

X X X X X X X X
X X X X X X X X
X X X X =2 X X

2. 20X 2. 2. X X 2]
2222 2 2 2 2]
2222 2 2 2 2]
2222 2 2 2 2]
2 22 2 2 2 2 2]
2222 2 2 2 2]
2 22 2 2 2 2 2]
2 22 2 X 2. x 2]

Chaetocer os coar ctatus

Table 5: The table below is a comparative account of theyeaof correlation values determined between the
auxospore diameter recorded in both the filteretlarfiltered natural seawater of varying salinibgde by diluting
a stock of known salt concentration.

Specie$ r-value of auxospore diameter: r-value of auxospore diameter:
salinity of filtered natural salinity of unfiltered natural
seawater seawater

Coscinodiscus radiatus -0.8005 -0.2003

N : -0.5476
-0.6766

Cosqnodfscus (‘Toncmnus -0.0423

Coscinodiscus lineatus -0.8885 -0.0253

Coscinodiscus eccentricus -0.6798 -0.5846

. -0.7698

Chaetocer os danicus -0.9332 -0.3341

Chaetoceros lorenzianus -0.9998 -0.7503
Chaetoceros curvisetus -0.6023
Chaetoceros coar ctatus -0.9741
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Fig. 1 The above figure is depicting the map of theollection sites for the study. The black patchesre

pointing the locations of the stations
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Fig. 2 Size dependence of auxospores (expressetkims of diameter) in varying salinity of natural filtered

seawater under laboratory conditions showing a comsvative behaviour
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Fig. 3 Auxospore size not following a set patternlang with the variation in salinity of the unfilter ed natural
turbid seawater and not showing any reservation ta particular set of salinity range
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Fig. 4 The scatter plot diagram above is depictinthe “two period movement average” trend lines of tie
correlation values performed between the auxospordiameter and the salinity variation while in filtered and
unfiltered natural seawater respectively, at 95% ginificance level
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CONCLUSION
The experiment was of immense significance sinceeilt with the conditions that might trigger
auxospore formation in the dominant centric diat@ush asCoscinodiscugnd Chaetocerosvhich in
itself is very important since induction of sexwvaproduction in diatoms and ontogeny of auxospores
diatoms have yet to be clearly understood. Auxaspaid in the recycling of the nutrients at nutrien
poor environment during adverse situations anaesiiinking has also a very important role in the
induction of auxospores in diatoms.
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Any studies that reveal some insights regardingftimetioning of auxospores is rare and that in well
mixed estuaries are even rarer and can only helipasien our knowledge base regarding the physiolog
of diatoms. This study is the first of its kind flemed on diatoms collected from the Hooghly estuar
and requires further observations to increase ndetstanding of the sexual cycle of diatoms.
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