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Abstract

The cell velumes of four diatom species in the Iskenderun Bay were calculated and
results hence evaluated on seasonal basis. The sclected species were Thalassiothrix
Sraunfeldii, Hemiaulus hauckii, Guinardia flaccida and Psewdosolenia calcar-avis
which commonly occur in the area. The statistical analyses showed that, cell
volumes of all species were different among the seasons {p<0.01)(p<0.05).
Moreover, cell volumes of three species (T frawnfeldii. P. calcar-avis and G
Maccida) were found different among locations, There were correlations of less
importance between cells volumes and seawater temperature. The results of the
study showed that, complex biological and environmental factors and their
interactions affect the phytoplankton cell volumes.

' Key words: Phytoplankton, diatom, cell volume, cell size, north-eastern
Mediterranean.
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Introduction

Determination of microbial biomass is quite important for estimation of
energy flux and tropic situation in an aquatic ecosystem. The increase in
biomass of primary producers affects the nutritional level of higher
producers, Since, the increase of algae biomass affects the conversion of
inorganic substances to organic matter. Thus, an effective and reliable
estimation of algae biomass is very important to evaluate the situation of the
ecosystem. For the determination of algae hiomass, many methods including
very classical-ordinary ones and sophisticated equipments are developed and
still used in present time. The most frequently meﬁsumd biochemical
parameter in oceanography is chlorophyll in determination of plant biomass
and productivity (Jeffrey et af, 1997), But, chlorophvll concentration can be
affected by environmental conditions and doesn't give any 1nformatit;.rn omn
species composition. One of the oldest but still useful and reliable methads is
the determination of phytoplankion abundance by counting cells of each
species under microscope. However, using only the cell counts is not
sufficient in biomass estimation (Smayda, 1978). For a mixed sample, high
numbers uf small-sized species may contribute only a mineor fraction of the
overall biomass, whereas other larger-sized species which are much less
abundant in numbers may dominate the overall biomass (Hillebrandt er al.,
1999). Thus, in aguatic environment, cell volume should be calculated for
each species. Phytoplankton cell volume can be calculated by using some
volume equations developed according to the geometric shape of cell (Edler,
1979; Hillebrandt ef al., 1999; Sun and Liu, 2003). Then, the cell volume
values can be converted to total biomass by multiplying the cell volume of

each species with its cell abundance,

94



Diatoms, one of the major groups of phytoplankton, dominate in nutrient
rich coastal water (Miller, 2004). They need high nutrient concentrations
for rapid growth, They have great ecological importance and may

contribute 20 to 25% of the world net primary production (Wemer, 1977).

However, diatoms are known to respond to changes in environmental

variables, primarily temperature (Miranda et al., 20035).

Iskenderun Bay is located on the north-eastern corner of the Eastern
Mediterranean Sea. It covers one of the largest continental shelf areas in the
Eastern Mediterranean. The primary production in the bay is 2-4 times
higher compared to' open sea waters (Yimaz ef al,01992). The
microphytoplankton of the bay generally dominant by diatoms in terms of

abundance {Folat ef 4., 2000) as observed in other coastal areas.

The aim of this study is to analyse and compare seasonal changes in cell
volumes of some diatom species in Iskenderun Baw, North-gastern
Mediterranean. In this respect, four diatom species which are common in the
region were selected and their cell volume changes were investigated on

seasonal basis at three sampling sites.

Material and Methods

Plankton samples were collecied from three sites sitvated in the Iskenderun
Bay, North-eastern Mediterranean Sea (lat. 36° 405N - 36° 46' W and long.
35%45'E - 35° 52' E). At ench site, samples wete taken along one transect,
The first sampling site was located near the coast (8m deep) while the

second site was located ~12-13 km offshore (50-60m deep). The third



sampling site was between locality | and locality 2 (25-30 m deep) (Figure
1). Samples were taken rﬁunth!y intervals at each location in years of 2000-
2001. Sea surface temperature and salinity were measured by YSI model

salinometer in each sampling period.

Surface plankton samples with 55 um mesh size net were collected from
each sampling sites. Samples were fixed with neutralized formaldehyde until
it reached a concentration of 2%. Microscopic investigations were carried
out .by phase-contrast microscope (Olympus BX-50). Four diatom species
which are commonly present in sampling sites and seasons were selected for

investigation in this research.

The selected species are Thalassiothrix fraunfeldii Grunow, Hemiaulus
hauckii Grunow in Van Heurck, Guinardia flaccida (Castracane)H.
Peragallo and Pseudosolenia (Rhizosolenia) calcar-avis Schulize from

diatoms (Bacillariophyceae).

The dimensions of about twenty cells for each species were measured using
ocular-micrometer under the microscope, Cell volumes were calculated for
e_ath species using the equ,alliuns for the geometric shape developed hy
Hillebrandt ef al.(1999). In this respect, the volume formulas of rectangular

box for Thalassiothrix fraunfeldii, elliptic prism for Hemiauwlus hauckii and
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cylinder for Guinardia flaccida and Pseudosolenia calcar-avis were used.

Cell volumes were calculated as ums.
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Figure 1. Location of sampling sites in the Iskenderun Bay.

The physico-chemical data and cell volume values belonging to samples
taken in monthly intervals were evaluated on seasonal basis. All results were
statistically analysed to find out the effect of seasons and sampling sites on
cell volume for cach species. Factorial experimental design analysis was
performed (Hinkelmann and Kempthorne, 1994) and mathematical model of

the study was as follows:
Yijk = ut o=, +0, +(x [}, +eijk

In this equation,

Yijk : Cell volume value belonging to i season, j™ site and k™ species,



p  : mean of population,

o : the effect of i*® season,
B : the effect of i site,

(ap); : interaction effect of season x site,
elik : error of the experimental design,

In this analysis, in addition to effects of seasons and locality on cell volume,
the interaction cffect of scasons and sites was also investigated. Then, the
factors affecting cell volume were analysed with the DUNCAN multiple
comparison test to find out differences. Furthermore, correlations between
phsico-chemical factors (temperature and salinity) and cell volume values
were computed. In these analyses however, 9.1 version of SPSS statistical
package program was used,

Results

The mean sea surface temperature was highest in summer as 29.£0.39°C and
lowest in winter as 17.620.32°C (Table 1). Salinity reached highest level in
autumn (38.3+0.179) and it was lowest i;_'i spring (36.9+0.18).

Table 1. The seasonal range (in parentheses) and mean values of temperature and

salinity.
Summer Autumn Winter Spring
Temperstwe  (28.1-30.1) (21.0-29.2) (16.6-18.5) {18.0-23.7}
290,39 25.02+].08 17.6+£0.32 20.9£0.79
Zalinity (17.6-39.9) {17.3-39.0) (37.3-38.0 {36.3-37.6)
3R 1017 38.3+0.17 37.540.11 36,940, 18

The minimum, maximum and mean cell volumes for each species in
different seasons are represented in Table 2. The lowest mean cell volume
values of T fraunfeldii and G. fluccida were recorded in spring, whereas the
lowest mean values for H. hauckii and P.calcar-avis were recorded in
autumn, The highest mean cell volume values of H hauckii were recorded in
winter whereas it was the highest in summer for P. calcar-avis and in
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awtumn for T. frounfeldii and G. flaccida (Table 2). The lowest cell volume
value for T, firaunfeldii (Table 2) was recorded at site 2 (the farthest site to
the coast) in the winter. In summer and autumn however, G. flaceida and H.
hauckii showed the lowest volume values at site 3. It was highest in summer
at site 1 for T fraumfeldii and site 2 for & flaccida. Furthermore, it was
highest at site 3 in spring for H. hauckii and P, calcar-avis.

Table 2. The seasonal range and mean cell volumes {(um’ x10%) of four diatom
species.

Summer Autumn Winter Spring
Species (range) meantSE
T jroumfeldi  (1.169-4.703) (1.500—4 631) (LOB7-3.895)  (1.574-2.753)
2493+ (158 2 852 +0.098 235001+ 0.084  2235+0.042
H. hanckii . {5.168-32.133) (B.033—44.10) (6452 — 48 303}
159711 0.794 19,6374 §.221] 19.292+ 1 208
Foalcar-avis  (316.61-1948.187 (204 76-1058.31) - (218 654-1850.967)
959 282457 819 3682742124 - Tod 474 £ 77012
7, flaceida (31415302097}  (70.685-345 550) ‘ (54.695-191 637
130151 £7.397 1504235 6.52] - 12089253915

The results of variance analyses of cell volume values for each species are
given in Table 3. The differences among seasons for all species were found
significant (p<0.01) {p<0.05). However, the effects of each locality on cell
volumes were analysed and the difference among sampling sites in term of
cell volumes were important for all species except H. hauckii. The
interaction effect of season and locality was found significant only for T
fraunfeldii (p<0.01) (Table 3). Interaction effects were not significant for
other species.

The results of the Duncan multiple comparison test were shown in Table 4.
T. fraunfeldii reached the highest mean ecll volume in autumn (Table 2} and
the cell volume of T. frawmfeldii in autumn was found statistically different
than those of other seasons (Table 4),

The mean cell volume of H hawckii in autumn was found statistically
different than those of spring and winter. The mean cell volume of R. calcar-
avis in autumn was statistically different from the spring and summer. G,
JSlaecida, reached its highest mean value in antumn, the mean cell volume
values in the spring and summer were statistically different from the autumn,
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Table 3. The variance analysis of cell volumes of four distom species.

Thalassiothrix fraunfeldii

CALE D.F. M.S. F
Season 3 4050176.7 10.62%#
Site 2 2323734 .4 6.09%*
Season ¥ Site 5 4208024 B.OTH*
Error 209 381313.7 _
Total 219

Hemiaulus hauckii

s.V. D.F. M.S. F
Season 2 220077137.2 3.45%
Site 2 1637934.3 0.026
Season x Site 3 18256464.8 0.28
Error 152 63635570.6 _
Total 159

Fseudosolenia calcar-avis

sV DF. M.S. F
Season Z STRIBTTRISETS.T 4].58%*
Site 2 6642742731946 4. TR
Season x Site 3 171229574270.1 1.23
Error 152 139038748744 .3 =
Total 159

Guimardia flaccida

S.V. D.F. M.S. F
Season 2 79704345733 366
Site 2 10740560857 493"
Season x Site 4 1298029260.7 0.59
Error 171 2174995877 _
Total 179

5.¥.: Source of Variation, D.F.; Degree of Freedom, M.5.:Mean Square, F: lest statistics

" p<0.05
"1 p<0.01
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The effects of locality on cell volumes were analysed and cell volumes of T
Jrawnfeldii at site | vwere found statistically different than in other sites.

Table 4. The results of Duncan multiple comparison tests

Species Seasons Sites

T fraunfeldii Springy, Summerny, winlefy, AulLmn, o I
H. havuckii autumng, spring,, winterg, )

P. calcar-avis gUtumny, SINgR SUMMEL 2o lw 3m
G. flaceida Spring,  SUMMEery, aubimmng, Jm Zm lm

Howaver, mean cell volume at site 3 was different than site | and site 2 for
G. flaccida. The effect of localities on cell volumes of H hauckii was not
significant (p>0.03). Moreover, cell volumes of four diatom species showed
no important correlations with lemperature and salinity (p=0.03).

Discussion

Phytoplankton cells have quite different shape and dimensions and these
properties are very important in the life cvele of these organisms. Cell shapes
and size are not constant and can make difference due to the effect of its
environment. Organisms are sensitive to a wide range of environmental
perturbations (Harris, 1986) and the variation of individual cell dimensions
are related to some environmental factors such as temperature and salinity
(Smayda, 1978). At the same time, nutrient concentrations and physical
processes can cause differences in cell dimensions. Of these, light is the
important factor affecting cell dimensions. Thompson er al. (1991) found
that cell volume decrease with decreasing light intensities, ranging from 23%
ta 72% for cell volume (n=9 species). In addition to environmental factors,
physiological situations of the celi also affect the dimensions of the cell. This
phenomenon is very clear in the vegetative reproduction stage of diatoms.
Within a diatom population, mean cell size usually decreases with each cell
division (Round et al., 1990). In such a condition, all axis of a cell changes
in different ratios and the outline of a cell can change from linear or linear
lanceolata to oval or nearly circular (Round ef al,1990), However, in
diatoms, the decrease of cell size during vegetative growth is restored by
sexual reproduction (Hasle and Syvertsen, 1997; Sze, 1998),

The wvariations in phmplankton cell dimensions are very important
specifications in idertifving the coinmunities. On the other hand, the
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variations in cell size can also cause differences in the estimation of
phytoplankton biomass.

In the present study, changes of cell volumes according to season and
locality were investigated for four diatom species which are common in
North-castern  Mediterranean. The distribution of these species was
cosmopolite and exists in almost all seasons as recorded in previous studies
in the Morth-eastern Mediterranean coast of Turkey (Polat ef.al., 2000; Eker
and Fadeys, 2000). Therefore, seasonal changes in cell volumes of these
species were feasible to study.

Statistical analyses showed that cell volumes of all related species had
differed among seasons (p=<0.01). Mean cell volume of . hauckii was high
in winter and spring. The adaptive properties of some species may explain
the high cell volumes in that period, Larger phytoplanktons use their
vacuoles to store nutrients and the vacuole increase in size as the cell volume
increases (Smayda, 1970). For this reason, large cells exhibit higher uptake
rates and storage capacities of nutrients in their vacuoles which are used as
reserves for unsuitable conditions (Malone, 1980; Harris, 1986). The high
cell volumes in winter and spring are probably related with the increase of
available nutrients in surface waters due to deep mixing. In winter, increased
water density due to low temperature make easy floating of phytoplanktonic
organisms and this situation may also favour cccurrence of large size
individuals. For example, Rhizosolenia hebeiata a dimorphic diatom
species, has a thicker cell wall in cold waters whereas the cell wall is thinner
in warm waters (Round e/ al, 1990). In contrast to the other snecies, the
highest mean cell volumes of Pseudosolenia (Rhizasolenia) calcar-avis and
. flaccida were found in summer and in autumn, respectively. The reason
of this can be due to delayed adaptation of these species to the changing
environmental conditions. On the other hand, recent studies have revealed
that large diatoms, such as members of the genus Ririzorolenia, are strongly
positively buoyant (Moore and Villareal, 1996). These large diatom species
can be decreasing their cell density to compensate cell size and weight of
heavy siticeous cell wall. Therefore, the increased cell volume in summer
may be related to positive buovant property of P. calcar-avis in this study.
Another possible reason is grazing pressure by zooplankton. In temperate
waters, spring outburst of phytoplankion grazed down by zooplankton in the
summer [Wimpenny, 1966). Moreover, it was suggesied that af least 75% of
the daily primary production is consumed by zooplankton (Steeman-Nielsen,
1972) and the size distribution of phytoplankton are associated with the
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effects of grazing (Grigorszky et al ,1998; Frost, 1980). The size selective
grazing of zooplankton suppresses small-sized phytoplankion whereas large
phytoplankton cells stay unaffected (Harris, 1986). Thus, the large size can
also be thought as adaptive mechanism and some phytoplan!:ton escape from
grazing by becoming too large to ingest (Guillard and Kilham, 1976). In a
similar way, in present study, the effects of grazing may be less on large
members of P. calcar-avis.

On the other hand, the mean cell volumes of T Sfraunfeldii and G. flaccida
were found lower in spring. This result can be attributed to decrease in cell
size due to the increase of cell division rates in this season.

There were significant differences in cell volumes of T. fraunfeldii, P.
calcar-avis and G. flaccida in regard to locality (p<0.01). Temperature and
salinity were not significantly different among sampling sites. Thus, the
differences in cell volumes in regard to locality can not be explained by only
these factors. The interaction effects betwesn seasons and locality on cell
volumes of T. fraunfeldii was also found to be important (p<0.01). The
highest cell volume of T, fraunfeldii was found at site | which is the closest
area to the coast and under the effect of land-based inputs. Probably, cell
volume of this species was affected by nutrient rich and turbulent waters in
this locality. On the other hand, cell valume of P.calcar-avis was the highest
at site 3 which is the farest site to the coast. It can be suggested that, cell
volume differences among localities might resulted from species specific
properties as well as complex effects of environmental factors.

The seasonal differences in cell volume values among all species in this
ptudy could be due to some mechanisms special for each species. In diatoms,
the size range seems to be species dependent and the specific variation may
be as large as 8 to 10 times the length of the apical axis or the diameter
{Hasle and Syvertsen, 1957).

According to these resulls, cell volumes of these species showed seasonal
differences. It is well known fact that the temperature has a great effect on
phytoplankton physiology. However, . this research showed that the
differences in cell volumes in different seasons can not be explained with
only temperature changes. In such situations, the effects of  other
environmental properties such as density, nutrient concentrations and
grazing should not be disregarded. However, an answer to the question
“which factors are more important™ is quite difficult to get, since a change in

103



one factor may effect others and such changes may have complex impacts on
cell physiology.

Finally, the calculation of cell volumes for each period and even each
sampling area are very important to prevent biased estimations of
phytoplankton biomass. Further investigations are necessary for other diatom
species living in different elimatological and environmental conditions to
obtain detailed information on size variation mechanism.

Ozet

Bu ¢alismada, [skenderun Kérfezi'nden 2000-2001 yillan arasinda alinan drneklerde
diirt diatom tiiriiniin hiicre hacimleri hesaplanmig ve hiicre hacimlerinin mevsimsel
degisimleri incelenmistir. Segilen tirler bilgede vavmn bulunan Thalassiothrix
Sraunfeldii, Hemiaulus hauwckii, Guinardia flaceida ve Pseudosolenia (Rhizosolenia)
calcar-aviy tirleridir. Istatistiksel analizler sonucunda tim tirlerin hilcre hacimleri
mevsimler arasinda onemli farkliliklar gostermigtir. Ug thriln hilcre hacimleri de (7.
Sfrounfeldii. P. calcar-avis ve G. flaccida) lokaliteler arasinda da farkhlik
géistermistir. Tiirlerin hilere hacimleri ile sicakhk arasinda 8nemli bir korelasyon
bulunmamugtir. Elde edilen sonuglardan hiiere hacmi degigimlerinin yalmzea
sicakhk degisimlerinden kaynaklanmadigi, kompleks biyolojik ve gevresel
faktirlerin ve bunlarm etkilesimlerinin hiicre hacimlerini etkiledigi stylenehilir.
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