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PATTERNS OF SAND FRACTIONS INFLUENCE ON MICROALGAE OF THE MARINE
COAST

© A. Snigirova, B. Aleksandrov

To study effect of grain size on microalgae a new method is proposed: sand of different fractions is glued to the
surface of microscope slides. Microalgae abundance was higher on fine sand grains (<0,25 mm). To forecast
microalgae abundance the pattern is proposed depending on size of sand grains
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3 memoro uguerHs 6NAUBY NIWAHO20 TPYHMY HA MIKPOBOOOPOCI NPONOHYEMbCA HOBA MEMOOUKA . HA NOBEPXHIO
npeoMemHux CmeKo npuKielolomuvcs pisui gopaxyii nicky. Yucenvricmos Mikpogooopocmetl 8ipociono 30inbuly-
emvcs Ha Opionux niwunkax (<0,25 mm). Ilpononyemovcs mooenv 0 NPOSHO3YBAHHSL YUCETbHOCHI MIKPOBOOO-
pocmetil nCamomy 8 3anNeNCHOCHI 8i0 PO3MIPY NIUUHOK

Knrouosi croea: ghimoncamon, benmoc, Mikpo80OOpOCHi, YUCEeIbHICMb, SPAHYIOMEMPULHUL CKIAO NICKY

1. Introduction

One of the important factors characterizing the
sandy coast is the sand grain composition. In the north-
western part of the Black Sea there are beaches with
coarse, medium and fine sand. However, in lithology
four main fractions of sand are distinguished: rough
(2-1 mm), coarse (1-0,5 mm), medium (0,5-0,25 mm)
and fine sand (0,25-0,10 mm) [1]. Smaller fractions are
divided into silt (0,20-0,05 mm), dust (0,05-0,005 mm)
and clay (<0,005 mm).

The size of sand grains affects the size of the in-
terstitial space, self-purification processes in the coast,
the content of nutrients, dissolved organic matter, and as
a result, the abundance and biomass of hydrobionts of
sandy littoral [2, 3]. The study of the influence of particle
size distribution of sand on marine organisms is one of
the main aspects for understanding the functioning of
coastal ecosystems [4, 5].
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2. Literature review

A well-known approach to the study of soil mi-
croorganisms and algae with the help of fouling glasses
was proposed by N. Kholodny and modified by his fol-
lowers [6], who used clean cover glasses, placing them
directly in the soil.

This method in hydrobiology was applied by S.N.
Duplakov [7] almost simultaneously with the German re-
searcher E. Hentschel [8] who proposed the term "fouling”,
and was called the method of artificial substrates. The sili-
cate glass slides used were placed directly in water. A num-
ber of experimental works, related to the study of the phyto-
fouling processes on the substrate, were carried out using
plates made of various materials, but on a smooth surface.

3. Aim
The aim of the study is to research the effect of
the sand grain size distribution on the development of
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benthic microalgae, using glass plates with different frac-
tions of sand.

The objectives of the study are: to approve the
proposed methodology; to find out the pattern of micro-
algae distribution on sand of various size; to determine
whether this pattern will be different for separate groups
of algae.

4. Materials and research methods

4.1. Materials

In order to study the effect of sand grain size on
the development of benthic microalgae, we have devel

oped a “substrate for studying the effect of particles” size
distribution of sand on the development of aquatic organ-
isms” [9]. It lies in use of glass plates coated with differ-
ent factions of sand (Fig. 1).

The surface of the glass plates (10 cm? area) were
covered with a thin layer of silicon and then strewed by
sand of various fractions <0,25; 0,25-0,5; 0,5-1; 1-2;
2-3 mm. After solidification of the glue the extra sand
was removed. As a result weve got the transparent plates
with 2-3 mm layer of sand bonded with glue. Glass
plates coated with silicon but without sand and clean
glass plates were used as controls

Fig. 1. Experimental plates with different size of sand grains:
a—2-3mm,b-1-2 mm, ¢ - 0,5-1 mm, d — 0,25-0,5 mm, e — <0,25, f —silicon; g — glass

In total 75 plates with sand and 30 control plates
(15 with silicon and 15 glasses) were made. The cell with
the plates were filled with marine water and placed on
the north side of the laboratory under natural light. The
experiment was conducted in August, 2012. The plates
were analyzed on the 1st, 3rd, 9th, 15th and 30th days.
During the experiment, water temperature ranged from
20,4 to 25,8 °C, salinity — 16,23-22,34 %o, pH — 7,58—
8,42. The experiment was tree times replicated.

4. 2. Research methods

Algological analysis of the data. After the expiry
of each phase of the experiment the plate was gently re-
moved from the cell and examined under a microscope
for the presence of fouling. For species identification and
quantitative analysis of microalgae they were separated
from the substrate with rigid brush 3-5 times washing
with water and bringing to 15-30 ml volume. The sam-
ples were fixed with formaldehyde (4 %). Subsequently,
the sample was treated by the standard technique [10].
Nomenclature of diatoms is given in accordance with the
system F. Round R. Crawford and D. Mann [11].

For a quantitative study of the microphytobenthos
formation packing coefficient of physical surface (Sy/So)
was calculated for each plate [12, 13], showing how the
surface of the plates with the substrate (Ss) differs from
smooth surface (Sp) (Table 1):

82/80:6/3,

where a — sand grains™ size, mm (matched mesh size of
the sieve).

It should be noted that to prepare the plates we
previously used epoxy resin. This material was used to
produce permanent preparations in the study of meioben

thos and the soil in which it lived [14]. However, the
studies have shown toxic effects of epoxy on living mi-
croalgae [15], so it was replaced by neutral silicon glue,
which is widely used in the manufacture of aquariums.
Statistical analysis of the data. All received data
were digitized and put into spreadsheets (Microsoft
Excel v. 9.0.).
Table 1
Example of calculating of packing coefficient of
physical surface (Ss/S,) of the plates

Diameter of sand Average S./S 1
: . x/S0, MM
particles, mm diameter, mm
<0,25 (0,25-0,05) 0,15 40,00
0,25-0,5 0,25 16,00
0,5-1 0,75 8,00
or 1 102 1,35 4,44
or2m03 2,35 2,55
0 (silicon) 1,00 1,00
0 (glass) 1,00 1,00
5. Results

5.1. Results of the laboratory experiment

As a result of the study it was established that the
diatoms (Bacillariophyta) dominated on the plates within
species composition and abundance. There also devel-
oped green algae (Chlorophyta) to a lesser extent, Cy-
anoprokaryota and dinoflagellates (Dinophyta). At al-
most all plates, Navicula sp., Amphora arcus (Greg.), At-
theya decora T. West, Cylindroteca closterium (Ehrenb.)
Reimann et J.C. Lewin were represented.

At the initial stages of the experiment microalgae
developed rather evenly, reaching the abundance of
1,5-3,3-10% cellssem? (on the first day) and
2,8-7,5-10° cells/cm? (on the third day) (Table 2).
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Abundance of microalgae on the experimental plates

Table 2

Grains®

Average abundance of microalgae, 10” cells/cm®

size, mm $2/So 1 day

3 days

9 days

15 days

30 days

Average

0 (Silicon) 1 25,63

54,91

260,77

463,67

226,61

206,32

0 (Glass) 1 23,45

39,30

44,35

208,05

450,60

153,15

<0,25 40 17,31

37,75

443,60

458,87

886,56

368,82

0,25-0,5 24 32,78

47,41

183,84

376,27

423,85

212,83

0,5-1,0 12 25,40

100,40

228,40

427,81

507,70

257,94

1,0-2,0 6 24,91

61,59

229,73

371,42

383,28

214,19

2,0-3,0 3 28,41

67,69

175,20

469,12

393,16

226,72

It is known that the presence
of small particles on the substrate
helps to increase surface [13, 16],
thus 1 cm? of the plate with the
smallest size of sand grains
(<0,25 mm) 40 times exceeded the
area of the smooth glass.

On the 9th day there was al-
ready a significant difference from the
control (by 10 times), the largest num-
ber was observed on the plates with the
sand grain size of <0,25 mm and made
4436 10> cells/cm® At the same peri-
od there was an intensive development
of diatoms Navicula sp. and A. arcus
(Greg.), attached to the surface of the
grains, and they subsequently were the
most massive representatives.

At further stages of the study
the same trend was observed, the
number of microalgae gradually in-
creased with the highest abundance
on the plates with sand grain size
<0,25 mm and 0,5 to 1,0 mm. Ap-
parently, these sand fractions are
more favorable substrate for the ad-
herent (epipsammic) and movable
(epipelic) microalgae, respectively,
which is confirmed by literature data
[17]. For example, the already men-
tioned attached diatom A. arcus
mainly developed on the plates with
a smaller particle size, and the motile
alga Cylindrotheca closterium bent
for larger grains. For typical psam-
mophilous species Attheya decora
the increase in the abundance on
plates with larger sand grains (0,5-1
and 2-3 mm) was observed (Fig. 2).

In the last phases of experi-
ment (15, 30 days) a positive correla-
tion between microalgae abundance
and packing coefficient of physical
surface was observed (Fig. 3, Table
3) (p<0,04). This was also character-
istic for diatoms, dinoflagellates and
cyanobacteria (p<0,04). Analysis of
variance (Table 3) for green algae
did not give significant results
(p>0,04).
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Fig. 2. Distribution of some species of diatoms (abundance, N) during the
experiment: a — Navicula sp.; b — Amphora arcus; ¢ — Attheya decora;
d — Cylindroteca closterium; I, 111, IX; XV, XXX — days
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Fig. 3. Dependence of abundance of microalgae on the size of sand grains (Sy/Sg) on the base of experimental data
(1, 11, X, XV, XXX — days)

Table 3
Results of two ways analysis of variance (ANOVA)
Variable N Bac Din Chlor Cyan
P F P F P F P F P F
Ss/So 001x10"” | 250 | 0,04x10™ | 250 | 002 | 250 | 0,418 | 2,50 [ 0,03x10™° | 2,50
t, days 0,02x10° | 223 | 0,05x10° | 223 ] 008 | 223 | 042 | 223 0,02 2,23

Note: F — Fisher’s criterion, P — significant level (<0,04).

We shall note that by the end of the experiment
cyanobacteria prevailed over diatoms and green algae.
Therefore, we can assume that the succession took place
on the plates, which consisted of gradual change of dif-
ferent groups of algae. The succession of small species
(green algae) took about 30 days, whereas the big cells of
diatoms lead their maximum abundance up to the end of
the experiment.

5. 2. The patterns of sand grain composition in-
fluence on the microalgae abundance

To verify the results of laboratory experiment the
data from field studies were selected. In this set of data
33 samples of phytopsammon were collected on the coast
of the Gulf of Odessa in August-October 2006—2008.
The samples were collected under the same conditions in
the surf zone (0-1 m from the water's edge) by the de-
scribed methods [18]. Average temperature of the sea
water was 22,9 °C.

For each sample packing coefficient of physical
surface (Sy/Sg) was calculated on the base of average size
of the sand. To calculate the abundance of microalgae
formula from fig. 3 was corrected on the base of field da-
ta and obtained the following view: y=2,3-x+60,2, where
X — is Ss/Sp. On the basis of the average data the size of
microalgae living on the sand grains of a certain size ob-
tained a high correlation with the abundance of psammon
microalgae and Sy/S, (0,8, Table 4). Thus, on the base of
granulometric composition it is possible to forecast up to
80 % the quantitative characteristic of microalgae of the
coastal zone.

Different size of sandy fractions unequally affects
certain groups of microalgae. Our previous studies [18]
show that there were higher abundance of cryptophytae
and dinoflagellates on the finer sand. On the base of ex-
perimental and field data the patterns for separate phyla
of microalgae that are highly represented on the sandy
coast are proposed (Table 5). Thus, except the total num-
ber of microphytes, there is a certain degree of probabil-

ity to predict which groups of algae will predominate on
sand with known grain size.

Table 4
The results of forecast for abundance of microalgae
(N, 10% cells/cm?) depending on the sand grains®

size (Ss/Sy)
S):/ S0 N forecast N real
5 72 55
16 96 119
25 119 130
40 151 133
Table 5

Formulas for making the forecasts on the sandy coast
with known size of sand grains

Phyllum Model R
Bacillariophyta | y=0,0264-x"—0,9-x+20,2 | 0,98
Dinophyta y=0,2106-x-0,5281 0,95
Cryptophyta | y=—0,0243-x"—1,541-x6,5 | 0,96
Cya”"pt;o"aryo' y=0,25-x+3,35 0,82

Note: x — packing coefficient of physical surface, R* — approxi-
mation coefficient

6. Discussion of the results

The study of the influence of sand particle size
distribution on aquatic organisms causes a lot of contro-
versy, and there are still a lot of unanswered questions. A
number of studies failed to confirm the importance of
sand size fractions on the distribution of organisms [19].
It was demonstrated on the basis of many studies that
certain species prefer certain substrate [20, 21], whereas
others being cosmopolitan do not depend on it.

At the same time, a lot of evidence was found to
support the existence of certain adaptations of organisms
living in the sand [22], and preferences for certain types
of sand [23]. This is mainly due to the animal component
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of sandy coasts [24]. It has been suggested that such
sandy substrate parameters as the average grains size, po-
rosity and degree of sorting soil determine the distribu-
tion of organisms on the coast [16, 17]. For the commu-
nity of benthic diatoms not just the size of sand grains is
very important, but their microtopography (surface mi-
crorelief of grains) [25].

The proposed approach in the study of microalgae
using the plates with fixed sand particles can be used
widely in hydrobiological studies for different purposes:
such as studying distribution of aquatic organism of dif-
ferent size of sand, studying the character of their succes-
sions, etc. General chronology of phytopsammon com-
munity successions indicates the duration of experi-
mental studies: 3-15 days - for short-term and
15-30 days for long-term observation.

On the other hand, the results of present study led
to reveal the pattern of sand grain composition influence
on the microalgae. Combining the empiric and field data,
we showed the possibility to forecast the processes in the
coastal zone of the sea. Nowadays in the conditions of
high interest to study of the contact zones [26, 22] it’s
great importance to understand the mechanisms of
psammocontour functioning. The necessity to establish
general laws of development of communities of sandy
coasts provides a basis for predicting the formation of
microphytobenthos in different regions of the World
Ocean, and also allows you to identify particular bioce-
notic changes at sands with different granulometry, based
on common approaches. The process of the energetic me-
tabolism, nutrition, growth and production, through
which the biotic cycle of substances is carried out, forms
the material basis of the relationship of aquatic organ-
isms. Each of these processes is accompanied with the
definite quantity of substances and energy, and the elabo-
ration of the scientific bases for modeling of ecosystems
of any level is tightly connected with the quantitative
count of role of communities and populations [27].

Therefore, the proposed patterns of influence of
sediment character on microalgae could be a good base
for development of the concept of sandy beaches func-
tioning.

7. Conclusions

1 The proposed approach of study of aquatic or-
ganisms using plates with different fractions of sand on
silicon can be used in hydrobiological studies.

2. The fine sand fraction increases the surface of
the substrate and provides the growth of microalgae
abundance.

3. Thus, on the base of granulometric composition
it is possible to forecast up to 80 % the quantitative char-
acteristic of microalgae of the coastal zone using the fol-
lowing pattern: y=2,3-x+60,2.

4. With a certain degree of probability it is possi-
ble to predict which groups of algae (Bacillariophyta,
Dinophyta, Cryptophyta, Cyanoprokaryota) will predom-
inate on sand of definite grain size.
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