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ABSTRACT. This paper proposes a new modification of the method for studying epipelic diatom com-
munities. The proposed modification is based on the use of multiple tissue layers rather than a single
layer, placed on the surface of moist bottom sediment, followed by separate studies of their diatom
complexes. The modification was probed with materials from Sterlyazhy Pond (Zvenigorod Biological
Station MSU). The outcomes of this method highlight substantial epipelic community stratification
based on the relative taxon abundance and the community size structure. Differences in sediment micro-
horizon preferences were also identified among morphologically similar Sellaphora species.
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1. Introduction

The epipelon is a community of the organisms
that inhabit the surface of silty fine-grained sediments
(Round, 1981). In the mid-20th century, J.W.G. Lund
(1942) was the first to prove the specificity of the
epipelic community and its independence from plank-
tonic and epiphytic communities. Various researchers
were focused on the study of the structure and dynam-
ics of freshwater epipelic communities, and the main
results of these studies were summarized in several
reviews (Round, 1981; Pouli¢kova et al., 2008; 2014). A.
Pulickové et al. (2008) pointed to the study of the struc-
tural features of epipelic communities, with particular
attention to their stratification, as one of the promising
lines of research. However, epipelic algae are micro-
organisms, which should be taken into account when
choosing the spatial scale of the study (Lowe, 2011).
Different methods were proposed for studying epipelic
communities, including a “tissue” method (see review
in J.W. Eaton, B. Moss (1966)). Even early diatom stud-
ies (e.g. Reinichke, 1858) revealed that diatoms can be
isolated from the moist sediment by placing pieces of
tissue onto its surface for a period, during which cells
migrated into the tissue. However, the tissue method,
as well as the frequently used coverslip-method, and
methods of direct cell counting in sediment suspen-
sion, do not allow the study of the vertical distribution

of algae in the sediment. To solve this problem, var-
ious authors proposed various methods, namely: slic-
ing short sediment cores with the freezing microtome
(Palmer and Round, 1965); using corers with side open-
ings (Gruendling, 1971); inserting vertically oriented
coverslips in the sediment (Baillie, 1987); studying sed-
iment fractures with low-temperature (Paterson, 1986)
or routine scanning electron microscopy (Greenwood
et al., 1999). It should be noted that the upper few
millimeters of sediment are of particular interest, as
they contain the bulk of algal cells (Gruendling, 1971,
Baillie, 1987; Greenwood et al., 1999) and exhibit steep
gradients in environmental parameters (e.g., Carlton
and Wetzel, 1988).

In this paper, we propose an original modifica-
tion of the tissue method for studying epipelon, which
allows us to study the vertical distribution of algae
under seminatural conditions. We propose placing not
one, but several tissue layers on the surface of a moist
sediment, and then studying them individually. The
thickness of a tissue layer is only fractions of a milli-
meter, which should theoretically allow the study of
community stratification at a microscale. Although the
method is indirect, the results may be extrapolated to
the natural community.

The main aim of this study is to test the proposed
method of tissue layers on the example of a freshwater
epipelic diatom community.
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2. Materials and methods

Samples of surface bottom sediments for this
study were collected from the Sterlyazhy Pond at S.N.
Skadovsky Zvenigorod Biological Station. Sterlyazhiy
Pond, a pit on the second floodplain terrace of the
Moskva River, is filled with water owing to an artificial
dam in a ravine along the stream’s path. Its length is
~25 m; the average width is 15 m; the depth currently
does not exceed 3 m due to heavy siltation. The reser-
voir is fed mainly by springs from the upper aquifer,
and a small stream runs out of the pond (Anisimova et
al., 2004). The water is slightly alkaline with a medium
electrolyte content (Zorina et al., 2024).

Sampling was carried out on June 29 and July
20, 2025. The preliminary study was conducted in
June, and the main experiment—in July. The material
was collected from the same site at the bank of the
pond with a glass tube (Round, 1953). Suspensions of
surface bottom sediment were placed into 0.5 1 bottles.
The material was immediately delivered to the labora-
tory, where it was settled for ~40 minutes, and then
the supernatant was decanted. The remaining sediment
was then poured into Petri dishes (one dish per bot-
tle). Four circles of synthetic tissue, cut to the contour
of the dish, were placed onto the surface of the moist
sediment in each dish. The tissue used was household
disposable towels made of viscose and polyester fibers.
The dishes were covered with lids and incubated in the
natural dim light near the window. An experiment with
one dish was conducted in June (24-hour incubation
period), and in July, two different incubation periods
were used (24 hours with two dishes and 48 hours with
another two dishes). After incubation, the upper three
tissue layers from each dish were fixed separately in
25 mL tubes with 96% ethanol. The lowest tissue layer
was not fixed; it was used to prevent sediment particles
from contaminating the samples.

To obtain a diatom suspension, the test tubes with
tissue pieces were shaken intensively for a few minutes
(all the tubes were shaken simultaneously as a single
set), and then 10 mL of the resulting cell suspension
was placed into conical centrifuge tubes. The cells were
precipitated by centrifugation (10 min; 2000 rpm); the
supernatant was removed, and 3 mL of 37% hydrogen
peroxide was added to each tube. The tubes were heated
in boiling water for 1 hour; then, a few drops of concen-
trated hydrochloric acid were added, and the samples
were heated for an additional 15 minutes. After this,
the suspensions were cooled, and the cleaned frustules
were rinsed with distilled water four times. The sedi-
ment of the frustules was diluted to a slight turbidity to
have an acceptable concentration of the valves on the
slides. Drops of the suspension were placed onto cover-
slips and dried on a heater. Thereinafter, the material
was embedded in anilin-formaldehyde resin (Eliashev,
1957).

The slides were first looked through for tak-
ing micrographs of the valves. Light microscope (LM)
Levenhuk Med25T was used, equipped with oil-immer-
sion 100 X apochromatic objective with 1.32 numer-
ical aperture (Carl Zeiss, Jena) and Levenhuk M1000
PLUS digital camera. Digital images were scaled and
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cropped using ImageJ software, then they were sorted
by genera and then by species. In the latter case, all
images were compared by placing them onto the same
sheet in the GIMP program. After this, species identifi-
cation was carried out.

Next, the relative abundance of species was
determined by counting the first 500 valves in each
slide, moving in horizontal rows across the middle of
the coverslip. Although this method does not allow for
determining absolute species abundances, it does allow
for comparing the ratios of taxa abundances, i.e., cal-
culating relative abundances. The relative abundance
of large-celled Sellaphora (species groups around S.
pupula, S. laevissima, and S. bacillum) was determined
separately by counting 200 valves. The latter was per-
formed with the dry 40 X lens (apochromat, n.a. 0.95,
Carl Zeiss, Jena) because it was necessary to study a
larger slide area.

To analyze the ratio of different diatom size
groups, we used data on the characteristic valve length,
obtained by measuring the valves from the middle of
the size range. For some species, average values of size
ranges were taken from the literature.

Data analysis was conducted with MS Excel and
Statistica. Shannon (H) and Simpson (D) indexes were
calculated to characterize species diversity. Taxon rela-
tive abundance in two different samples was compared
with Student’s t-test. Spearman’s rank correlation coef-
ficient p was used for sample comparisons by relative
taxa abundance; a taxon with maximal abundance
received the rank 1; the next taxon-2, etc. Pearson’s
correlation coefficient r was calculated between the rel-
ative abundances of selected species. Cluster analysis
was used to compare the similarity of the samples. The
distributions of diatom size groups were compared via
the Kolmogorov-Smirnov test.

3. Results and discussion

Overall, 175 diatom species from 54 genera were
identified in the studied samples of Sterlyazhy Pond
epipelon. The genera Sellaphora (29 species), Nitzschia
(18 species), and Navicula (16 species) showed the larg-
est number of species. These three genera are pennate
diatoms, symmetric about all three planes of symme-
try, and having raphes on both valves of the frustule.
Sellaphora and Navicula cells bear median slit-like
raphes, whereas Nitschia cells have eccentric canal
raphes usually diagonally placed on cell sides. Such
a shape and raphes allow members of these genera to
slide in different directions between sediment particles,
so it is not surprising that the diversity of these taxa in
the studied samples was maximal.

Most of the revealed species were found rarely or
represented by single valves. Only 51 species reached
the relative abundance of 1% or more in at least one
sample (Fig. 1), and the abundance of only 12 species
exceeded 5% (Fig. 2).

Thirteen species were found in all tissue lay-
ers in all cases (Cocconeis placentula (aggr.), Navicula
cryptocephala, Navicula cryptotenella, Navicula radiosa,
Nitzschia archibaldii, Nitzschia gracilis, Nitzschia palea
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Fig.1. The most frequently recorded diatom species (reaching a relative abundance of =1% in at least one sample) from Sterlyazhy Pond
epipelon. 1-2-Discostella pseudostelligera (Hustedt) Houk et Klee. 3—Cyclostephanos invisitatus (Hohn et Hellerman) Theriot et al. 4-Stephanodiscus
parvus Stoermer et Hakansson. 5-Stephanodiscus sp. 6-Punctastriata glubokoensis Williams et al. 7-Staurosira venter (Ehrenberg) Grunow. 8-
Amphora indistincta Levkov. 9-Amphora pediculus (Kiitzing) Grunow.10-Amphora copulata (Kiitzing) Schoeman et Archibald. 11-Cocconeis pla-
centula Ehrenberg (aggr.). 12-Achnanthidium minutissimum (Kiitzing) Czarnecki. 13-Planothidium rostratoholarcticum Lange-Bertalot et Bak.
14-Planothidium sp. 1. 15-Planothidium victori Novis et al. (aggr.). 16-17—Planothidium pumilum Bak et Lange-Bertalot. 18-Planothidium sp. 2.
19-Platessa conspicua (A. Mayer) Lange-Bertalot. 20-Adlafia minuscula var. muralis (Grunow) Lange-Bertalot. 21-Mayamaea cf. permitis (Hustedt)
Bruder et Medlin. 22-Nitzschia tenuis W. Smith. 23-Nitzschia palea (Kiitzing) W. Smith (aggr.). 24-Nitzschia gracilis Hantzsch. 25-Nitzschia
amphibia Grunow. 26-Nitzschia dissipata var. media (Hantzsch) Grunow. 27-Nitzschia archibaldii Lange-Bertalot. 28-Nitzschia subacicularis Hustedt.
29-Gomphonema acuminatum Ehrenberg. 30-Cymbopleura amphicephala (Néageli) Krammer. 31-Hippodonta capitata (Ehrenberg) Lange-Bertalot
et al. 32—Caloneis silicula (Ehrenberg) Cleve. 33—Caloneis ventricosa (Ehrenberg) Meister. 34-Navicula radiosa Kiitzing. 35-Navicula cryptocephala
Kiitzing. 36-Navicula lundii Reichardt. 37-Navicula moskalii Metzeltin et al. 38-Navicula cryptotenella Lange-Bertalot. 39-40-Sellaphora laevissima
(Kiitzing) D.G. Mann, kommiekc BuioB: 39-® ‘normal’, 40-® ‘very coarse’ (sensu Mann et al. 2008). 41-Sellaphora saugerresii (Desm.) C.E. Wetzel
et D.G. Mann. 42-Sellaphora atomoides (Grunow) C.E. Wetzel et Van de Vijver (aggr.). 43-Sellaphora cf. difficillima (Hustedt) C.E. Wetzel et al. 44—
Sellaphora labernardierei Beauger et al. 45-Sellaphora cf. raederae (Lange-Bertalot) C.E. Wetzel. 46-Sellaphora cf. disjuncta (Hustedt) D.G. Mann.
47-Sellaphora sp. 48-53-Sellaphora pupula (Kiitzing) Mereschkowsky, xommuiekc Bunos: 48-Sellaphora blackfordensis D.G. Mann et S. Droop; 49—
Sellaphora bisexualis D.G. Mann et K.M. Evans; 50-Sellaphora capitata D.G. Mann et S.M. McDonald; 51-Sellaphora auldreekie D.G. Mann et S.M.
McDonald; 52-® ‘pointy’; 53-® ‘corpulent’ (sensu Mann et al. 2008). Scale bar is 10 pm.
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Fig.2. Relative abundance of the dominant species (=5%) in different tissue layers. A, B-24- hour incubation; C, D-48-hour
incubation. Legend: white is the upper layer, gray-middle layer, and black-lower layer. Proportions of large-celled Sellaphora
cells in girdle view are marked with asterisk (*). The horizontal axis represents the proportion of the species’ valve number to

the total number.

(aggr.), Planothidium victori (aggr.), Sellaphora atom-
oides (aggr.), Sellaphora labernardierei, Sellaphora laevis-
sima s. str., Sellaphora blackfordensis, and Stephanodiscus
sp.) during the experiment conducted in July; there
were no unique species for any layer.

Fewer taxa were present in a single tissue sam-
ple: the lower and middle layers contained 66-75 spe-
cies, and the upper layers had 46-49 species (per 500
valves). The upper layers demonstrated not only lower
species richness but also lower diversity according to
the Shannon index H (~2.6 for upper layers vs. ~3.6 for
middle and lower layers, Fig. 3). The upper layers were
characterized by higher values of Simpson’s D index,
which also indicates a decrease in species diversity.

Some members of the genera Hippodonta,
Navicula, Nitzschia, Sellaphora (symmetrical biraphids)
together with Staurosira (araphids) and Stephanodiscus
(centrics) were among the dominant species. The main
dominants were Navicula radiosa (Fig. 1: 34), Navicula
cryptocephala (Fig. 1: 35), and Nitzschia palea (Fig. 1:
23).

Proportions of N. radiosa and N. cryptocephala
valves in the upper tissue layers in comparison with the
middle and lower layers (Figs 2, 4) were significantly
higher. It should be mentioned that these Navicula spe-
cies have valves with acute apices, which probably
helps the rapid and effective movement of their cells
into the upper layers of the tissue or sediment.

Cluster analysis of the similarity of diatom com-
munities also reveals differences between complexes of
the upper tissue layers and all other layers, as clearly
demonstrated by two distinct clusters in the dendro-
gram (Fig. 5). Noteworthy is that within these clusters,
June samples are separated from July ones.
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Concerning the most frequently recorded genera
(with relative abundance =5%), similar patterns were
observed in all experiment variants (Fig. 6). Obviously,
the genera of symmetrical biraphid diatoms (Navicula,
Sellaphora, and Nitzschia), whose structural features
have already been discussed above, reached the high-
est relative abundance, as the same taxa also lead in
species richness. Moreover, the proportion of Navicula
valves was significantly higher in the upper tissue layer
(significance level a=<0.05), whereas the proportion
of Sellaphora was, conversely, higher in the lower and
middle layers; the proportion of Nitzschia valves was
comparable in the different tissue layers.

Interestingly, members of some genera of cen-
tric (Stephanodiscus) and araphid (Staurosira) diatoms,
which are incapable of active movement, reached com-
paratively high relative abundances. Possibly, these
forms may be associated with the drawing of their cells
into the tissue by capillary forces. The lower relative
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Fig.3. Comparison of diversity indices in different
samples.
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Fig.4. Relative abundance of Navicula radiosa (left) and N. cryptocephala (right) valves in July samples. 24 and 48-incubation
periods (h); inf-lower layer; med-middle layer; and sup-upper layer. Different letters above the rectangles indicate the signifi-
cance of the differences according to t-test (@ < 0.05).
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relation coefficient for 5% significance level and sam-
ple size 7 (number of genera included into analysis)
is p=0.781. We have received significant coefficient
values for the pairwise comparisons “lower layer-mid-
dle layer” (p=0.81) and “middle layer—upper layer”
(p =0.82), indicating similarity of these micro-horizons
by this parameter. However, the comparison “lower
layer—upper layer” demonstrates significant differences
in the order of taxa (p =0.581).

According to the average valve size (length or
diameter), revealed species were classified into four
groups: <15 pm, 15-30 pm, 30-60 pm, and >60 pum.
Although this estimate of the community size structure
is rather rough, there are certain reproducible patterns.
In all Petri dishes, the proportion of small-sized valves
was much higher for the lower and middle tissue layers
compared to the upper one (Fig. 7). On the contrary,
the proportion of large valves was higher in the upper
layer. Seemingly, large diatom cells can more efficiently
navigate within sediment or tissue due to their larger
size. Similar results were obtained in the preliminary
experiment in June.

A comparison of the size distributions of diatoms
in different tissue layers and during different incubation
times using the Kolmogorov-Smirnov test has revealed
that the upper layers differ significantly from the mid-
dle and lower ones. The latter two, in contrast, have
no significant differences (Fig. 8). Moreover, for some
variants, the incubation period influences significantly.

The species complex of large-celled Sellaphora
was chosen to study the possible preference for one or
another tissue layers in closely related taxa. This species
group at the beginning of the current century became a
model system for complex investigation of the species
concept in diatoms (Mann, 1999; Mann et al., 2004;
2008). In the studied materials, 13 species represented
the group around S. pupula, and two species repre-
sented groups around S. bacillum and S. laevissima each.
However, only three species, S. bisexualis (Fig. 1: 49), S.
blackfordensis (Fig. 1: 48), and S. laevissima sensu stricto
(Fig. 1: 39, phenodeme ‘normal’ sensu Mann et al.,
2008), reached the relative abundance exceeding 10%
of the total number of large-celled Sellaphora valves
counted. The proportions of their relative abundances
in different tissue layers in July are shown in Fig. 9.

Similar patterns were observed after 24 and 48
hours of incubation. The relative abundance of S. lae-
vissima s.s. and S. blackfordensis increased from lower
tissue layers to the upper ones (except for one Petri-
dish for S. blackfordensis, Fig. 9A). In contrast, the pro-
portion of S. bisexualis valves decreased from bottom
to the top (Fig. 9). Significant negative correlation was
observed between the relative abundances of S. laevis-
sima s.s. and S. bisexualis in different layers (Fig. 10),
with a correlation coefficient r=-0.92.

Previously, seasonal differences in the relative
abundance of S. pupula morphotypes were demon-
strated within a single water body (Spackova et al.,
2009). Our results indicate a likely divergence of sym-
patric large-celled Sellaphora species according to spa-
tial microhabitats.
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4. Conclusions

The proposed modification of the tissue method

for studying the epipelon
allows finding differences

structure in different micro-

(“layered tissue method”)
in the diatom community
horizons (differences in the

representation of taxa of genus and species ranks, as
well as different size classes of diatoms, are revealed).
The obtained data also indicate that different species of
the genus Sellaphora have different preferences for liv-
ing in a particular sediment microhorizon. A weakness
of the technique is the likely drawing of small, immo-
tile cells into the tissue by capillary forces. More accu-
rate and reliable results require further experiments,
encountering not only relative but also absolute taxa
abundance, as well as the vertical diurnal migration of

epipelic algae.
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BOOOPOCHU.' ﬂpOﬁfleMbI maKCcOHOMUU U 3Kosiocuu,
ucriofib3osaHue 8 MOHUMoOpuUHee u buomexHornoauu

AKcnepMMeHTaArbHOe H3yYeHHue
BepPTUKaAbHOroO pacnpeaeneHus
NPEeCHOBOAHBIX AHATOMOBbBIX BOAOPOCAEH B
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Buostoecuueckuii ¢paxytemem MI'Y umernu M.B.JIomoHocoga, Mockaa, JleHurckue copel, 0. 1, cmp. 12, 119234, Poccua

AHHOTAIIHS. B HacToseil paboTe nmpeajiokeHa HOBasi MoAu(UKanua MeToda U3y4eHUs co00IIecTB
SNUIEJIUTHBIX AUAaTOMOBHIX Bogopociel. CyTh MoauduKanuy 3aKkjalodaeTcsa B IOMelleHN Ha [oBepX-
HOCTb BJIQXXHOTO JJOHHOTO OCajKa HEeCKOJIbKKUX, & He OJHOIO CJIOA TKaHW, C OC/eAYI0IIUM pa3AeIbHbIM
n3yyeHrueM (GOpPMUPYIOIMXCA B HUX AUATOMOBEIX KOMILIeKcoB. Moaudukaiys Oblia anpobupoBaHa
Ha matepuajsie u3 CrepJipkbero npyaa (3BeHuropojckas ouosiorndeckas cranuusa MI'Y). [TosmydeHHbie
pe3yJibTaThl CBUAETEJIbCTBYIOT O TOM, YTO JAHHBIN MeTOJ I03BOJISET BBIABUTH CTpPAaTU(UKAIMI0 dIIU-
IeJINTHBIX COOOIIeCTB [0 OTHOCUTEIbHOMY OOWMJIMIO TAKCOHOB BHIOBOTO M POJOBOTO PaHIOB, pa3Mep-
HOM CTPYKType COOOIIeCTB, a TakKe M03BOoJIAeT U3ydyaTh NPeAno4YTeHns K MUKPOrOp1U30HTaM AOHHOI'O
ocajzika y 6JIM3KUX M0 MOPGOJIOTUM BUIOB, MPpUHAAJIEXAMUX K poAy Sellaphora.
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1. BBeaenue

SmuUnesioH — 3TO COOOI[eCTBO OPraHM3MOB, pas-
BUBAIOIINXCA HA MTOBEPXHOCTU MATKUX MeJIKOAUCIIepC-
Heix rpyHTOB (Round, 1981). CamocTOATEIBHOCTH
coolIiiecTBa 3IHIIeJIOHA U €0 He3aBUCUMOCTbD OT IIJIaH-
KTOHHBIX U 3TU(PUTHBIX COODI[eCTB BIiepBhle ObLIa MPO-
AeMoHcTpupoBaHa J[x. JIJaHqoM B cepeiiHe IIPOIIJIOTO
Beka (Lund, 1942).

H3ydyeHreM CTPYKTYPHl M JUHAMUKH COOOIIECTB
3NMIeEJIOHA B pa3Hoe BpeMs 3aHUMAaJIUCh pa3jInyHbIe
aBTOPHI; OCHOBHEBIE Pe3yJIbTaThl 3TUX PaboT ObLIN 0600-
IeHbl B psfe 0630pHbx myOaukanuii (Round, 1981;
Poulickova et al.,, 2008; 2014). B kauecTBe OJHOIO
U3 TepCHeKTUBHBIX HaNpaBJIeHUM WCCIIeJOBaHUU A.
IMynuukoBa ¢ coaBT. (Poulickova et al., 2008) yxasnbi-
BalOT Ha U3y4YeHUe CTPYKTYPHBIX 0COOeHHOCTeH amuIe-
JIUTHBIX cOOOIIECTB C 0COOBIM BHIMAaHNEeM K CJIONCTOCTH
B pacmpefesieHuu Bojopocaeii. OqHaKo, BOJOPOCIN-3-
MUIEJINTH ABJIAITCA MUKPOOPraHu3MaMH, YTO HeoO-
XOAUMO YUYUTHIBATh MPU BHIOOPE MPOCTPAHCTBEHHOIO
macmraba ucciaenoanusa (Lowe, 2011). [y usyue-
HUA NOAOOHOM cTpatTuduKanuu OBLIM IIPeJJIOKEHbI
pa3JIMYHbIE METOJIUKU, CPeAu KOTOPHIX IPUCYTCTBYET
T.H. «TKaHeBbIl1 MeTon» (Eaton and Moss, 1966). Vxe

pannue auatomoJioru (e.g. Reinichke, 1858) o6uapy-
XWIM, 9YTO AUATOMOBBbIE BOJOPOCJTN MOTYT OBITH H30-
JINPOBAHHI C MMOBEPXHOCTU BJIAXHOTO AOHHOTO OCaaKa
IpYU MOMOINY NOMeEIeH!sA Ha Hee KYCOYKOB TKAaHU U
BBIJIEP)KMBAHUY VX B T€U€HLE HEKOTOPOI'O BpeMeHU, 32
KOTOpOe BOAOPOCJIU NepeMeIaTcsa Ha TKaHb. Ho Tka-
HEBBIIM MeTO/I, KaK 1 YaCTO UCIOJIb3YEMBIL METOJ] HaJIO-
XeHUs Ha 0CaZIOK MOKPOBHBIX CTEKOJI, a TAKXKe METOIBI
OpsIMOTO TMOJCYETa KJIETOK B CYCIIEH3WU OCajaKa, He
MO3BOJISIIOT TOJIYYUTh NPENCTABJIEHUS O BePTHUKAJIb-
HOM pachpejiejieHUd BOJOPOCJe B CJIOe OTJIOXKEHUI.
s pelieHus mocjieqHelN 3a4avy pa3HBIMU aBTOPaMU
IpeaIarajuch pa3jIMYHble METOAVKU: pe3Ka HebOJIb-
MINX KEPHOB OCaJIKa Ha 3aMOPaXUBAIOIIEM MUKPOTOME
(Palmer and Round, 1965); ucmosb30BaHHE MTPOGO-
oTOOpHUKOB ¢ GokoBhIMU OTBepcTusAME (Gruendling,
1971); BTEIKaHUe B BepxHUe CJIOU 0Ca/iIka BepTUKaJIbHO
OpUEHTHPOBAHHBIX MOKPOBHBIX cTekos1 (Baillie, 1987);
M3y4YeHre CKOJIOB OCAOKOB P IOMOIIU HU3KOTEM-
nepatypHoii (Paterson, 1986) wiu OOBIYHON CKaHU-
pymomeii 3j1eKTpoHHOI MuKpockonuu (Greenwood et
al.,, 1999). BaxxHO OTMETHUTh, YTO UHTEPEC B IMEPBYIO
ouepenb IPEACTABJIAIOT BEpXHHE HECKOJIbKO MUJLIU-
METPOB OCafKa, B KOTOPBIX COCPeOTOYEHA OCHOBHAsA
Macca kieTok Bogopocien (Gruendling, 1971; Baillie,
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1987; Greenwood et al., 1999), u B KOTOphIX HabJIIO-
JaloTCsA pe3Kre rpaJueHThl MapaMeTPOB OKpYXarollei
cpennl (e.g. Carlton and Wetzel, 1988).

J1A M3ydyeHUs BepTUKAJIBHOTO pacIipenesieHUs
BOJIOpOCJIell B HacTosllell paboTe mnpeasiokeHa MOAU-
dukanua TKaHEBOTO MeTOHa MCCIIEOBAHUA OIIUIe-
joHa. Ee cyTh cOCTOUT B MOMENIEHUN HA MMOBEPXHOCTD
BJIQXXHOTO OcaJKa He OJHOro, a HECKOJIbKUX CJIOEB
TKaHH, ¢ MOCJIEAYIOUIMM U3YYEHUEM UX MO-OTHEJIbHO-
ctu. TojmuHa OQHOrO CJIOS TKAHU COCTAaBJISET BCEro
J0JI MUJUTUMETPA, YTO TEOPETUYECKU JOJIKHO MO3BO-
JIUTh U3YyYUTh CTpPaTU(UKAIMIO cOOOIIecTBa B MUKPO-
Macimrabe. XoTA JaHHBIA METO]I ABJISETCSA KOCBEHHBIM,
MOJTyYeHHBIE Pe3yJIbTaThl BCE XK€ MOTYT OBITh SKCTPAIO-
JIMPOBaHbI HA €CTECTBEHHOE COOOIIECTRO.

B cBs3U € 3TUM OCHOBHOH 11eJ1bI0 JAHHON pabOoTHI
OblIa anpobanuys npeaaoXkeHHONH HaMU METOOUKHU TKa-
HEBBIX CJIOEB HA TpUMepe CcOooO0IIecTBa MPECHOBOIHBIX
AMUMNEUTHBIX TUATOMOBBIX BOJOPOCJIEH.

2. MaTepuanbl U MeTOADI

MatepuasioM i pabOTH IOCIYyXWIM NPOOBI
IIOBEPXHOCTHOTO JOHHOro ocafgka u3 CrepJisKbero
npyaa, PacIoJIoKeHHOI0 Ha TeppUTOpUU
3BeHUTrOpO/IcKOl 61osioruyeckoil cranuuu umenu C.H.
CKaJoBCKOroO.

CrepyimXuil HpyJ[ MNpeAcTaBiseT CcOOOM KOT-
JIOBaH, MOANPYXEHHBII HCKYyCCTBEHHON IJIOTUHOU
B OBpare Ha BTOpPOU HaJIONMEHHOI Teppace peKu
MocCkBBI, JJIMHA €ro OKOJIO 25 M, CpelHAA MUpUHA
15 M, B Hacrosllee BpeMs U3-3a CHJIBHOI'O 3aujieHUs
riyOrHa He IpeBHIIaeT 3 M; NUTaHHe BOJOeMa OCy-
IIecTBJIAeTCA B OCHOBHOM POJHUKAMU BEpXHEro BOJO-
HOCHOT'O IOPU30HTA, M3 IpyJa BbITeKaeT HeOOJIbIION
pyueli (AHucumoBa u Ap., 2004). Boga xapakrepusy-
eTcsa cyabolleslouHON peaknyell U cCpeHUM cofepxa-
HMeM 3JIeKTpoJIuToB (3opuHa u ap., 2024).

Cbop Marepuasa mpoBomuau 29 wuwoHA u 20
uiona 2025 r. CHavasia ObI TNpoOBedeH NHUJIOTHBIN
JKCrepuMeHT (MIOHb), a 3aTeM — OCHOBHOI (MIOJIb).
Marepuan otbupanu ¢ Oepera npyfa B OOHOU U TOU
’Ke TOYKe BojoeMa NpH IOMOIIY CTEKJIAHHON TpyOKuU
(Round, 1953). CycmeH3uu MOBEPXHOCTHOTO AOHHOTO
ocafka rnomMemaay B 6yTeiin o6semom 1o 0,5 1. ITocse
3TOro Marepuas cpasy Xe OCTaBjAId B JlabopaTo-
puio, rae eMy AaBajli OTCTOATbCA Okojio 40 MUHYT,
3aTeM aKKypaTHO CJIMBaJIU HAAOCAJOYHYIO XHIKOCTb.
INosiyyeHHBI1 TakUM 00pa3oM OCaAOK IepesiuBajiid B
yamku [leTpu (M3 kaxaoil OyTeUIM MoJydyajach OfgHA
yamka). Ha moBepXHOCTh BJIQXXHOIO Ocajika B KaXaoM
yamke MoMemiaad mo 4 cjosg CUHTeTUYeCKOU TKaHHU,
IpeBapuTeJIbHO OOpe3aHHOH MO0 KOHTypy YamKu. B
KayecTBe TKAHU OBLIM KCIIOJIb30BaHBI OBLITOBBEIE OJHO-
pa3oBble MOJIOTEHLIAa M3 BUCKO3bBl U MOJU3(GHUPHOIO
BOJIOKHA. Yalllki 3aKpblBajl KpBHIIIKAMUA U BHICTaB-
JIAATIA Ha eCTeCTBEHHBIN pacCesHHBI CBeT y OKHa. B
WIOHBCKOM 3KCIIeprMeHTe Obljla IIOCTaBjeHa OAHa
yamka Iletpu (cpok mHKyb6anuu — 24 yaca). B umoie
OBLIM [OCTaBJIEHO [BAa BapHaHTa OMNbITa CO CPOKaMH
uHKy6anuu 24 yaca (2 yamku) u 48 vacoB (2 yamiku).
INocsie nHKyOanuu BepxHUe TPU CJIOA TKaHU C KaXxOou
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Yallky CHUMaJsu U GUKCHPOBaIN pa3fesIbHO B Ipooup-
Kax Ha 25 M ¢ 96% 3TusoBbeM cniupToM. CamMblii HUX-
HHUI /IO TKaHU He (PUKCHPOBAIU, OH OBLI UCIOJIb30-
BaH IIPOCTO [JIA NMpeJOoTBpalleHNs NonagaHusa 4acTHUI]
ocajika B IpOoOHI.

[TosyuenHble MNpOOHWPKM C KyCOYKaMM TKaHU
MHTEHCHMBHO BCTPAXWBAJIW HECKOJIBKO MHHYT (Bce
OMHOBPeMeHHO) U mepesnuBaiau yacts (10 mi) mosy-
YeHHON CyCIeH3MH B KOHMYecKHe IeHTpudyxHble
npobupku. Kietku ocaxpanu neHTpUPyrupoBaHUEM
(10 munyT npu 2000 ob6opoTax B MUHYTY), CJIUBAIU
HaJ0CaJOYHYI0 XXUJIKOCTh 1 A00aBJIAIN K OcaAKaMm 1o 3
M 37% nepekucu Bogopona. Harpepanu Ha Kunsmei
BOJSIHOM OaHe B TeueHMe 1 yaca, 3aTeM J10OaBJISAJIM 110
HECKOJIbKY KaIneJsib KOHIIeHTPUPOBAaHHOU COJIAHOM KHC-
JIOTHl U BbIIEpXUBAJIM elle 15 MUHYT. 3aTeM CyCIleH-
3UI0 OXJIaXJaJlu W OTMBIBAJIM OYHUIIEHHBle OT Opra-
HMYeCKOro BelllecTBA MaHIWUPU AUCTUJUIMPOBAHHOMN
BOJIOH IIyTeM 4YeTHIPeXKpaTHOro ILeHTpU(yrupoBaHUs.
[ToryueHHBIN 0caOK pa3BOAWIIU 10 ¢J1aboii MyTHOCTY,
YTOOBl MOJIyYUTh IpHeMJIeMyI0 ILIOTHOCTb CTBOPOK B
npenaparax. Kamim nojiydeHHON cycnieH3uy HaHOCUIN
Ha IOKPOBHBIE CTEKJIAa U BHICYIINMBAJIN Ha IOBEPXHOCTU
cj1a00 pa3orpeToii 3JIeKTpOIUIMTKU. ITocse 3Toro mare-
pua 3akjiovaiy B aHWJINH-(QopMabIeruaHy0 CMOJLY
A.A. Dabsamesa (1957).

[TosryyeHHBIE TNpenapaTel CHavaja IIpocMaTpu-
BaIM [iA MUKpodoTorpadupoBaHUA CTBOPOK. BbLl
HCITOJTb30BaH CBETOBOI MuKpockon Levenhuk Med25T,
OCHAalIeHHBI MacJIAHO-UMMepCHOHHBIM 100 X 00Bb-
eKTUBOM-alloXpOMaTOM C 4YMCJIOBON amepTtypoin 1.32
(Carl Zeiss, Jena) u uudpoBoii potokamepoii Levenhuk
M1000 PLUS. MukpodoTorpaduu MacmrabupoBaIu
1M KaJpupoBaJM IIpU IOMOIIM NporpamMMsl Imagel,
COpTHpPOBaJId CHayajla IO POAOBOM IPUHAIJIEKHO-
CTH, 3aTeM [0 BHUJOBOH. B mocnegHeM ciiydae GoTo-
rpaduy CTBOPOK BHUJOB OHOTIO poOJa COINOCTAaBJIANIN
HeNnocpeACTBeHHO, pa3MeCcTHMB HX Ha OOHOM JIMCTE B
nporpamMe GIMP. Tlocse 3TOro npoBOAUIIN BUAOBYIO
naeHTUUKaLMIO.

3aTeM IPOBOAWJIM OIpefesieHrue OTHOCHUTEJIb-
HOro obwunausa BUAOB, npocuuThiBad no 500 nepBbIX
BCTpeUYeHHBIX CTBOPOK B KakoM Ipenapare. [Toacuer
[IOBOAWJIY B CpefHell YacTU IMOKPOBHOI'O CTeKJIa, JBU-
raschb ropu30HTaJIbHBIMU pAAaMU LIMPHUHON B fUaMeTp
[10J1 3peHUs MUKpOcKoma. J[aHHBI MeTo[ He MO03BO-
JIAeT onpeaenuTh abCOII0OTHBIe OOWINA BUAOB, HO 3aTO
[I03BOJISET CPaBHUTb COOTHOLIEHWA YHCJIeHHOCTeN
TaKCOHOB, TO €CThb OTHOCUTeJIbHBIe 00uInA. OTAesIbHO
ompefesiAid OTHOCUTEJIbHOe OOWINU KPYyIHOKJIETOY-
HBIX NpejcraBuTesiel poaa Sellaphora (rpynmbl BUAOB
S. pupula, S. laevissima, S. bacillum), mpocUUTHIBasA MO
200 cTBOpOK MpejcTaBUTeN el 3TUX BUAOB. B mocien-
HeM cJIydae IpeliapaT IipocMaTpuBajy He CO CTOKpaT-
HBIM O0OBEKTUBOM, a ¢ o0bekTHBOM X 40 (amoxpowmar,
yrcsoBas aneptypa 0.95, Carl Zeiss, Jena), u3-3a Toro,
YTO HeoOXOOUMO OBLJIO M3y4YUTh OOJIBIIYIO ILIOHIAJb
Ipenapara.

JnA aHanu3a COOTHOIIEHWA pasjnyHBIX pas-
MEpHBIX I'pyII AWAaTOMOBBIX WCIIOJIb30BaJIU [JaHHBIE
0 XapakTepHOH AJIMHe CTBOPOK, IOJIy4eHHBble IyTeM
HU3MepeHHsA CTBOPOK M3 cepeduHbl pa3MepHOro pspa.
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Jlumip 1711 OTHEeNbHBIX €IUHUYHO BCTpEeYaroninuxcs
BU/IOB, MOMNABIINX B OJCYETH], HO HE BbISIBJIEHHBIX NPU
NpeABapUTeJIbHOM HU3yYeHUU BUJOBOr0 COCTaBa, OBLIIU
B3ATHl CpeJlHMe 3HaueHUs pa3MepHBIX AUANa3oHOB U3
JIUTEepaTypHl.

AnHanu3 [aHHBIX MPOBOAWJINA B mporpammax MS
Excel u Statistica. [y11 XapaKTepUCTUKU BHUI0BOTO pas-
HooOpa3us ObLIM BhuMcieHbl uHAeKchH [llenHona (H)
u Cumncona (D). CpaBHeHMe NpeACTaBJIEHHOCTU TaK-
COHa B JBYX pa3HbIX o6pasiax MpoOBOAWJIM C TTOMOIIbIO
t-xputepus CTbiofieHTa AJA JoJjiu. Takxke NMPOBOJUIU
cpaBHeHMe 06pa3IoB M0 0OMJINI0 TAKCOHOB C TIOMOIIIBIO
ko3 dunreHTa paHroBoil koppeysnuu CnupMeHa p,
MpU 3TOM TAaKCOHY C MaKCHMAaJIbHBIM OTHOCUTEJIbHBIM
obusireM npucBauBa’ics paHr 1, cieaymwomneMy — 2 U T. 1.
JJii OTHOCUTEIBbHBIX OOWJIMII HEKOTOPHIX Hap BUAOB
BRIUMCIIAIN KO3 duiueHT koppesanuu IlupcoHa r.
JenaporpamMmMa cxojicTBa 00OpasloB MOCTPOeHa [0
pe3yJjibTaTaM KJjacTepHOro aHasinu3a. CpaBHeHuUe pac-
npefesieHU pa3MepHBIX I'PYII AUATOMOBBIX IPOBO-
AWy ¢ moMorisio kputepus Kosimoroposa-CMupHoBa.

3. Pe3ynabTatbl M 06Ccy)xpeHue

B m3yuenHsix npobax snunenoHa CTepispKbero
IpyZa BBIABJIEHO 175 BHUIIOB IMAaTOMOBBIX BOJOPOCTEN
u3 54 ponos. Han6oypmyM 4KC/IOM BUIOB IIpeACTaB-
Jensl poasl Sellaphora (29 BunoB), Nitzschia (18 Buaos)
u Navicula (16 BumoB). JJaHHble GOPMBI — 3TO TIEHHAT-
Hble TaTOMOBBEIE C KJIeTKaMU, CUMMETPUYHBIMU OTHO-
CUTEJIPHO TpeX IUIOCKOCTel CHMMeTPUM U IIBaMH Ha
obenx cTBOpKax maHups; Sellaphora u Navicula nmerot
MeJUaHHBIE IlesieBUAHBIe MBH, a Nitzschia — kaHaso-
BUJIHbIE, SKCIIeHTPUYHEIE, OOBIYHO PaCIOJIOKEHHBIE Ha
IIPOTUBOIOJIOXKHBIX KpasxX CTBOPOK MaHImps. ITogo6Has
dbopma 1 HajMyMe MIBOB MTO3BOJIAIOT NpefCTaBUTEIIAM
3TUX POJOB ABUTAaThCA B PA3JIMYHBIX HaIpaBJIEHUAX
cpenyd dYacTUll AOHHOTO OCafKa, IO3TOMY HeyIuBU-
TeJIbHO, YTO BUAOBOE OOraTtcTBO AAHHBIX TAKCOHOB B
M3y4YeHHBIX 06pa3liax 0Ka3ajoch MaKCUMAaJIbHBIM.

Bonbiias 4acTh BIABJIEHHBIX BU/IOB BCTpeyaslach
B Ipo6ax peaKo win Oblia pefcTaBiieHa e JUHUIHBIMU
ctBopkamu. OTHocuTenpHOro obusnus B 1% u Gosee
(xoTs GBI B OTHOM 13 00pa310B) AOCTUTAJ JIUIIb 51 BU
JMaTOMOBBIX, poTorpaduu KOTOPHIX MpeACTaBJIEHH Ha
PucyHke 1, u TOsIbKO 12 BUOB NMeI OTHOCUTEJIbHOE
obusue 6osiee 5 % (Puc. 2).

B uIOJIBCKOM 3JKCIIepUMeHTe BO BCeX CJIOAX
TKaHu npucytrcrBoBaiu 13 Bunos (Cocconeis placentula
(aggr.), Navicula cryptocephala, Navicula cryptotenella,
Navicula radiosa, Nitzschia archibaldii, Nitzschia gracilis,
Nitzschia palea (aggr.), Planothidium victori (aggr.),
Sellaphora atomoides (aggr.), Sellaphora labernardierei,
Sellaphora laevissima s. str., Sellaphora blackfordensis,
Stephanodiscus sp.). YHUKaJIbHBIX BHIOB, BCTpeYalo-
MIUXCS TOJIBKO Ha OJIHOM CJIOe TKaHU, HO He OTMeYeH-
HBIX B IPYTUX CJIOSIX, B UIOJIbCKOM 3KCIIepUMEeHTe BbIAB-
JIeHO He OBLITO.

B ymr060M BapraHTe OIBITa HA KaXOM OTJIeJIbHO
B3ATOM CJIOe TKaHU BBIABJIJIOCh 3aMETHO MeHbIIe TaK-
COHOB: 66-75 BUIIOB OJIA HUXHUX cjioeB U 4649 nia
BepxHUX (Ha 500 HmOACYUTAHHBIX CTBOPOK). BepxhHue
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CJIOM AEMOHCTPHUPOBAJIM HE TOJIbKO MeHbIllee BUIOBOE
6oraTrcTBo, HO U B IIEJIOM 3aMETHO MeHbIIee Pa3HOO-
6pasue, uaaekc lllenHona H cocraBiset okosio 2.6 Ay
BEPXHHUX CJIOEB M OKOJIO 3.6 IS CpeHUX W HUXHUX
(Puc. 3). COOTBETCTBEHHO, BEPXHUE CJIOW XapaKTepu-
3yloTcA 60Jiee BRICOKMMU 3HAYEHUSAMU UHAEKCA TOMU-
HupoBaHus CUMIICOHA, YTO TaKXe CBUIETEBCTBYET O
CHIDXEHUU BUIOBOTO PasHOOOpasus.

B umciio BUOOB JOMHHAHTOB BOLLIA HEKOTOPHIE
npencraBuTesu poAos Hippodonta, Navicula, Nitzschia,
Sellaphora (cuMMeTpUYHBIE [IBYIIOBHBIE), a TaKXe
Staurosira (6ecmoBHbie) U Stephanodiscus (LieHTpUYe-
ckue) (Puc. 2). OCHOBHBIMHM JOMMHAHTAMU OKAa3aJIMCh
Navicula radiosa (Puc. 1: 34), Navicula cryptocephala
(Puc. 1: 35) u Nitzschia palea (Puc. 1: 23).

Hosm BugoB N. radiosa u N. cryptocephala B Bepx-
HUX CJIOSIX TKAHW OKA3aJIMCh 3HAYMMO BBIIIE TIO CPaB-
HeHHUI0 co cpeqHuMu U HwxHUMU (Puc. 2, 4). Crour
cKa3aTh, YTO YIOMsAHYThie BUAB Navicula xapaktepu-
3YIOTCA 3a0CTPEHHBIMH KOHLIAMU CTBOPOK, YTO, BO3-
MOXHO, criocoOcTByeT 6oJsiee ObicTpoMy U 3hPeKTUB-
HOMY MPOJIBIKEHUIO B BEPXHUE CJION TKAHU U JJOHHOTO
ocajika.

AHayi3 cXOJCTBa CTPYKTYPBI COOOIIECTB METO-
JIOM KJIaCTEPHOTO aHa/M3a TOXe JIEMOHCTPUpPYET
OTJINYMA KOMILIEKCOB BHUJIOB, OOHApyXMBAEMBIX B
BEPXHUX CJIOSIX TKaHU, OT BCEX MPOYMX, YTO HATJIAIHO
JIeMOHCTpUpPYeTCs OByMs YETKUMH KJlacTepamMu [eH-
nporpamMel (Puc. 5). CTOUT OTMETUTH, YTO B Tpefe-
JlaX 3TUX KJIaCTEPOB HIOHBCKUE OOpa3Lbl OTAEJIAITCA
OT UIOJIbCKUX.

Eciiu mpoaHasm3upoBaTh AaHHBIE O OTHOCHU-
TeJIbHOMY OOWJIMIO Ha ypPOBHE POJIOB, a HE BHUJOB, U
paccMOTpeTh POABI C OTHOCUTEIBHBIM obuineM = 5%,
TO BO BCEX BapHaHTaX JKCIepuMeHTa HabJrojaercs
JIOBOJIBHO cxoas kaptuHa (Puc. 6). BumHo, 4To Hau-
0oJIblllell OTHOCUTEJIPHOM YMCJIEHHOCTU OOCTUTAJIU
poasl Navicula, Sellaphora, Nitzschia, ocobGeHHOCTU
CTpOeHUs IpeJicTaBUTesIell KOTOPBIX yXe ObLIN 00CyX-
JIeHBI BBIIIE, B CBA3U C T€M, YTO 3TH XK€ TaKCOHBI JIMIU-
PYIOT Y TIO BUJIOBOMY OOTaTCTBY, IIPHUYEM JOJIA CTBO-
pok Navicula 6pUTa 3HAYMMO BHIIIE B BEPXHEM CJIOE
TKaHU (ypoBeHb 3HaunMocTH a < 0.05), a 10J19 CTBOPOK
Sellaphora — Ha060pOT, B HMXKHEM U CpPedHEM CJIOAX;
nosia Nitzschia 6b1a COMOCTAaBUMOM B Pa3HBIX CJIOSX
TKaHMU.

O6paraet Ha ce6s1 BHUMAaHUE IPUCYTCTBUE Cpein
JOMUHUPYIOIINX POJIOB IIeHTpUUYeCKUX (Stephanodiscus)
u OecmoBHBIX (Staurosira) JAUaTOMOBBIX, IpeCTaBU-
TeJI KOTOPHIX HE CIOCOOHBI K aKTUBHOMY IBUKEHUIO.
[Momaganue Takux GopM Ha TKaHb MOXET OBITh CBA3AHO
C 3aTATMBAaHUEM WX KJIETOK KaMWJUIAPHBIMHU CHJIAMH,
T.K. MBI TIOMEIaJIM Ha MOBEPXHOCTh OCAAKA B dYall-
KaxX CyXyl0 TKaHb. B MOJIb3y 3TOr0 rOBOPUT U TO, YTO
B BEPXHEM CJIO€ 3TUX TAaKCOHOB MeHbIIe. Tak, Hampu-
Mep, AJIA UI0JIBCKUX 00pa3I0OB OTHOCUTEIBHOE OOUIIHE
Stephanodiscus B BepxHeM cJioe coctasysieT 3.55%, 4To
3HAUYUMO MeHbllle ux obuausa B cpegHeMm (10.35%) u
HkHeM (8.75%) crosx. CxofHble pe3yJbTaThl OBLIU
MOJIyYeHbl TakKXe W B HIOHBCKOM IpeqBApUTETLHOM
JKCIIEpUMEHTE.
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Puc.1. HauGosiee yacTo BCTpeyaroIyiecs BU/IH JUATOMOBBIX dnunesiona CTepsipkbero npya (qocTuraBuire OTHOCUTEIBHOr0 06miusa = 1%
XOTs OBl B 0fHOM U3 1po6). 1-2 — Discostella pseudostelligera (Hustedt) Houk et Klee. 3 — Cyclostephanos invisitatus (Hohn et Hellerman) Theriot
et al. 4 — Stephanodiscus parvus Stoermer et Hikansson. 5 — Stephanodiscus sp. 6 — Punctastriata glubokoensis Williams et al. 7 — Staurosira venter
(Ehrenberg) Grunow. 8 — Amphora indistincta Levkov. 9 — Amphora pediculus (Kiitzing) Grunow.10 — Amphora copulata (Kiitzing) Schoeman et
Archibald. 11 - Cocconeis placentula Ehrenberg (aggr.). 12 — Achnanthidium minutissimum (Kiitzing) Czarnecki. 13 — Planothidium rostratoholarcticum
Lange-Bertalot et Bak. 14 — Planothidium sp. 1. 15 — Planothidium victori Novis et al. (aggr.). 16-17 — Planothidium pumilum Bak et Lange-Bertalot.
18 - Planothidium sp. 2. 19 - Platessa conspicua (A. Mayer) Lange-Bertalot. 20 — Adlafia minuscula var. muralis (Grunow) Lange-Bertalot. 21 —
Mayamaea cf. permitis (Hustedt) Bruder et Medlin. 22 — Nitzschia tenuis W. Smith. 23 — Nitzschia palea (Kiitzing) W. Smith (aggr.). 24 — Nitzschia
gracilis Hantzsch. 25 — Nitzschia amphibia Grunow. 26 — Nitzschia dissipata var. media (Hantzsch) Grunow. 27 — Nitzschia archibaldii Lange-Bertalot.
28 — Nitzschia subacicularis Hustedt. 29 — Gomphonema acuminatum Ehrenberg. 30 — Cymbopleura amphicephala (Négeli) Krammer. 31 — Hippodonta
capitata (Ehrenberg) Lange-Bertalot et al. 32 — Caloneis silicula (Ehrenberg) Cleve. 33 — Caloneis ventricosa (Ehrenberg) Meister. 34 — Navicula
radiosa Kiitzing. 35 — Navicula cryptocephala Kiitzing. 36 — Navicula lundii Reichardt. 37 - Navicula moskalii Metzeltin et al. 38 — Navicula
cryptotenella Lange-Bertalot. 39-40 — Sellaphora laevissima (Kiitzing) D.G. Mann, kommiekc BuoB: 39 — @ ‘normal’, 40 — @ ‘very coarse’ (sensu
Mann et al. 2008). 41 - Sellaphora saugerresii (Desm.) C.E. Wetzel et D.G. Mann. 42 - Sellaphora atomoides (Grunow) C.E. Wetzel et Van de Vijver
(aggr.). 43 — Sellaphora cf. difficillima (Hustedt) C.E. Wetzel et al. 44 — Sellaphora labernardierei Beauger et al. 45 — Sellaphora cf. raederae (Lange-
Bertalot) C.E. Wetzel. 46 — Sellaphora cf. disjuncta (Hustedt) D.G. Mann. 47 — Sellaphora sp. 48-53 — Sellaphora pupula (Kiitzing) Mereschkowsky,
KoMILieKc BU0B: 48 — Sellaphora blackfordensis D.G. Mann et S. Droop; 49 — Sellaphora bisexualis D.G. Mann et K.M. Evans; 50 — Sellaphora capitata

D.G. Mann et S.M. McDonald; 51 - Sellaphora auldreekie D.G. Mann et S.M. McDonald; 52 — @ ‘pointy’; 53 — @ ‘corpulent’ (sensu Mann et al.
2008). MacmtabHbIi 0Tpe30oK — 10 MKM.
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Puc.2. OTHOCUTesIbHOE 06ujiie CTBOPOK BHIOB-AOMHHAHTOB (=5%) B pa3HBIX cjloAX TKaHU. A, B — uHkyOaiua 24 ydaca;
B, I' — unky6anusa 48 yacoB. 3anuBka: 6esiad — BEpXHUI CJIOH, cepas - CpeJHUN CJIOM, YepHas — HIKHUI cJI0H. 3Be310uKkon (*)
0603HaYeHHl IO KPYMHOKJIETOYHbIX BUOB Sellaphora, KyieTku KOTOpBIX OBLIM OPHEHTHPOBAHBI B Ipemnaparax ¢ moscka. 1o

FOpH30HTaﬂbHOﬁ OCH OTJIOXE€HA O0JIA CTBOPOK OT ob1iero yucsa.
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Puc.4. OtHocutebHOe obuive Navicula radiosa (ciieBa) u N. cryptocephala (cripaBa) B MI0JIbCKUX 06pasiax. 24 u 48 — BpeMs
uHKy6aiuy, inf — HrkHUI ci1od, med — cepeinHa, Sup — BepXHUil cjioil. Pa3Hbie GYKBBI Ha/l CTOJIOMKAMK YKa3bIBAIOT HA 3HAYM-

MBle pa3yinuus no t-kputepuio (a < 0.05).
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Puc.5. Cxo[IcCTBO KOMILIEKCOB IMaTOMOBBHIX B Pa3/IMUHBIX BapraHTax sKclepuMmeHTa. O6belHEHNe IPOBeNEeHO METOA0M
MOJIHOM CBSI3U, B KauecTBe Mephl paccTosIHUA B3ATO EBKinoBo paccrosnue; 06 — uiwoHb, 07 — utons, 1, 2, 3, 4 — HoMepa OTJeJsib-
HBIX yaIek, (24) — 24 yaca skcrno3unum, (48) — 48 yacoB skcno3uiuy, inf — HIDKHUI cJ10#, med — cCpeIHUI CJIOH, SUp — BEPXHUI

CJION.

CrpykTypa coofilecTBa BO MHOTOM OIIpefiesis-
eTcs MOPAAKOM CJIefJOBaHUA BelyI[UX PONOB IO yOHI-
BaHMIO UX OTHOCUTEJIBHOTO OOWJIVs, COOTBETCTBEHHO
MOXHO IIPOBEPUTH, COXpaHseTcs JIM JaHHBIN NOPANIOK
IIpU Ilepexofie OT OAHOIO CJIosl TKaHU K Apyromy. s
3TOro GBI BBHIUKCJIEH KO3(OUINEHT paHroBOI Koppe-
Jjsamuu CnupMeHa Ha OCHOBe O0beNHEHHBIX HAaHHBIX
[0 JABYM IOBTOPHOCTAM HIOJIbCKOI'O 3KCIEPUMEHTA.
Hcrosp30Basych JaHHBIE TOJIBKO II0 TeM podaM, KOTo-
pele OOHapyXMBaJIMCh BO BCEX BapHaHTax ONBITa, a
uMeHHO Cocconeis, Navicula, Nitzschia, Planothidium,
Sellaphora small, Sellaphora large, Stephanodiscus. [
YPOBHS 3HAYMMOCTH B 5% 1 o6beMa BBIOOPKU 7 (YKUCTI0
POJIOB, HCIIOJIb30BAHHBIX B aHa/M3e) KPUTHUYECKUM
3HaueHHeM Ko3ddulleHTa paHTroBOH KOppeJIAnuu
o6ynmet p=0.781, u B JaHHOM CJIy4yaeM IOJIy4eHbl 3Ha-
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quMble KO3()GULUMEHTH W JJIA Naphl «HU3-CepeArHa»
(p=0.81), u gina napw «cepeanHa-sepx» (p =0.82), uro
O3HavaeT CXOACTBO COOOIIeCTB JAaHHBIX MHUKPOrOpU-
30HTOB II0 paccMaTpyUBaeMoOMy llapamMeTpy. A BOT CpaB-
HeHUe «HU3-BepX» yXXe JeMOHCTpUpyeT 3HaulMble pas-
JIN4MisA B IOPAAKE pacrosiokeHns TakcoHoB (p =0.581).

B cooTBeTcTBHMM CO CpeAHMM pa3MepoM (AJIMHOM
WIN AYaMeTpoM) CTBOPOK BBIABJIEHHBIE BUABI OBLIN
paszeJieHsl Ha YeThIpe Irpynnsi: 40 15 MkMm, ot 15 xo 30
MkM, oT 30 go 60 MkwM, cBeinie 60 MkM. HecmoTpsa Ha
TO, YTO OI[eHKa pa3sMepHOH CTPYKTYPHl COOOIECTB Mpo-
BOAMJIACh JOBOJIbHO I'Py00, HAOJIIOAAIOTCA ONpefesieH-
HBle BOCIIpOM3BOJAIIMecs MaTTepHul. Bo Bcex yamikax
J10J1A MeJIKMX CTBOPOK ObLiIa rOpasfo BhHIIIE AJIA HUX-
HEro M CpeJHero cJjoeB TKaHU II0 CPaBHEHUIO C BepX-
HuM (Puc. 7). JosA KpyIHBIX KJIETOK, HA000pOT, ObLyIa

- B

Hippodonta

Navicula

Nitzschia
Planothidium
Sellaphora

Staurosira

Stephanadiscus

0.7

Stephanodisciis

0,7

0,1 0,2 03 04 06 07

0
Hippodonta F
!
f—

0 0.1 0,2 03 04 0,5

Navicula

Nitzschia

Planothidium

Sellaphora

Staurosira

0,6 0.7

Puc.6. OTHOCUTEJIbHOE O01JIe CTBOPOK POJOB-IOMUHAHTOB (=5%) B pasHbIX cJI0sIX TKaHU. A, b — uHKy6anus 24 yaca; B,
I' — unky6anus 48 yacoB. 3anuBka: 6esas — BEpXHUH CJIOH, cepasi — CpeHUI CJION, YepHas — HYKHUH cJ10. ITo ropr3oHTabHON

OCH OTJIOXXKE€HA O0JIA CTBOPOK OT O6IJ.I€1"O qucia.

501



BO@OPOCHU.' I7p061'leMbI maKCcOHOMUU U 3Kosiocuu,

Yyodaes [].A., bnazoseujeHckas E.FO. / Limnology and Freshwater Biology 2026 (4): 488-504 ucronb308aHuUe 8 MOHUMOPUHee U buomexHonoauu

3HAYMTEJIFHO BBIIE B BEpXHEM CJIO€ TKaHU. Buaumo,
KpYITHbIE KJIETKU CIIOCOOHBI Jierye TMpeodoJieBaTh
HeOOJIBIINE PACCTOAHUA MEXIy 4YacTHLAMHU OCajKa
WJIM BOJIOKHAMHU TKaHU OJiarofapsA CBOMM pa3MepaM,
B OTJINYHE OT MEJIKUX. Pazimuuil Mexay JByMs BpeMe-
HaMU SKCIIO3UINY Yallek He HabJojaiock. B mpenaBa-
PUTETBHOM UIOHBCKOM JKCIIEPUMEHTE ObLIH MOJTyYEHbI
aHaJIOTUYHBIE Pe3yJIbTaTHI.

CpaBHeHMe XapakTepa pacrpefeseHdus pa3Mep-
HOI CTPYKTYPHI IUATOMOBBIX KOMILJIEKCOB MEXIY pas-
HBIMU CJIOSIMM TKAHHU ¥ BpeMeHaMU 3KCIO3UI[HUY YalleK
o kputepuio Kosmoropoa-CMHUpHOBA MOKa3aJsio, 4TO,
C OTHOU CTOPOHBI, KOMILJIEKCHI BEPXHUX CJIOEB OTJIU-
YalTCA OT TAKOBBIX B HMKHUX U CPeJHUX. A MeXAY
MOCJEJHUMHU 3HAYMMBIE Pa3JINyusA, Ha0O0pOT, OTCYT-
cTByI0T (Puc. 8). TakXke Ha pa3MepPHYIO CTPYKTYPY KOM-
IJIEKCOB IMaTOMOBBIX B BEPXHUX U CPEIHUX CJIOAX OKa-
3aJ10 BJIUSHUE BpeMs MHKYOAIMY Yallek.

JiA n3yveHUA BOIpoca O BO3MOXHBIX Ppa3Jiud-
YUAX B MPEANOYTEHHUAX K TOMY HUJIX MHOMY CJIOK0 TKaHU
y OJM3KHUX TaKCOHOB OBLT BBHIOpAH KOMILIEKC BUJIOB
KPYITHOKJIETOYHBIX TpejacTaBureseil poaa Sellaphora.
JlaHHasA rpymmna K HayaJly TeKyLIero CTOJIETUS MPaKTHU-
YecKU CTajia MOAEJIbHOMN Il KOMILIEKCHOTO U3Y4YeHUsA
KOHI[eNnUuu BuAa y AuatomoBbix (Mann, 1999; Mann
et al.,, 2004; 2008). B wuccjiefoBaHHBIX MaTepHaJiaxX
KOMILJIEKC TAaKCOHOB, paHee OTHOCHUMBIX K COOpPHOMY
Buay S. pupula, okasajica mpejcTaBieH 13 BUOamu,
a KOMILJIEKCH TaKCOHOB, OJM3KMX K S. bacillum u S.
laevissima, Bximovyanu mo 2 BUAA Kaxawslid. [Ipu sToM
oTHOcuTeJbHOro od6bwuanua Oosbiie 10% (oT obmero
YHCcJia CTBOPOK KPYMHOKJIETOYHBIX BuAOB Sellaphora)
JOCTUTAJIA Wb TpU Buaa: S. bisexualis (Puc. 1: 49), S.
blackfordensis (Puc. 1: 48) u S. laevissima sensu stricto
(Puc. 1: 39, dpeHomeM ‘normal’ B moHmManuu Mann et
al., 2008). PacnipesiesieHr e X OTHOCUTEJIbHBIX OOMJTUI
O CJIOSIM TKAHU B MIOJIbCKOM 3KCIEPUMEHTE MOKA3aHO
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Puc.7. CooTHoleHMEe Yuciia CTBOPOK, IIPHMHAJIEXAIINX
K pa3JIMYHBIM pa3MepHBIM I'PyIIaM, B Pa3HbIX CJIOSIX TKaHU;
07 — utonip, 1, 2, 3, 4 — HOMepa OTAebHHIX Yallek, (24) — 24
yaca SKCIo3unuu, (48) — 48 yacoB skcrno3unuu, inf — HIKHUI
cjioi, med — cpeHUII CJIOH, SUp — BEpXHUI CJION.

(24) (48)

Puc.8. CpaBHeHue  paclpefileJileHUI  pa3MepHBIX
Tpynn B pa3HBIX BapHMaHTaxXx ONBITA C IOMOIIBI0 KPUTEpUs
KonmoropoBa-CMmupHOBa (uioibcKue JaHHBE); (24) — 24
yaca skcnosunuu, (48) — 48 yacoB sKcro3uIuy; inf — HYKHUHR
cioil, med — cpeqHUIT CJIOH, SUp — BEPXHUI CJIOH; ABOMHAsA
JUHUA — 3HaunMas pasHuna (p <0.01), nyHkTHp — 3HaUMMAas
pasHuna orcyrcrByet (p>0.05).
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Puc.9. OTHOCUTEJIBHOE OOUJIHE CTBOPOK KPYIMHOKJIETOYHBIX BUIOB Sellaphora (=10%) B pa3HBIX CJIOAX TKaHU. A, B — UHKY-
6anus 24 yaca; B, I' — nunky6anus 48 yacoB. 3anuBka: 6ejias — BEpXHUI CJIOH, cepas - CpeqHUI CJION, YepHas — HUXXHU cjioi. [To
TOPU30HTAJIBHOU OCH OTJIOXKEHA J0JIA OT OOILEero 4ricjia CTBOPOK KPYNMHOKJIETOUHbIX Sellaphora.
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BOOOPOCHU.' ﬂpOﬁfleMbI maKCcOHOMUU U 3Kosiocuu,
ucriofib3osaHue 8 MOHUMoOpuUHee u buomexHornoauu

Kaptuna, HabimofaBmascs IIocjie UWHKyba-
ouM yamiek B TeueHue 24 u 48 vacoB, ObJIa CXO[-
Hol. OTHocuTesibHOe obuine S. laevissima s.s. u
S. blackfordensis yBemWuMBajIOCh OT HUXHHUX CJIOEB
TKaHU K BEPXHUM (KpoMe OJIHOHM U3 dalleK B cjyyae
S. blackfordensis, Puc. 5A). lona ctBopok S. bisexualis,
Hao00pOT, yMeHbIIajach MpU Iepexojie OT HIPKHUX
cioeB K BepxHuM (Puc. 9). OOHapyxeHa 3HauMMas
OTpULlaTeJIbHAsI KOPpeJIlUA MeXAy OTHOCUTEJIb-
HbeMU obuysamu Sellaphora laevissima s.s. u Sellaphora
bisexualis B pasubix o6pasiax (Puc. 10), koadpdurueHT
KoppeyAuuu r=-0.92.

PaHee 11 OTHOCHUTEJIBHOTO OOMJINA MOPGOTU-
moB S. pupula GBITN IPOAEMOHCTPHUPOBAHEL PA3JINYNA
B CE30HHOM pa3BUTHU B Ipefiejlax OJHOTO0 BoJoema
(Spackova et al., 2009); HamK pe3yJIbTATHL, B CBOIO OUe-
penb, YKa3hlBalOT Ha BO3MOXHOE pacxoXXJeHHe BUJIOB
KPYITHOKJIETOYHBIX Sellaphora mo MpOCTPaHCTBEHHBIM
MUKPOHUIIIAM B TOJIIIe JOHHOI'O OCaAKa.

4. 3aknioueHue

[IpennoxeHHass MoAudUKaluA TKaHEBOU METO-
VKW U3y4YeHUs 3MUIesoHa («MeTO/] TKAHEBBIX CJIOEB»)
MO3BOJIMJIA BBIABUTH PA3JIMUUsA B CTPYKType COOOIie-
CTBa IMATOMOBBIX B Pa3JINYHBIX MUKDPOTOPM30HTaX Ha
YPOBHE COOTHOLIEHHS MOJIEll TaKCOHOB POJOBOTO U
BUJJOBOTO PAHTOB, a TAKXe Pa3HBIX pPa3MEPHBIX KJIac-
COB AMAaTOMOBHIX. [loJTydeHHBIe pe3yJIbTATH TaKXe
CBUETEJIbCTBYIOT B TOJIb3Yy HaJINYUA MpeANnoyTe-
HUII K OGUTaHUIO B TOM WJIM MHOM MHKPOTOPU3OHTE
ocajika y mpejcraBuTesiei poja Sellaphora. B kauecTBe
HeJIOCTAaTKa METONUKKU CTOUT yKa3aTh Ha BO3MOXHOE
3aTArMBaHUE MEJIKOKJIETOYHBIX HEMOJBMXHBIX (hopm
KaNWUIAPHBIMU CUJIaMU B CyXyl0 TKaHb. Heo6xoquMel
JaJIbHENIINe SKCIepUMEHTH], MPOBOJUMBIE C YYETOM
HEe TOJIBKO OTHOCHUTEJIBHOTO, HO U abCOJIIOTHOTO OGU-
JIMs TAKCOHOB, a TAKXKe C yYETOM BEPTUKAJIBHOI CyTOY-
HOI MUTpaly BOAOPOCIIEN-3NUIETUTOB.

bAaaropapHoCTH

HccrieqoBaHue BHIIOJIHEHO B paMKax rocynap-
cTBeHHOro 3aaanusa MI'Y umenu M.B.JIomoHOCOBA.
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