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The article presents results of studies of silica phytoliths in seven species of Cyperaceae and two species of Juncaceae from
Western Siberia. The participation of different morphotypes in the total phytolith assemblage was calculated as percentages.
The analysis of the specificity of different forms of silicification was carried out.
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Many living organisms are known to accumulate minerals in their tissues. Terrestrial plants are able to actively accumulate
hydrogenated silica in cell walls, intracellular and intercellular spaces (Blackman, 1971, Kiseleva, 2006, Kumar et al., 2018). As a
result, the specific microscopic bodies (phytoliths) are formed. Phytoliths find wide use in paleoecology, paleobotany, soil
science, including in Russia (Piperno, 2006; Matiushkina et al., 2017; Semenyak et al., 2018).

Phytolith analysis, as the paleobotanical method, is mainly based on the use of phytoliths of monocotyledons (Blinnikov, 2005,
Fredlund, Tieszen, 1994, Strémberg et al., 2018). Of these, grass (Poaceae) silica cells are the most studied (Neumann et al.,
2017; Novello, Barboni, 2015). Expansion of paleoecological opportunities requires the research of silicaforms of Cyperaceae
and Juncaceae, which species often dominante ground layer in many plant communities worldwide. Despite earlier studies
(Mehra, Sharma, 1965; Bobrov et al., 2016), Cyperaceae phytoliths remain understudied, while Juncaceae remain virtually
unstudied.

Materials and methods

We investigated phytolith production in seven species of Cyperaceae and two species of Juncaceae. Plant material was
carefully identiied and thoroughly washed and dryed to preclude contamination from other plants. Phytoliths were then
isolated by the dry ashing at 400 °C in a muffle furnace. The final stage included the counts of the obtained samples under
Olympus BX-51 optical microscope at x400-x1000 magnifications.

Results

Cyperaceae phytoliths. Carex dichroa (Freyn) V.l. Krecz. forms conical phytoliths (60%), lanceolate (16%), irregular plates (7%),
roundish long cells (2%), multisided long cells (5%), and toothed long cells (10%) (Fig. 1. C). C. duriuscula C.A. May produces
conical phytoliths (72%) (Fig. 1. A), irregular plates (9%) (Fig. 1. J), and multisided long cells (19%). C. macroura Meinsh. has
conical phytoliths (62%), irregular plates (9%), multisided long cells (7%) (Fig. 1. F), roundish long cells (4%), toothed long cells
(4%), and lanceolate forms (14%). C. muricata L. produces conical phytoliths (96%) and toothed long cells (4%). Carex perfusca
V. Krecz. produces conical phytoliths (40%) (Fig. 1. C), lanceolate forms (2%), irregular plates (5%), roundish long cells (15%),
and multisided long cells (38%). C. rostrata Stokes has conical phytoliths (58%) (Fig. 1. B), irregular plates (15%), roundish long
cells (13%) (Fig. 1. E), multisided long cells (15%), toothed long cells (10%) (Fig. 1. G). C. supina Willd. ex Wahlenb. forms conical
phytoliths (59%), multisided long cells (12%), lanceolate cells (18%) (Fig. 1. 1), and irregular plates (11%).

Juncaceae phytoliths. Juncus compressus)acq. produces lanceolate forms (65%) ((Fig. 1. H), multisided long cells (9%), roundish
long cells (6%), irregular plates (20%). Luzula sibirica V.l. Krecz. forms multisided long cells (60%), irregular plates (32%) and
toothed long cells (8%) (Fig. 1. K).
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Figure 1. Phytoliths forms. Cyperaceae: conical cells - A) Carex duriuscula; B) C. rostrata; C) C. perfusca; toothed long cells - D)
C. dichroa; G) C. rostrata; roundish long cells - E) C. rostrata;, multisided long cells - F) C. macroura; lanceolate cells - 1) C.
supinga; irregular plates - J) C. duriuscula. Juncaceae: lanceolate cells - H) Juncus compressus, toothed long cells - K) Luzula
sibirica.

Discussion

The main forms of phytoliths for representatives of Cyperaceae and Juncaceae are lanceolate, long cells (mostly multisided),
irregular plates, and for representatives of Cyperaceae they are also well-known conical.

Conical phytoliths are formed in the papillate structures of the sedge epidermis (Mehra et al., 1965), they have the polygonal
base in Carex L. in the top view and are diagnostic to the family (Bobrov et al., 2016). This morphotype is dominant in Carex
species of Western Siberia, but its percentage ratio varies relative to other morphotypes depending on the species. If there is
an active silicification of trichomes and other plant parts in Carex, the participation of conical phytoliths in the phytolith
assemblage of the species is shown below.

Besides the Cyperaceae family, conical phytoliths may also be found in some dicot families (e.g., Euphorbiaceae,
Boraginaceae, Scrophulariaceae), in which they have more elongated shape, larger sizes, and complex ornamentation (Wallis,
2003); and they can be distinguished from the Carex morphotypes.

Long cells are not considered, as a rule, in phytolith analysis as diagnostic forms, because they are formed in various plant
species of many families: Poaceae, Asteraceae, Fabaceae, Mimosaceae, etc. (Thorn, 2004; Wallis, 2003). The exception is
toothed long cells, which are considered the classical phytoliths of grass epidermis. However, recent research showed that
these forms are also formed in conifers, specifically Pinaceae (An, 2016). The significant participation of phytoliths of this form
in Carex of Western Siberia also indicates the need for additional studies of the specificity of this morphotype.

Lanceolate cells are the result of silicification of trichomes (Gol'eva, 2001, Speranskaya et al., 2018) and they are noted for
both the Juncaceae family and the Cyperaceae of Western Siberia. This is the dominant morphotype in Juncus compressus,
because the silicification of other cells in this species is weakly expressed. Besides the Juncaceae and Cyperaceae, lanceolate
are found in significant numbers in the mesophytic species of Poaceae of Western Siberia (Speranskaya et al., 2018), but in
dicots, trichomes are found in only few individual species (Solomonova et al., 2016). Thus, the silicification of these anatomical
structures is more characteristic for monocots.
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Irregular plates are found in plants of different taxonomic groups: Polypodiophyta (Kondo et al., 1994), Euphorbiaceae,
Moraceae, and Scrophulariaceae (Wallis, 2003). They apparently result from the silicification of cell walls and they are weakly
preserved in soils (Silantyeva et al., 2018). At present, the accumulated data do not allow the separation of plates from
Cyperaceae and Juncaceae from other similar forms of other taxa of Western Siberia.

We conclude that the researched morphotypes of phytoliths from Cyperaceae and Juncaceae of Western Siberia have
different degrees of systematic and anatomical specificity.
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