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HIGHLIGHTS
e The rate of phytolith taphonomization within the soil profile tends to increase with depth.
e Greater rates of non-identified taphonomized phytoliths might be associated with soil compaction.

e Taphonomy effects are different on Grass Silica Short Cell Phytoliths and on larger morphotypes.

Abstract: Phytoliths are plant micro-remains found in soils and sediments. Their durability, abundance and
diagnostic morphologies make them reliable environmental proxies, especially when associated with other
biological, chemical, or physical indicators. However, in some cases, phytoliths are the only biological proxy
available on the soil for paleoenvironmental studies, therefore, it requires extra attention to taphonomic
processes affecting these silica bodies’ assemblage. The preservation and conservation of this markers in
the soil is directly linked to the edaphic conditions to which it is subjected over time. Hence, the application
of this proxy requires care in order to avoid misinterpretations, since phytoliths are subject to degradation
and movement within the soil due to soil-plant-water interactions, soil hydrological processes a/nd
bioturbation. In this article we examine the diversity and taphonomic evidence found in an Oxisol’s phytolith
assemblage in search to better our understanding of this silica bodies preservation in tropical soils. The result
shows that the assembly found is very resistant to tropical edaphic conditions, displaying taphonomic signs
such as breakage and corrosion across the profile, with significant increase with depth, pointing to the
phytolith’s early deposition. Also, results suggest that Grass Silica Short Cell Phytolith tend to present more
breakage than corrosion due to its smaller size when compared to bigger morphotypes, which have corrosion
features more often.

Keywords: Phytoliths; Taphonomy; Tropical Soils.
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INTRODUCTION

Paleoclimatic records can be found on the current environments in many forms. Environmental markers
such as phytoliths, pollen grains, sponge spicules and diatoms provide information about past climate and
vegetation. Among these, phytoliths stand out for being a reliable and very resistant proxy found in many
soils. In the past decades phytoliths have been used more frequently in tropical domains, which are
characterized by intense biogeochemical cycling and rich biodiversity that could potentially harm this marker’s
stability in the soil and therefore disturb our understanding of the phytolith assembly and its environmental
significance. Thus, comprehending this proxy’s preservation in soil is a difficult but essential task for the better
use of this tool in paleoenvironmental studies.

Phytoliths are amorphous biomineralizations of hydrated silica (SiO2.nH20), produced by certain types
of plants through silica absorption, accumulation and deposition within and among plant tissue cells,
particularly the epidermis, during the vegetative cycle [1,2]. Upon the plant's death and decomposition,
phytoliths can integrate soils and sediments and might remain preserved if the environment's pH conditions
are between 3 and 9, not causing its dissolution [2-4].

The phytolith record is an important tool in developing paleoenvironmental research. These proxies
present distinct morphologies with taxonomic value, allowing the identification of its plant of origin. Phytoliths
were first identified in the 19th century, but only started being used as bioindicators on the 1970s, mostly in
the field of archaeobotany then on paleoenvironmental studies of climate and vegetation [1, 2, 5, 6].

Phytolith analysis has proven to be trustworthy due to phytolith’s resistance, diagnostic morphologies,
and environmental abundance [7]. Although relatively resistant to weathering, phytoliths can be transported
by water, wind, and animals [3, 6]. However, it is important to emphasize that the analysis of the phytolith
assemblage cannot accurately replicate the diversity of plants from past vegetation cover, as some plants do
not produce phytoliths or do not produce those with diagnostic morphology, or even because these
microremains may not be sufficiently silicified to remain well preserved in the soil [6]. Thus, it is crucial to
know that the scope of this analysis is local and that it should be performed amongst a multiproxy approach,
allowing the comparison and complementarity of data.

Phytoliths are subject to many chemical and physical attacks just like other soil mineral particles, causing
taphonomic processes and translocation [3,7,8]. The theory that phytoliths remain s in sediments and soil
profiles was debunked after many studies proved the vertical movement of the assemblage in different soil
orders [3, 9-11].

Taphonomic investigation’s intent is to have more accurate interpretations of past environments, life and
decay of organisms and the conditions under which they were preserved [11]. Studies on phytolith taphonomy
have been executed in different sites with the intended of comprehending biogenic silica’s movement and
permanence in sail [3, 4, 9-15] still these aspects remain little analyzed when it comes to tropical landscapes.

Phytolith taphonomization can occur pre- or post-deposition in the soil [8, 11]. Pre-depositional processes
include via wind and water movement or though faunal activity e.g., grazing herbivores. Post deposition, silica
dissolution may occur especially in tropical areas, as well as soil erosion and bioturbation [16, 17].

Significant research on phytolith taphonomy has been conducted to comprehend how laboratory
procedures might induce taphonomization in silica cells, alongside with studies focused on determining the
source area of plant microremains and transport induced taphonomization, as well as investigations aiming
to understand the impact of post-depositional and pedogenetic processes on these remains [3, 8, 9, 11 -21].
Recognizing these mechanisms is essential to elucidate the environmental processes affecting phytolith
distribution and preservation.

Soils bear multiple elements and characteristics that provide information about processes it underwent
through several years. The biotic and abiotic records found in soil reveal many ecological phases and events
in a broad timescale. Oxisols are known as pedogenetically well developed, polygenetic and polycyclic soils
[22, 23]. These soils form through processes of laterization and bioturbation which involve intense leaching
of bases and silica as well as particle mixing and burrowing. Faunal activities, as noted by several authors
[13-16, 24-27], can move and rearrange phytoliths, often resulting in broken or corroded assemblages. These
natural processes potentially disturb the original sedimentation of the phytolith assemblage and change
morphological aspects.

Despite recognized as an important factor, research on phytolith preservation and taphonomic processes
in tropical soils, particularly those with clay texture, remains limited. Thus, this article investigates the vertical
distribution and preservation of phytoliths in an Oxisol profile from Western Parand, Brazil, focusing on
distinguishing silica bodies with broken, corroded and with no taphonomical aspects in its morphology in
order to better our understanding of processes that lead to the distribution and preservation of phytoliths intra
soils of this particular environment.
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STUDY AREA

The study area is located in Porto Mendes, district of Marechal Candido Rondon city, Westen Parana,
Brazil, at geographical coordinates of 24°30'25.3"S and 54°18'07.5"W (Figure 1). The site is located on the
Terceiro Planalto Paranaense, a geomorphological unit composed of magmatic rocks from the Cretaceous
period, and in the geological formation known as the Serra Geral Group [28].

This landscape evolved though many tectonic events and climatic variations in the past million years
leading to its current characteristics of tropical and subtropical climates and deep Oxisols formation [28, 29].
According to Koppen'’s classification, the current climate at the study area is Cfa - humid subtropical climate
with hot summers and no dry season. The temperatures are higher than 22°C during summer and under
18°C during the winter, with mean annual precipitation of 1250 to 1500mm [30].

Recently, due to the implementation of Itaip(’s Hydroelectric Power Plant in the Parana River, the study
site became part of a protected riparian area of this water reservoir that was reforested with native Atlantic
Forest (specifically Floresta Estacional Semidecidual phytophysionomy) species around twenty years ago.

54°18'30"W 54°18'0"W

24°30'0"S

A

Parana River- Itaipui Reservoir

24°30'30"S

Legend )
Geographic Coordinate System
4\ Soil Profile Datum: Sirgas 2000.
- Source: Instituto de Terras, Cartografia e Geologia do Parana (ITCG)
Marechal Candido  |nstituto Brasileiro de Geografia e Estatistca (IBGE)
Rondon - PR Image Source: Imagery by ESRI.
Organized by: Carolina G. Beninca; Altair Bennert; Amanda Machado (2023)

Figure 1. Study area. Source: Authors.

A Oxisol profile with clay texture was chosen for being very representative of Western region soils. It is
located at the transition between the area of permanent vegetation preservation of the Parana River and a
crop planting area. The soil’s horizon sequence is A (0-20cm); AB (20-30cm); Bol (30-50cm); Bo2 (50-95¢cm);
Bo3 (95-165cm) e Bo4 (165-200cm).

MATERIAL AND METHODS

Field Procedures

Disturbed soil samples were collected systematically at each 10cm, from the bottom to the top of the
profile, summing up to 20 samples in means of phytolith extraction and analysis of these silica bodies
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morphotypes and its taphonomical features. Disturbed samples of the soil’'s horizons were collected and
described according to procedures stablished in Manual de Descricdo e Coleta de Solos [31] in means of
characterization and classification.

Phytolith Extraction from Soil Samples

The phytolith extraction and identification was conducted at the Laboratdrio Multiusuério de Estudos da
Dinadmica Ambiental — LEDA (from Unioeste campus Marechal Candido Rondon), starting with 4g of fine air-
dried soil and following the methods described in [32] and [33] as method two for elimination of soil organic
matter (SOM), carbonates, iron and aluminum oxides and clay from the soil sample for they may cover the
sample’s phytoliths. The removal of soil organic matter is made using 40ml of hydrogen peroxide, the next
steps consist of the removal of oxides in a hot water-bath by adding dithionite and a solution of citrate and
sodium bicarbonate to the samples. After that, the clay was eliminated through centrifugation. The following
step consisted on phytolith separation trough fluctuation using a high-density solution of sodium polytungstate
(2,35 g.cm™) [32].

After the extraction, the phytolith material was placed in microscope slides for identification and counting
of silica amorphous cell in a Zeiss AxioScope 5 petrographic microscope with magnification of 40x. In each
slide at least 200 morphotypes bigger than > 5um and with taxonomic significance were counted and named
according to the International Code for Phytolith Nomenclature — ICPN 2.0 [34] [35].

The description of phytoliths focused on corrosion and breakage taphonomical aspects. The
morphotypes were grouped according to the taxonomic significance of each group following authors such as
[16, 37-39], and the main Brazilian phytophysiognomy’s reference collections available at LEDA [39-45].

Phytolith Taphonomization Index (I/T)

Following the counting and identification of morphotypes the phytolith taphonomization index,
established by Marcolin, 2022 [36], was calculated. This indicator traces the proportion of taphonomized
phytoliths within the soil profile.

I Identified phytoliths without taphonomical aspects

T Taphonomized phytoliths

RESULTS

The soil's phytolith assembly accounts with 25 distinct morphotypes and shows variations in its
composition and distribution along the Oxisol profile (detailed data available on supplementary material). The
phytoliths identified are: ACUTE BULBOUS, AMEBOID, BILOBATE, BLOCKY, BLOCKY CAVATE, BLOCKY DENTATE,
BLOCKY SINUATE, BRACHIATE, BULLIFORM FLABELLATE, CRENATE, ELONGATE ENTIRE, ELONGATE SINUATE,
POLYGONAL, POLYLOBATE, RONDEL, SADDLE, SADDLE COLLAPSED, SPHEROID ECHINATE, SPHEROID ORNATE,
SPHEROID PSILATE, TABULAR RETANGULAR, TABULAR ELONGATE, TABULAR POLYGONAL, TRACHEID, and
TRAPEZIFORM.

Phytoliths produced by the Eudicotiledonea group predominate throughout the profile, representing an
average of 44% in each soil layer, with a slight concentration at depth (Figure 2). A greater predominance of
Eudicotiledonea morphotypes (>50%) occurs from 170 to 200cm.
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Phytolith Production per Plant Family and Subfamily
Depth (cm)
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Figure 2. Phytolith Production per Plant Family and Subfamily. Source: Authors.

A predominance of Bambusoideae subfamily morphotypes (SADDLE COLAPSED) was observed in the
upper layers (from 10 to 50cm) but it gradually reduces with depth (making on average, only 4% of the
assemblage between 130 to 200cm). A similar scenario occurs with the phytoliths of grass subfamilies,
Panicoideae (BILOBATE and CRENATE) and Chloridoideae (SADDLE), to a lesser extent. The opposite trend is
seen in the assemblage of phytoliths produced by Poaceae in general (BLOCKY, BULLIFORM FLABELLATE and
ELONGATE ENTIRE), which increases in depth.

Pooid (RONDEL and TRAPEZIFORM morphotypes) and Arecaceae (SPHEROID ECHINATE) phytoliths were
identified in smaller quantities in the profile, representing 4.1% and 1.6% of the assemblage, respectively. As
for morphotypes with unknown origin (ACUTE, AMEBOID and TRACHEID) they account for 39% of the litter layer,
but only 3% of the soil profile layers.

The distribution verified in this profile is related to variations in the evolution of the landscape’s vegetation
structure during the Quaternary. The most superficial layers mirror the recent occupation of this site marked
by the substitution of the original land cover, the Atlantic Forest vegetation, for agriculture fields in the past
seventy years of colonization. Recently, due to the implementation of the Itaipt Hydroelectric Power Plant
Reservoir, the area became part of a protected riparian vegetation area and about twenty years ago was
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reforested with native species, from which phytoliths morphotypes are manifested, especially in the litter
layer.

The taphonomized identified phytoliths represent 31.7% of the profile’s assemblage (Figure 3). The
Taphonomization Index shows a tendency of linear increase in tafonomized phytoliths with depth. The Index
varied between 0.1 in the litter layer, 0.25 in the surface layer and 0.38 in the profile base. There are
noticeable peaks in the tafonomization trend, which cause the mean value of the index to be at 0.73. These
peaks at 130 and 170cm might signal greater soil disturbance and in the Bo3 horizon.

Rate of Taphonomized Phytoliths
Depth cm)

Litter
10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190

200

0

S

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0,0 3,0

u |dentified Taphonomized u Not identified Taphonomized  =—@=Taphonomization Index

Figure 3. Taphonomization Rate and Index. Source: Authors

The increase on the proportion of corroded and broken phytoliths (taphonomized cells) not identified,
especially in the Bo2 and Bo3 horizons, indicates a longer residence time of phytoliths in the soil profile. The
exposure to pedogenetic processes for longer likely led to the increase in these taphonomic characteristics.
The Bol horizon showed a higher rate of non-identified taphonomized phytoliths which might be related to
mixing and compactation of this soil layer because by previous occupation and use of mechanized agriculture
before the displacement of this activities with the emergence of Itaipu’s lake.

Amongst the phytolith cells, the grass silica short cell group (GSSCP) such as BILOBATE AND SADDLE
presented itself more broken than corroded but overall, less taphonomized than other morphotypes (Figure
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4). Larger surface morphotypes like BLOCKY, BULLIFORM FLABELATE and TABULAR show signs of corrosion
more frequently (Figure 5).

Taphonomized Phytoliths per Morphotype

AcuTE BuLBOoUs POLYGONAL

TABULAR
BRACHIATE
TABULAR ELONGATE
BULLIFORM
FLABELLATE

ELONGATE ENTIRE

TRACHEARY
ELONGATE SINUATE

ELONGATE DENTATE TRAPEZIFORM

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

®mBroken » Corroded ® Non-Taphonomized

Figure 4. Broken, Corroded and Not Taphonomized Phytoliths Cells Per Morphotype. Source: Authors.

Figure 5. Broken and corroded phytolith examples (red circles indicate breakage points): A — BILOBATE; B — POLYGONAL;
C- SADDLE COLLAPSED; d -BILOBATE € - TABULAR; f — TABULAR POLYGONAL; g — CRENATE; h — BLOCKY; i — ACUTE; j —
TABULAR ELONGATE; k — ACUTE BULBOUS; | — TABULAR RETANGULAR; m — BLOCKY SINUATE. Source: Authors.
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DISCUSSION

Taphonomized morphotypes can be accessed to provide a bigger picture of environmental dynamics,
revealing paleoenvironmental aspects regarding pedogenic process and the soil’s evolution. Researchers
assess the mean residence time of phytoliths in soils qualitativelly by observing corroded, broken and burned
phytoliths. This approach often reveals a higher rate of taphonomized phytoliths in the subsurface, suggesting
that these phytoliths have been in the soil for longer [4; 46]

There once was an hypothesis of phytolith immobility after its deposition in soil, but the vertical movement
of this cells has long been verified in different soil orders [10,14]. In soil, phytoliths behave as particles of silt
and fine sand due to their size range, being vulnerable to translocations [47]. In tropical environments, the
reworking of soil particles by faunal activity is intense enough to disrupt the chronological order of phytolith
particles deposition, possibly causing inconsistences in data and interpretations [4,48].

The larger frequency of taphonomized morphotypes identified at depth in the Porto Mendes Oxysol
profile corroborates the logic of an increase in the average age of phytoliths in the profiles [48, 49]. Similar
scenario was observed by [36], also in Parana state soil. According to the author, this distribution is related
to soil’s texture, macroporosity and water circulation in the profile.

It is known that pH conditions that favor phytolith dissolution are under 3 and over 9 [2], [50] compared
the phytolith assemblages of different modern soils, showing that acid soils maintain these proxies better
than pyroclastic and saline-alkaline soils. The taphonomization rate and index verified in the Oxisol profile
under study seem to reflect the stage of weathering, and the moderate acidity and the typical presence of Fe
and Al oxides and hydroxides found in these soils and that often cover the mineral particles, making it difficult
for them to dissolve, and possibly having the same effect on phytoliths [47, 51, 52].

Many other factors may interfere in this process, such as the shape, size and the degree of silicification
of the phytolith cell as noted by [49]. A study conducted by [53], showed that the mineral’s solubility of which
the microremains are made of, their robustness, the water regime, and the locus of soil formation have an
impact in its preservation in soil.

[54] verified that the translocation of phytolith in the soil profile is related to the morphotype size, smaller
cells such as GSSCP are moved preferentially, tabular, blocky and bulliform cells are less translocated than
those. Therefore, it is expected to have a bigger number of this morphotypes in depth and a decrease in
larger phytoliths, which is not verified in this case but the opposite scenario. This could be simply related to
the sedimentation of these micro remains, and the tendency suggested by the authors could be occurring in
a smaller scale.

According to [12,13, 54], the phytolith’s distribution pattern is conditioned by soil texture, which in turn
affects bioturbation. The occurrence of taphonomized phytoliths throughout the soil profile suggest the activity
of the edaphic fauna could be moving older and more taphonomized phytoliths from depth to surface layers
[19, 43].

Corrosion being a predominant feature in of larger phytoliths is associated with its robustness when
compared to other shapes of phytoliths. Same was noted by [55] in Oxisol profiles of Parana. Abundance
and over-representation of larger morphotypes has also been indicated in studies [53] and [56].

CONCLUSION

The distribution of taphonomized phytolith cells provides insights into not only the soil formation
processes over time but also the broader environmental implications of these processes. In the study area,
diagnostic morphotypes of Eudicot phytoliths are predominant, especially at the bottom of the soil profile,
indicating their presence and abundance in the vegetative cover of past periods.

The persistence of taphonomized phytoliths at various depths suggests that these silica bodies can
remain in the soil for extended periods, even under intense tropical weathering conditions. This enduring
presence influences nutrient cycling and soil formation, since the silica percentage in solil is increased by
these micro-remains.

Corrosion is the predominant form of taphonomization in larger morphotypes, more frequent than
breakage, likely due to their larger surface areas and possibly lower degrees of silicification. In contrast,
smaller phytoliths more commonly exhibit cell breakage. Bigger rates of non-identified taphonomized
(corroded and broken cells) phytoliths occurred associated with a compacted soil layer.

The chronology and environmental implications of these phytolith assemblies are subjects of ongoing
research. Future studies will focus on the potential movement of phytoliths within the soil profile due to faunal
activity, such as bioturbation.
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