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ABSTRACT
A study of diatom and phytolith assemblage from the 78cm long sediment
core of the Tarna Satighat Lake of the Umrer Taluka, Nagpur district was done to
reconstruct the past trophic status and the variability in the wet/dry climatic phases
since the last few decades. The present research work has revealed the occurrence
of total 27 species belonging to 18 genera of diatoms representing all the units i.e.
Unit I (bottom) to Unit VII (top). The abundant centric diatom taxa discovered from
this sediment core were Aulacoseira granulata, Cyclotella meneghiniana
andDiscostella stelligera while, Cymbella tumida was only dominant pennate species.
Similarly, dumbell, crenate, saddle, cross, and elongate were the main phytolith
morpho-types recorded in this sediment core.The diatom and phytolith assemblages
have revealed the changingtrophicstatus caused bythe variable strength of wet and
dry climatic phases and partly by the anthropogenic activities.
Keywords: Diatoms; Phytoliths; paleoecology; wet and dry climate, Tarna-

Satighat Lake; Nagpur district.
INTRODUCTION
Lakes are very precious natural resources as they hold the major portion of freshwater
deposits of the world, which have also been used for recreational activities (Garrison and
Laliberte, 2010; Labaj et al., 2018; Parkinson and Gordon, 1999; Schroeder et al., 2016). The
study of the lakes is of utmost importance as they are associated with varied aquatic habitats,
which are dependent on the availability of nutrients in the form of food (Michelutti et al., 2015;
Santos et al., 2017; Saros and Anderson,2014; Tierney et al., 2010). Thus, the lake ecosystem
may undergo quick environmental changes through time, which may further deteriorate with
the myriad anthropogenic activities in the form of enhanced agricultural practices, soil
amendments, deforestation etc. (Randsalu-Wendrup et al., 2016; Saulnier-Talbot, 2016;
Waters et al., 2016; Mills et al., 2017). The siliceous microfossils such as diatoms, phytoliths
and chrysophycean algal cysts commonly occur in freshwater aquatic systems. While, diatoms
are present in all types of aquatic environments such as freshwater, brackish and marine.
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Diatoms are unicellular microscopic algae mainly made up of two beautiful valves
(frustules) of opaline silica and range in size from 2 µm to 200 µm length or diameter and
reproduce very fast maintaining their dynamic population (John, 2014a). They have been very
regularly used as indicators of water quality and utilized to reconstruct the past environmental
conditions across the world due their extraordinary preservation as microfossil and sensitivity
to changing nutrient concentrations, pH, conductivity etc. (Mann, 1999; Stoermer and Smol
1999; Wee et al., 2005; Smol and Stoermer, 2010; John, 2014b). The fossil diatoms of the
lacustrine sediments may be used to study the climate change on the basis of the data derived
from the well-established relationship of the environmental parameters and the diatom
population (Saros and Anderson, 2014).
Phytoliths are robust structures of microscopic opaline silica present within the plant
cells that are only subjected to corrosion and subsequent dissolving under the alkaline status
prevailed for extended durations (Alexandre et al., 1997; Albert et al. 2003; Eksembekar, 2009;
Kajale and Eksembekar, 1997; Jenkins and Rosen, 2006; Pearsall et al., 1985; Piperno, 1988;
Saxena et al., 2013; Strömberg et al., 2018). They are comparatively stable in sediments and
soils for longer duration due to their inorganic composition and therefore, used as a significant
tool to study palaeoclimate and paleoenvironments (Luz et al., 2019; Alexandre et al., 1999;
Calegari et al., 2013). Phytoliths are silica particles that deposit within cell or between cells of
living plant tissues and ranges from a few micros to about 150 microns (Houyuan and KamBiu, 2003). Phytoliths are distinguished with the two lobes connected by a shank and studied
on the basis of (i) the shape of the outer margins of the two lobes and (ii) the length of the
shank in the lobate structure (Singh et al., 2007). Some of the common forms of the phytoliths
are collapsed saddle, bilobate, undulatifolius, trapezoid, rondel, wild rice bulliform cell and
cross type (Singh et al., 2007). In the recent times, there is a surge in the studyof water quality
and trophic status of various wetlands and lakes of the India including paleoclimatic condition
(Tripathi et al., 2017; Thakur et al., 2018; Humane et al., 2019). The phytoliths have also been
used as a proxy to understand the past climate (Alexandre et al., 2018; Rashid et al., 2019).

Fig.1: Google Earth Image of Tarna - Satighat Lake showing core location
(*sediment core location).
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The present work mainly deals with the investigation of diatoms and phytoliths to
ascertain the past trophic status changes coupled with variation in climatic conditions over the
catchment area of the Tarna-Satighat Lake (Latitude, 20o 55’ 12” to 20o 55’ 60” and Longitude,
79o 23’ 10” to 79o 27’ 32”), Umrer Tehsil, Nagpur district, Central India (Fig. 1). The TarnaSatighat Lake is situated at about 64 km in the south-east of the Nagpur city of the
Maharashtra state, Central India. The study area falls in the monsoonal core zone (MCZ) and
the agriculture of the region has been influenced by the rainfall caused by the seasonal
southwest monsoon. Therefore, the study of the past precipitation and drought episodes in
the region is of utmost importance.
Rainfall and Climate: The climate of the Nagpur district varies from summer, winter and rainy
seasons. During the summer the temperature of the region reaches about 40o to 48o C through
March, April, May and June. The rainy season starts from the month of July to September with
the average rainfall of about 1200-1500mm. During the winter season, the temperature varies
around 30o C. This region occasionally receives the winter rainfall due to the effects of the
south-west monsoon (Deshpande, 1998).
Geomorphology and Geological Setting: The geomorphologic study of the region mainly
shows the presence of pediplain, pediment zone and structural hills/ residual hills (DRM,
2000). The land use of the catchment of the Tarna Satighat Lake shows thick to moderately
thick, mixed forest in addition to un-irrigated land (DRM, 2000). This moderate to thick forest
is mainly present at west, south and east sides of the lake, while the northern region mainly
has hilly terrain (DRM, 2000). A small rock bund was also built at the northern side to elevate
the water storage capacity of this lake. The Tarna-Satighat Lake is situated at the elevation of
940ft and receives water mainly through monsoonal rains and seasonal streams from July to
September months.
The geology around the Tarna-Satighat Lake has been represented by the rocks of
the Sakoli Group consisting of chlorite schist, sericite, quartzite, slates, phyllites and
metavolcanics (Deshpande, 1998; DRM, 2000). The Archeans of the Nagpur district are
represented by the metamorphic and the crystalline rocks frequently hidden beneath a large
thickness of alluvium and soil, deposited by the tributaries of the Kanhan and the Wainganga
rivers (Gwalani et al., 1988).
MATERIALS AND METHODS
A systematic sampling of the sediment core (N- 20o 53’ 22.81”, E - 79o 25’ 08.34”)
from the Tarna-Satighat Lake was done during the month of May 2010. A 78 cm long
sediment core was collected by using a PVC pipe of 4 inch diameter from the Tarna-Satighat
Lake (Fig. 1). This core was further cut and subdivided into the seven units (Fig.2) i.e. Unit I
(bottom) to Unit VII (top). The various units representing the different depths of a core are as
follows: Unit-I (~78cm- 70cm), Unit-II (~70cm - 60cm), Unit- III (~60cm - 50cm), Unit-IV
(~50cm – 42.5cm), and Unit V (~42.5cm - 35cm), Unit – VI (~35cm - 20cm), Unit- VII (~20
cm- 0 cm). These sub samples were used for the enumeration of diatoms taxa and various
forms of the phytoliths. The topmost part of the sediment core is compared with the year
2010AD considering the year of sample collection. Though, the direct dating of the present
sediment core was not done, but the attempt has been made in the present study to compare
rate of sedimentation of the Bodhalkasa Lake, which has the similar type of Precambrian
rocks belonging to the Sakoli Group, the climatic setup and forest area at the Tarna- Satighat
Lake catchment. Humane et al. (2016) have studied the rate of sedimentation of Bodhalkasa
Lake as 0.6797 cm/year considering the constant rate of sediment supply model. Thus,
applying this rate of sedimentation for the Tarna- Satighat Lake, the above units were broadly
compared with the aquatic changes for the past ~60 years since 2010AD.
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Fig. 2: Profile of a sediment core profile of the Tarna-Satighat Lake.
The maceration of these sediment samples were done to study the diatoms and
phytoliths by preparing the slides following the standard methods given by Battarbee (1986).
The microphotography and identification of diatom taxa and various forms of the phytoliths
was done to understand the past trophic status changes in relation to palaeoclimatic variations
in the catchment of the Tarna Satighat Lake.
Maceration of Sediment Samples: About 1 gm of sediment samples of each unit were
taken into the separate beakers and about 5 ml of dilute HCl was added to it to remove
carbonates. The process was repeated till effervescence stops. These treated samples were
washed with distilled water (2-3 times at 3 hours’ interval). About 10 ml of hydrogen peroxide
i.e. H2O2 (30%) was added to remove the organic matter from the sediment samples. These
samples were boiled for 5 to 10 minutes to speed up the process of digestion of organic
matter. The acidified samples were repeatedly washed with distilled water till all the traces
of acids were removed (Battarbee, 1986).
Preparation of Diatom/ Phytolith Slides: These macerated samples were used to make
the diatoms and phytoliths slides. One drop of the polyvinyl alcohol was added into the
solution of macerated samples. A drop of it was put on the cover slip of 22mm X 40mm using
dropper and spread by needle gently and allowed it to dry. The cover slips were allowed to
air dried and subsequently observed under the microscope at 63X magnification to make
sure that the slides are made properly or not. These cover slips were further mounted on the
glass slides of 75mm X 25mm with the help of DPX mountant. Thus, the prepared slides
were studied under the microscope with 63 X and 100 X (oil) magnification (Battarbee, 1986).
Finally, the microphotography and identification of diatoms, phytoliths and chrysophycean
algal cysts were done (Karthick et al., 2013; John, 2014; Round et al., 1990; Piperno, 2006).
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Fig. 3 a) Craticula subcapitata (TSLC8i); b) Stauroneis anceps (TSLC-8iii); c) Stauroneis
patchycephala (TSLC-8ii); d) Stauroneis patchycephala (TSLC-7i); e) Pinnularia
borealis (girdle view) (TSLC -7); f) Pinnularia subcapitata (TSLC -8i); g) Surirella tenera
(TSLC -8); h) Amphora australiensis (TSLC- 8ii); i) Pinnularia maior (TSLC -5); j)
Surirella angusta (TSLC- 8); k) Pinnularia maior (TSLC -6); l) Discostella stelligera
(TSLC-7);
m) Cymbella sp.(TSLC-7);
n) Discostella
stelligera (TSLC8ii);
o) Stauroneis anceps (TSLC- 5); p) Discostella stelligera (TSLC- 7); q)
Chrysophycean stomatocyst (TSLC-1); r) Discostella stelligera (TSLC- 7ii).
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Fig. 4: a) Aulacoseira granulata (TSLC-7); b) Elongate echinate (long cell) Phytolith(TSLC-2);
c) Trapezoid Phytolith (TSLC-2); d) Chrysophycean stomatocyst (TSLC-3); e) Collapse
saddle Phytolith (TSLC-5); f) Discostella stelligera (TSLC-8); g) Elongate echinate
(long cell) Phytolith (TSLC-4); h) Bilobate Phytolith (TSLC-3); i) Elongate echinate
(long cell) Phytolith(TSLC-1); j) Collapse saddle Phytolith (TSLC-4); k) Collapse saddle
Phytolith (TSLC-3); l) Rondel Phytolith (TSLC-4); m) Aulacoseira granulata (TSLC-1);
n) Saddle Phytolith (TSLC-1).
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RESULT AND DISCUSSION
Diatoms - Phytoliths Stratigraphy and Trophic Status:
The present research work has revealed the presence of total 27 species belonging to
17 genera of diatoms representing all the units i.e. Unit I to Unit VII. The selected common
diatom species recovered from the core sediments of the Tarna-Satighat Lake is shown in the
Fig. 3 and 4.
On the basis of the shape of the outer margins of the two lobes, the length of the shank
in the lobate structure, crenulations and lengths, the different types of phytoliths are discerned.
Some of the common morphotypes of phytoliths of Grass family observed in the present study
are Cross, Dumbell (Bilobate) and Crenate belonging to the Panicoideae subfamily, while
Saddle type of the Chloridoideae subfamily and trapezoid, rondel, oblong, crescent and
circular types belong to the Festucoid (Pooid) subfamily (Twiss, 1987). The phytoliths
representing the subfamily Panicoideae are mainly present in C4 grasses and indicate warm
temperature with high soil moisture content, while the phytoliths of Chloridoideae thrive in C4
grasses grown in warm temperature and low soil moisture content. Similarly, the phytoliths
belonging to the subfamily Festucoideae (Pooid) are mainly found in C3 grasses formed in
cool temperatures with high available soil moisture (Twiss, 1987).
The phytoliths belonging to the sub-families Bambusoideae and Arundinoideae have
the overlapping morphotypes. These subfamilies possibly represent the elongate class of
phytoliths including morphotypes like collapsed saddle and bulliform (wild rice). The silica
deposition in the epidermal long cell is mainly controlled by presence of water in the
surrounding region without any influence of the genetic factor, while the deposition of silica
bodies in the lumen of short cell is mainly governed by the genetic factor irrespective of
occurrence of water (Blackman and Parry, 1968; Piperno, 1988; Weisskopf et al., 2014). Thus,
the preponderance of elongate phytoliths supports the wet seasons. The phytolith
morphotypes like dumbell, crenate and cross indicate the abundance of C4 - grasses in the
catchment under warm and high moisture content, while the saddle types of phytoliths grows
commonly under warm but low moisture content environment (Twiss, 1987). The various forms
of phytoliths and chrysophycean stomatocysts studied in the present work are shown in the
Fig. 4.
The stratigraphic distribution of the diatoms recovered from the Tarna-Satighat Lake
core was represented by the 27 dominant diatom taxa covering entire length of ~78 cm (Fig.
5). Similarly, the stratigraphic profile of the phytoliths studied from the Tarna-Satighat Lake is
provided in the Fig. 6. The bottom most part of the sediment core (~78cm-70cm: Unit I) shows
few centric diatom Aulacoseira granulata along with some chrysophycean stomatocysts and
the dominant phytolith forms such as bilobate (dumbell), crenate and rondel (Figs.5, 6). A.
granulata is most commonly found in the more eutrophic, shallow waters with less stratification
during summer (Stoermer et al., 1995). Thus, the presence of some A. granulata in this unit
indicates the existence of the stressful condition due to low precipitation leading to fall in lake
level and increased anoxia of the Tarna-Satighat Lake at this depth (i.e. about ~60 years ago).
The prevalence of the stomatocysts also corroborates the stressful conditions due to low
precipitation or dry periods over the lake. The dominance of the phytoliths of C4 grasses such
as bilobate (dumbell) and crenate indicate the warm temperature and the high soil moisture
content (Twiss, 1987; Fig. 6). The low to moderate concentration of elongate phytolith forms
also indicates the availability of low moisture content during the deposition of the Unit I owing
to the low precipitation or the presence of dry period. The depth ranging from ~70cm - 50cm
(Unit II and Unit III) shows the abundance of Nitzschia microcephala, stomatocysts (Fig. 5)
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and phytolith forms such as bilobate (dumbell), crenate, cross, saddle and elongate (Fig. 6).
The prevalence of the stomatocysts in these units may be due to stressful conditions due to
the possible dry period with the less scope for the diatoms and other aquatic organism to grow
as evident by the presence of the only diatom species N. microcephala at this depth (Fig.
5).The low to moderate concentrations of dumbell, cross and saddle phytolith forms along with
moderate content of elongate phytoliths point the development of aquatic grasses under warm
climate with moderate precipitation and partially dry period at this depth (Fig. 6).The depth
~50cm to ~35 cm (Unit IV and Unit V) displays shift in the diatoms with the appearance of
pennate types such as Diploneis ovalis, Pinnularia major and Stauroneis anceps (Fig. 5). The
increased concentrations of P. major indicate circum-neutral to slightly alkaline lake water at
this depth. The development of circum-neutral to slightly alkaline condition may be attributed
to excessive deposition of organic matter in lake derived from the forest area present in the
catchment of this lake making its pH slightly alkaline. These units are also represented by high
proportions of cross phytolith type and moderate concentration of elongate and saddle forms
(Fig. 6). The prevalence of these phytoliths in the units IV and V suggest the presence of the
warm temperature and moderate moisture content with the moderate precipitation period. The
depth ~35cm to ~20cm (Unit VI) shows the dominance of the chrysophycean stomatocysts,
Amphora ovalis, Pinnularia borealis, Pinnularia viridis and Stauroneis dubitilis (Fig.5). The
abundance of benthic species A. ovalis with few planktonic forms indicate shallow alkaline
mesotrophic freshwater environment (Gasse and Tekaia, 1983; Zalat, 2000;
www.environement_agency.gov.uk).
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Fig. 5: Range chart of diatom species from sediment core of Tarna Satighat Lake.
The proliferation of Pinnularia borealis indicates the slightly alkaline environments with
the rise in the concentration of the organic matter at this depth. The dominance of
stomatocysts shows change in lake level, seasonality and salinity indicating persistence of
stressful condition (Bonomo et al., 2009). The abundance stomatocysts in this unit strongly
supports fall in the lake level due to the low rainfall. This is also corroborated by absence of
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planktonic diatoms with the presence of only benthic diatoms. The saddle type are the most
common phytoliths in this unit with moderate content of elongate types along with some
dumbell, crenate forms (Fig. 6).
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Fig. 6: Range chart of phytoliths from sediment core of Tarna Satighat Lake.
Thus, this unit clearly points its deposition under warm temperature and moderate
precipitation to dry periods. The topmost part of the sediment core ranging from ~20cm to 0
cm (Unit VII) shows presence of abundant centric diatoms like Aulacoseira granulata,
Cyclotella meneghiniana, Discostella stelligera and pennate diatom, Cymbella tumida (Fig. 5).
A. granulata is generally present in the less transparent waters owing to their light saturation
intensity (Talling, 1957). The waters with the increased nitrogen conditions are also suitable
for the development of A. granulata (Kilham and Kilham, 1978). The increased diatom diversity
with the dominant taxon like Aulacoseira granulata suggests increased productivity of the lake
with regime shift from the slightly alkaline to very alkaline, mesotrophic to eutrophic water
quality. The common phytolith forms in these units are dumbell, crenate and cross with the
declined elongate types (Fig. 6). The decline in elongate type with the abundant dumbell and
crenate phytoliths points the presence of C4-grasses developed under warm temperature and
moderate to high precipitation. Thus, the overall study of the stratigraphic profile of the diatom
taxa and phytoliths from the Tarna-Satighat Lake core revealed the changes in the
environmental condition influencing its water quality, trophic status, nutrient availability which
could also be affected by anthropogenic activities.
CONCLUSION
The sediment core study from the Tarna –Satighat Lake clearly revealed its changing
trophic status mainly influenced by the varying environmental conditions for the last several
decades. The prevalence of the stomatocysts andthe low to moderate concentration of
elongate phytolith forms indicate low precipitation or dry periods during the deposition of the
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Unit I (i.e. ~60 AD; ~78-70cm depth) over the catchment of the Tarna-Satighat Lake.The
prevalence of the stomatocysts, the low to moderate concentrations of dumbell, cross and
saddle phytolith forms along with moderate content of elongate phytoliths and few diatom
speciesin these units indicate the stressful conditions due to the possible dry period under the
warm climate with moderate precipitation at this depth (~70cm-50cm depth). The lake was
further changed to circum neutral-slightly alkaline linked with the warm temperature and
moderate precipitation condition (~50cm-35cm depth). The Tarna-Satighat Lake was further
transformed to shallow alkaline, mesotrophic freshwater environment under the persistent
stressful condition and fall in lake level due to longer dry period and the low rainfall (~35cm20cm depth).The topmost part of the sediment core (recent time period: ~20cm- 0cm
depth)indicates the increased productivity of the lake with shift in the regime from the slightly
alkaline to very alkaline, mesotrophic to eutrophic waters under the warm temperature and
moderate to high precipitation condition.
Repository: The diatom and phytolith slides studied in the present work are kept in the Applied
Micropaleontology Laboratory of Department of Geology, Rashtrasant Tukadoji Maharaj
Nagpur University, Nagpur.
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