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Abstract: The north coast of Central Java often experiences floods annually caused by land use 
functions as riparian zone turned into industrial and residential areas. Flooding in Tuntang River 
can be categorized into upstream floods, local floods, and tidal floods. The study investigates 
flooding records in Tuntang River based on diatoms. A hundred sediment sample cores were 
collected from 2 sites, slicing within intervals of 10 cm. Diatom digestion using HCl and H2O2 10%. 
The discovery of marine diatom species in all layers indicates that the Tuntang River has 
experienced tidal flooding. 
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1. Introduction 

On the north coast of Central Java frequently occurs 
flooding annually caused by climate change and human 
activities, involving the development of industrial areas, land 
clearing for shrimp ponds, and community settlements1). 
Flooding is causing several detrimental impacts on the 
environment particularly in soil load enhancement causing 
land subsidence. Therefore, the several floods that happen in 
the area involve local floods, upstream floods, and tidal 
floods. 

Indonesian floods are frequent several in frequency, 
intensities, and areas affecting over the last ten years due to 
detriment to the land and watersheds.2). The previous study 
by Rudiarto, Handayani, and Setyono3) found that floods, 
tidal floods, and droughts were most common in coastal 
settlements in Central Java. In the urban area of Central Java, 
urbanization appears goes to rapidly due to its strategic 
geographical location supporting a high level of human 
activity. 

Furthermore, watersheds along the north coast of Central 
Java Province are deemed critical for hydrometeorological 
disasters such as flooding. Based on 2014 to 2018 data from 
the Ministry of Public Works and Housing, 368 cases of 
flooding in Central Java Province, which only appear to be 
increasing4); this phenomenon also affects the freshwater 
supply5). In particular, 15 floods occurred on the Tuntang 
River (2014-2018). In 2014, the flood caused the 
embankment to collapse and inundated settlements as high 
as 3 m in Grobogan Regency6). According to the 

Environment and Forestry Office of Central Java 
Province, the frequency of flooding on the Tuntang 
River is in the persistent category (>1 incident/year)7). 

The Tuntang River originates in Lake Rawapening 
and empties into Demak Regency, flowing through 
three sub-districts in Demak Regency: Karang Tengah 
District, Demak District, and Bonang District. The 
Tuntang River experienced 13 floods that happened in 
2018 causing local activities disruption. 

The Tuntang River overflow is caused by a 
continuous process of sedimentation carried by the 
river flow, both from the Tuntang River itself and from 
the Tuntang River's branching streams, such as the 
Bancak River and the Senjoyo River. The land use 
transformation significantly affects Tuntang River 
siltation where previously, a large amount of water was 
absorbed (infiltrated), and the surface runoff became 
small. However, as land use changes, surface runoff 
increases, causing the river to be unable to 
accommodate the water discharge9). 

Tidal floods occur at the time that entering of 
seawater into the mainland, usually during the full 
moon when the sea level risess8). The happening of 
floods is taking time to recede for 8-24 hours, therefore 
transportation disruption; The last incident of flood 
occurred in early January 2023, causing several 
disruptions that inhibits transportation, especially since 
the train line on the north coast was paralyzed due to a 
pool of water that covered the train line.  Rising 
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seawater towards the mainland also causes seawater 
intrusion. Saltwater intrusion is the impact of lowering the 
groundwater level in coastal areas; this process is caused by 
cones of depression and ascension in the groundwater 
system10). The impact felt by the people of Demak is that the 
groundwater used for community needs tastes salty. Tidal 
floods also cause shoreline changes of -553.3 – 20.4 
m/year11). Inundation caused by tidal floods was also 
recorded up to 0.25 meters. This condition has a direct effect 
on increasing seawater intrusion into free aquifers12),13). 

The study examined recordings of water conditions in the 
Tuntang River to determine the history of flooding using 
diatoms. The findings from this research are expected to 
become an early warning system for the community and the 
government in dealing with floods. The benthic diatom 
community's ecological preferences and biological 
characteristics are filtered by selected adaptations and habitat 
constraints14),15),16). Organic pollution, eutrophication, flow 
velocity, and other factors influence the distribution pattern 
of benthic diatom communities16),17). Diatoms are helpful 
indicators due to their short life cycle and rapid response to 
environmental changes18). 

Floodwaters may directly impact the wetland algal 
assemblage by acting as a source of colonisers that develop 
within the wetland during and after flooding. Several studies 
have discovered riverine taxa deposited in wetland surface 
sediment after flood events19),20),21),22),23). Floodwaters also 
have indirect effects, such as flushing out wetland algae or 
changing environmental conditions (e.g., turbidity, nutrients, 
sediments)24),25), so that the pre-flood assemblage is no 
longer favoured and a different set of species can dominate26). 

Two sites used as coring points are located 10 km (site 1) 
and 8 km (site 2) from sea. Because the location point is still 
classified as freshwater, tidal floods can be proven if marine 
diatom species are found in the sediment. Several diatom 
species, such as Nitzschia palea and Synedra ulna, live in 
freshwater27), and Chaetoceros sp., which live in marine 
waters, have specific habitats that can be used as 
environmental indicators28). Among the studies are 
chronological studies to establish a reliable age-depth 
model29),30),31),32),33), pollen34),35),36), seawater intrusion37),38) 
and human impact39),40),41). 

 
2. Material and Methods 
2.1 Study Area 

Demak Regency is located at 6º43'26" - 7º09'43" S and 
110027’58” - 110048'47" E. Demak has an area of ± 
1,149.07 km², consisting of ± 897.43 km² of land and ± 
252.34 km² of ocean42). The Tuntang River rises in Lake 
Rawa Pening and flows downstream through Ambawara 
Regency, Semarang Regency, Grobogan Regency, and 
Demak Regency43). While downstream, the river flows 
through Karang Tengah District, Demak District, and 
Bonang District before emptying into the Java Sea. 

Demak's history was on the edge of the Java Sea in the 
15th century (figure 1). Demak, Jepara, and Semarang 
regencies used to have boat stops, with Jepara as the center. 

During the Demak Kingdom, ships used the Tuntang 
River as a trade route. This river used to be 30 meters 
wide, allowing large ships from Java Sea to pass 
through. During the colonial period, the Tuntang River 
frequently overflowed, causing flooding in Demak 
Regency, so an embankment was built in the Ploso area 
of Wonosalam District, directing the flow to Bonang 
District and eventually into the sea44), 45). 

 

 
Fig. 1: Reconstruction Map on Java Island 

 
Locals use the Tuntang River for agriculture, 

plantations, ponds, and boat transportation. Rice 
(677,010 tonnes) from a paddy field area of 21,783 ha 
dominated agricultural products, while plantations 
produced tobacco (2,047.15 tonnes) from an area of 
2,027 ha. The ponds were dominated by mackerel 
(Rastrelliger sp.) and anchovies (Stolephorus indicus) 
(1,913,687 tonnes) (1,861,864 tons). This has not been 
supplemented by residential and industrial 
development because Demak Regency's population 
increased by 0.69% between 2020 and 202146). 

Sampling was conducted on January 26, 2021, using 
the purposive sampling method. Purposive sampling 
determines site locations based on differences in 
location characteristics47). Site 1 (code T1) is near the 
Pantura Semarang-Demak highway, and site 2 (code 
T2) is near a rice field area and close to a sewage pipe 
(figure 2). 

 

 
Fig. 2: Two research sites for collecting sedimen samples 
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2.2 Data Collection 

The dissection corer method was used to collect sediment 
on the riverbank at sites 1 and 2 to a depth of 100 cm each. 
The sample was then transferred to pipe slats and wrapped in 
plastic before being transported to Diponegoro University's 
Integrated Science Laboratory, Faculty of Science and 
Mathematics. To preserve the stratigraphic layer, the 
sediment was cut into 1 cm slices and placed in zipped plastic 
that had been labeled before being frozen at -4oC. Twenty-
two samples were analyzed vertically with intervals of 10 cm 
at each site. Diatom digestion uses the Soeprobowati 
method48) by heating it using 10% HCl and 10% H2O2 for 2-
3 hours to separate the diatoms from organic and inorganic 
particles. Aquades solution is used to wash sediments treated 
with acid. Sample preparation using naphrax with a 
refractive index of 1.73. Observations were made with a 
Yazumi XSZ-107 microscope with a magnification of 1000x 
and identification using references Krammer and Lange-
Bertalot49),50),51),52),53),54),55), Gell56), Sonneman et al.57), Taylor 
et al.58),59), Bahls et al.60), Bahls et al.61), and a photographic 
view via AlgaBase.org62) and the diatoms.org website63). 

 
2.3 Data Analysis 

The biological index is calculated using the Shannon-
Wiener diversity index (H'), evenness index (e), and 
dominance index (D). The three indices were computed 
using PAST 4.12 software64), Microsoft Excel 2013, and C2 
1.7.7 for distribution visualization65). The dissimilarity 
coefficient, Bray-Curtis distance, was used to delineate 
stratigraphic zones of similar diatom assemblages. The Bray-
Curtis dissimilarity is sensitive to species abundance 
differences, with abundant species being weighted more 
heavily than rare species66). Diatom counts from each site 
were expressed as relative abundances to account for the 
effects of rare species. All diatom taxa with fewer than two 
occurrences and a percentage of less than 2% were deleted 
from the database67). 

 
3. Results 

A total of 87 species were found at both sites, with 
Nitzschia palea having the highest proportion of species at 
site 1 and Fragilaria crotonensis having the highest 
proportion of species at site 2 (figure 3). Species with a 
relative abundance value greater than 2% (> 2%) are 
considered capable of describing the environment68).

 
Fig. 3: Diatom abundance comparison from two sites 

 
The Shannon-Wiener diversity index in site one 

ranges from 1.92-2.78, and site two ranges from 2.16-
2.99, indicating that environmental conditions are still 
favorable. The evenness index (e) is in the 0.36-0.50 
range, and site 2 has a 0.39-0.59 range, meaning that 
the species distribution is low to moderate. The 
dominance index (D) ranges in site one from 0.11-0.21 
and from site two from 0.08 to 0.18, indicating that no 
species is dominant (figure 4). 
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Fig. 4: Shannon-wiener, evenness, dominance index from two 

sites  
 

The results of dividing the proportions of diatoms at site 1 
are based on Guiry and Guiry62). They classify diatoms into 
six habitats, namely freshwater, brackish water, marine water, 
fresh brackish, fresh marine, and freshbrackishmarine so that 
the graphical proportions can be seen in figure 6. Marine 
species were not found at depths of 30-60 cm, indicating that 
at that depth, it is assumed that tidal floods does not reach the 
site. However, at 30 and 40 cm, diatoms living in brackish 
water were found, indicating that intrusive currents at that 
depth only carry brackish species (figure 5). 

 

 
Fig. 5: Proportion between diatom habitats  

 
The proportion of diatoms at site 2 revealed that 

there was no marine species but found brackish species 
only at depths of 30 and 40 cm, indicating that the tidal 
floods that occurred only brought brackish species 
(figure 6). Both sites revealed that species only lived in 
all aquatic habitats at the surface and at a depth of 100 
cm. 

 

 
Fig. 6: Proportion between diatom habitats  

 
The results of the bray-curtis cluster analysis divide 

site 1 into two large zones, with zone 1 divided into two 
(figure 7). The surface sediments are dominated by 
species of Nitzschia palea, Fragilaria crotonensis, 
Fragilaria pinnata, and Navicula phyllepta. Two 
marine species appear, namely Cylindrotheca 
closterium and Tryblionella calida. 
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Fig. 7: Diatom stratigraphy 

 
1. Zone 1 (100-40 cm) 
This zone consists of two subzones (1a and 1b). Subdivision 
is based on variations of Nitzschia linearis and dominant 
species switches from F. crotonensis to N. palea. 
2. Zone 2 (30-1 cm) 
This zone happens because of abundance from Cocconeis 
placentula and Eunotia bilunaris. 
 
b. Site 2 
Site 2 is also divided into two significant zones, with zone 1 
divided into two parts, 2a and 2b (Figure 8). The surface 
sediments are dominated by F. crotonensis, F. tenera, and N. 
palea species. The appearance of C. closterium and 
Pleurosigma elongatum indicates that tidal floods has 
occurred because both are marine species.  

 

 
Fig. 8: Diatom stratigraphy  

 
1. Zone 1 (100-60 cm) 
This zone happens because of the abundance of 
Achnanthidium reimeri dan Achnanthidium saprophilum. 
2. Zona 2 (50-1 cm) 
This zone consists of two subzones (2a and 2b). Subdivision 
is based on variations of Naviculla rostellata, Hantzschia 
amphioxys, and Eunotia incisa also dominant species 
switches from F. crotonensis to N. palea (50-30 cm) and 
back again at 20-1 cm. 
 
4. Discussions 

The overflow of the Tuntang River flood can originate 
from different sources; the opening water gate of the upper 
reaches of Rawa Pening Lake, rainfall during the rainy 
season, and tidal floods.  Stratification that occurs in tropical 
climates is happening annually, which is different from the 
waters region in the four seasons69). This phenomenon can be 
proven by discovering diatom species in six existing habitats 
assuming that marine and brackish species were carried 
toward the mainland due to intrusion. The significant 
economic and environmental impacts of saltwater intrusion 
into freshwater aquifers and drainage basins are natural 
ecosystem degradation and pollution of municipal and 
industrial water sources, agriculture, and industry70). 

Diatoms are particularly effective at reconstructing 
past environmental changes in the water body and 
basin characteristics. Diatoms are particularly useful 
for documenting changes in sea level because they are 
abundant in natural aquatic environments. Many 
species prefer waters with specific salinities or reflect 
the specific nature of temporary changes in water 
level38). 

The diversity index (H') with the lowest value was 
found in the sediment with a depth of 50 cm, which is 
1,92, with 16 species found, and the highest value was 
found in the sediment with a depth of 10 cm, which is 
2,78 with 36 species found. Site 2 has the lowest depth 
of 40 cm, 2,16, with 18 species found. The 10 cm had 
the highest value of 2,99 and 34 species. The diversity 
index in the sediment indicates a moderate level of 
diversity. The diversity index will rise as water quality 
improves71). 

The dominance of N. palea species at site 1 at depths 
ranging from 1 to 50 cm indicates a higher nutrient 
level and pollutant area72). N. palea is a cosmopolite 
diatom used as a bioindicator of water quality due to its 
toxicity tolerance73). N. palea was found throughout the 
environmental gradient levels, was resistant to organic 
and heavy metal pollution, and was frequently found in 
eutrophic lakes74). The Navicula and Nitzschia genera 
have movements that allow them to move to nutrient-
rich areas. They may be associated with (fine) 
suspended sediments and/or are a common resident of 
lotic systems where sedimentation frequently 
occurs75),76). Both genera survive by moving through 
sediments toward the light and avoiding being buried 
beneath particles, which keeps them from depositing77). 
The mesotrophic to highly eutrophic nutrient states that 
can provide the most competitive microhabitats for 
eutrophic and pollution-tolerant diatom taxa, 
specifically Melosira, Navicula, Encyonema, and 
Nitzschia species15),16),78). 

The dominance of N. palea shifted in a depth of 60-
100 cm at site 1 to become the dominant of F. 
crotonensis. The dominance of F. crotonensis species 
further suggests well-mixed water with high Si 
availability but relatively poor light conditions79),80), 
ion concentrations in the water were increased and 
reduced water volume77),81) high-conductivity 
environments, such as brackish/halotolerant/halophilic 
N. linearis82),83), pollution-tolerant species with 
eutrophication and enrichment with organic material, 
like N. palea84). As long as the availability of nutrients 
demonstrates an important limiting factor derived from 
the light85). Local research on Subang Lake revealed 
that light attenuation limits photosynthetic activity to 
the upper layers, while decomposition activity 
dominates the deeper layers69),86).Changes in the 
dominance of these two species also occurred at site 2, 
with N. palea only dominating the depths of 40 cm, 50 
cm, and 80 cm. In contrast, the other eight layers were 
dominated by F. crotonensis. 
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Melosira varians, which was thought to be a good 

indicator of eutrophic habitats in South African lowland 
streams characterized by mesotrophic conditions and 
influenced by agriculture87). Encyonema is a well-known 
freshwater genus frequently associated with eutrophic or 
nourishing conditions. Encyonema minutum, for example, 
has been described as a polluted water indicator88). Previous 
research found that E. minutum was closely linked to higher 
nutrient concentrations from agriculture and sewage water in 
the Andean river basin89). 

A study by Wiklund et al.90) divided diatom categories into 
four based on their relation to flooding: strong flood 
indicators, strong non-flood indicators, moderate flood 
indicators, and moderate non-flood indicators. G. angustum, 
G. gracile, R. gibba, N. fonticola and C. 
microcephala (strong flood indicators). E. turgida, N. 
cryptocephala and C. halophila (strong non-flood 
indicators). A. minutissima, C. placentula (<15 µm), G. 
parvulum, E. adnata, N. paleacea and N. radiosa (moderate 
flood indicators), and four taxa (C. placentula (>15 µm), N. 
palea, N. minima, and G. clavatum) were identified as 
“moderate non-flood indicators”. 

So in, this study at site 1 indicated that upstream flooding 
and local flooding occurred in a continuous frequency with 
indications of the emergence of species A. ambigua (90 cm, 
70-40 cm), A. granulata (100-70 cm, 50 -10 cm), M. 
varians (100-80 cm, 60 cm, 40-10 cm), N. radiosa (all 
depth). All depths at site 1 have an abundance of diatoms 
indicating that flooding often occurs downstream of the 
Tuntang River. The Tuntang River is one of the national 
priority rivers being restored due to the disturbed ecosystem 
due to the frequency of sedimentation and continuous 
flooding. 

At site 2, the emergence of species A. ambigua (100-90 
cm, 70-30 cm), A. granulata (100-90 cm, 70 cm, 50-1 
cm), M. varians (90 cm, 50-10 cm), and N. radiosa (except 
10 cm). This also indicates that each depth has species that 
indicate the occurrence of upstream and local flooding. 
Another study found that C. placentula decreased when 
major floods occurred26). The difference between C. 
placentula in studies conducted in Peace-Athabasca Delta 
(PAD), USA90) and Tualatin River, USA26) is because, in 
Peace-Athabasca Delta (PAD), USA also paid attention to 
the details of the size of the species which over the 15 µm 
range. 

The relative abundance of planktonic diatoms (A. 
granulata, C. invisitatus, C. pseudostelligera) increased in 
the wetland (USA) during high-magnitude floods. 
Meanwhile, other species, such as A. italica and M. varians, 
were found to be abundant during the rainy season in Lake 
Broa, Brazil91). The genus Aulacoseira is an indicator of 
storms and swift water currents, as evidenced by the 
abundance of this species in waters with mixed water, such 
as Huguang Maar Lake92), Rocky Mountain Lakes93), Hidden 
Lake94), and Alpine Lakes95). 

The proportion of diatoms found indicates a difference in 
the rate of tidal floods at both sites. At site 1, no marine 
species were discovered at depths ranging from 30 cm to 60 

cm, but brackish species were found only at depths of 
30 cm and 40 cm. Marine species were not found at site 
2 except at depths of 30 cm and 40 cm, but brackish 
species were. The marine species discovered at the two 
sites were C. closterium, P. elongatum, T. calida, T. 
apiculata, and T. littoralis. C. closterium is a model 
marine diatom widely distributed in the marine 
environment96),97). P. elongatum had a positive 
correlation with increased dissolved oxygen 
concentrations, nutrients (DIP and NO2), and elevated 
trophic levels (TRIX) during higher rainfall periods98). 
Saltwater infiltration into groundwater systems raises 
the height of the freshwater-saltwater interface, 
affecting coastal ecosystems such as marshes99). 

 The influence of seawater was also found in 
research in the Banjir Kanal Timur, Semarang (BKT)38), 
which is about 5 km from the mouth of the Tuntang 
River. Marine diatoms were found abundant in the 
bottom layer, so it is assumed that the influence of 
seawater on BKT began in 1855. Meanwhile, the 
influence of seawater in Demak Regency was also 
caused by land subsidence, with the most significant 
tidal flood peak in 2005, with a height of 1.5 m.  

 
5. Conclusion 

Diatoms able to describe environmental conditions 
because of their rapid adaptation to environmental 
changes. Flood records at sites 1 and 2 show that 
upstream flooding and local flooding occurred at all 
depths, based on indications of the appearance 
freshwater species of A. granulata, A. ambigua, M. 
varians, and N. radiosa. While floods originating from 
sea tides are proven by carrying marine species such 
as C. closterium, C. closterium, P. elongatum, T. calida, 
T. apiculata, and T. littoralis. This flood phenomenon 
can be used as a reference in flood prevention measures 
downstream of the Tuntang River. Floods due to 
upstream and local floods have resulted in several 
socio-economic losses for the community, primarily in 
agricultural areas. While floods originating from 
seawater tides result in the mixing of seawater and 
fresh water. 
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