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Abstract

Scyphozoan blooms, driven by complex interactions between biological 
and environmental factors, have garnered considerable attention due 
to their ecological, economic, and social consequences. In India, 
blooms of Acromitus flagellatus Maas, 1903 pose significant challenges 
for local fishers. Despite this, there is a notable gap in comprehensive 
research on the correlation between A. flagellatus blooms and 
hydrographic factors in the backwaters and estuaries of Kerala. This 
study aims to investigate the connection between A. flagellatus blooms 
and environmental parameters. Monthly data on the abundance of A. 
flagellatus were collected from 12 stations across Kerala during pre-
monsoon and post-monsoon seasons through extensive field surveys 
and visual counts from 2016 to 2019. Principal Component Analysis 
(PCA) revealed relationships between A. flagellatus abundance and 
hydrographic parameters during pre- and post-monsoon seasons over 
the four years. Multiple regression analysis indicated a positive 
correlation between A. flagellatus abundance and factors such as 
temperature, chlorophyll-a, pH, and nitrate (NO3-) concentrations in the 
water. The seasonal abundance of A. flagellatus, along with the 
associated ecological changes and impacts on the local estuarine 
fishery, is discussed. Understanding the triggers of A. flagellatus blooms 
will enable stakeholders to better predict and mitigate their impacts on 
fisheries, tourism, and overall ecosystem health, thereby supporting 
more sustainable management of these ecosystems.
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Introduction

Estuarine ecosystems are highly dynamic and mosaic habitats 
characterised by diverse physical, biological, and chemical 
processes (O’Higgins et al., 2010). These ecosystems play a 
crucial role as nursery grounds for fish, crustaceans, and 
other invertebrates, providing shelter and food for juvenile 
species (Holsman et al., 2006; Wouters and Cabral, 2009). 
However, the growing human population near estuaries has 
significantly altered their structure and functioning (Elliott 
and Whitfield, 2011) through nutrient loading (Bianchi et al., 
2000; Barletta et al., 2019), toxic pollution (Tomlinson et al., 
1980; Roveta et al., 2021), and habitat modification (Nilsson 
et al., 2005; Lotze et al., 2006). Additionally, increased organic 
material has heightened dissolved oxygen consumption, 
leading to spatiotemporal shifts along estuarine gradients 
(Barletta et al., 2019).

Over the past few decades, jellyfish blooms have been recorded 
in many estuarine, coastal, and marine environments worldwide, 
showing significant temporal variations (Purcell et al., 2007; 
Richardson et al., 2009; Pitt et al., 2018; Fernández-Alías et al., 
2021; Vineetha et al., 2022; Fernández-Alías et al., 2024). 
Jellyfish are vital components of many estuarine systems, 
often forming dominant blooms that affect ecosystem services 
(Schnedler-Meyer et al., 2018; Goldstein and Steiner, 2020). A 
high abundance of jellyfish can degrade estuary quality and 
negatively impact native species (Xian et al., 2005), disrupting 
the food web by over-consuming zooplankton and limiting 
resources for indigenous species (Xian et al., 2005).
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salt water will be limited to a short distance in the estuary 
from the mouth (Varma et al., 2002).

Sampling of jellyfish

Jelly fish abundance was monitored from 2016 to 2019 
through monthly surveys conducted during the pre-monsoon 
(February–May) and post-monsoon (November–January) 
seasons. Visual counts were performed twice a month during 
daylight hours across estuarine and brackish waters in Kerala 
(Fig. 1). Abundance was quantified as the number of medusae 
per 9 m2 area (3 m × 3 m). The monthly abundance was 
determined by averaging data from two bi-monthly surveys 
conducted at six locations within each estuary. For analysis, 
mean jellyfish abundance recorded from February to May 
was classified as pre-monsoon, while that from November 
to January was categorised as post-monsoon, with all values 
expressed as individuals per 100 m2.

Human activities and climate change have exacerbated jellyfish 
numbers and their ecological impacts in estuaries (Baumsteiger 
et al., 2018). Jellyfish dynamics are mainly driven by environmental 
changes and are further amplified by anthropogenic factors 
such as global warming, eutrophication, overfishing, and ocean 
sprawl (Purcell, 2012; Boero, 2013; Duarte et al., 2013). Alterations 
in river flow, which affect estuarine salinity levels (Purcell et al., 
1999, 2009), also influence jellyfish reproductive patterns by 
altering polyp feeding behaviours (Holst and Jarms, 2010) and 
planula larvae settlement (Conley and Uye, 2015). Massive 
jellyfish blooms are closely linked to environmental variability 
and specific species traits, often appearing and disappearing 
based on changing environmental conditions (Dawson and 
Hamner, 2009; Schnedler-Meyer et al., 2018).

Research on jellyfish blooms in Indian estuaries has been 
relatively scarce, with most studies focusing on hydromedusae 
(Annandale, 1907; Vannucci et al., 1970; Santhakumari, 1992; 
Santhakumari et al., 1997, 1999). More recent studies have 
investigated scyphozoans in the estuarine waters of Kerala 
(Sandhya et al., 2020; Karati et al., 2021; Vineetha et al., 2022) 
and the Sundarbans deltaic region (Siddique et al., 2022; 
Bhowal et al., 2023).

Acromitus flagellatus, a jellyfish species from the Catostylidae 
family, has received limited research attention despite its 
ecological significance. This species proliferates in Indian 
estuarine waters, impacting fishing activities (Sandhya 
et al., 2020), yet its effects on ecosystem services remain 
largely unexplored. There is a significant gap in data on its 
ecology, population structure, and the hydrographic factors 
influencing its blooms. This study aims to investigate the 
population dynamics of A. flagellatus across tropical estuaries in 
southwest India, correlating these fluctuations with hydrological 
parameters such as surface water temperature, salinity, pH, 
dissolved oxygen, chlorophyll-a, and nutrient concentrations 
(phosphate, silicate, nitrite, nitrate, and ammonia).

Material and methods

Study area

Sampling activities were carried out in the twelve major 
estuarine and brackish waters of the Kerala coast along 
the southeastern Arabian Sea. Most of the estuaries along 
the southwest coast of India are semi-diurnal and micro-
tidal, with a tidal range of 1 to < 2m. All the estuaries have a 
connection to the Arabian Sea, and the rivers that originate 
from the Western Ghats input fresh water into the estuaries. 
During the southwest monsoon season (June to September) 
and northeast monsoon (October and November), the effect 
of freshwater will be close to the mouth, and the intrusion of 

Fig. 1. Location map of selected estuaries and backwaters in Kerala, where 
Acromitus flagellatus sampled during different seasons over four years, 2016– 
2019; Southern estuaries (Kadinamkulam, Pulimoottilkadavu, Kappil, Paravoor 
Lake, Asthamudi, Vembanad, and Beeyamkayal) were sampled during the pre-
monsoon season (February–May), while northern estuaries (Mattul, Kavaayi, 
Padane Kayal, and Chithari) were sampled during the post-monsoon season 
(November– January)
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Hydrographic data

The collection of water quality data occurred simultaneously 
with the acquisition of jellyfish abundance data from the 
estuarine waters of Kerala. Water samples were collected 
using Teflon-coated Niskin samplers and decanted from 
the doorknob of the sampler using silicone-made rubber 
tubing. The water temperature was measured with a calibrated 
mercury thermometer with a small mercury bulb for better 
accuracy. Salinity, dissolved oxygen and pH were measured 
using a portable water quality analyser (Make: Eutech, Model: 
Waterproof Cyber scans PCD 650). Alkalinity was checked using 
the titration method with 0.01 N HCl based on the international 
standard method (APHA, 2012). Phosphate (PO4

3-) and silicate 
(SiO4

4–) were examined by spectrophotometry (Shimadzu, 
UV-1800). Total phosphorus was analysed by the ammonium 
molybdate method after being oxidised by potassium persulfate. 
Nitrite (NO2

-) and nitrate (NO3
-) were analysed using the 

α-methylamine and cadmium reduction methods. All of the 
above analyses were carried out using the standard methods 
prescribed by APHA (2012). Chlorophyll-a (Chl-a) was analysed 
by the acetone extraction method of Grasshoff et al. (1999) and 
detected by using a UV-Vis Spectrophotometer (630–645 nm, 
Shimadzu UV-1800). Hydrographic data are provided in Table 1.

Statistical analysis

Principal component analysis (PCA) was performed to understand 
how the nine environmental parameters, namely temperature (°C), 
salinity (ppt), chlorophyll-a (mg/m3), pH, Dissolved Oxygen (mg/l), 

NO2-
 (μmol/l), NO3- (μmol/l), PO4

3-(μ mol/l) and SiO4
4– (μ mol/l) 

differed for pre- and post-monsoon periods of four-year study 
from 2016 to 2019. PCA was performed on the correlation matrix 
of log-transformed data. The null hypothesis that there was no 
significant difference between hydrological parameters of pre- and 
post-monsoon seasons was tested using PERMANOVA (Anderson, 
2001) employing Euclidean distances and 9999 permutations. Three 
environmental parameters that had low factor loading on the first 
PCA axis, namely salinity (ppt), Dissolved Oxygen (mg/l), and SiO4

4– 
(μ mol/l), were removed from the multiple regression analysis to 
understand the correlation between the dependent variable (jellyfish 
abundance) and independent variables (environmental parameters). 
Change in the abundance of jellyfish in pre- and post-monsoon 
seasons during the four-year study was studied using Pearson’s 
correlation coefficient after confirming the normality of data using 
the Shapiro-Wilk (W) and Jarque-Bera (JB) test statistics. Statistical 
analysis was performed in PAST 4.10 (Hammer et al., 2001).

Results

Abundance

Acromitus flagellatus is the major blooming species in the 
estuarine waters of Kerala (Fig. 2 a-f). For all four years, jellyfish 
abundance was higher in pre-monsoon than post-monsoon 
seasons (Fig. 3). The average abundance of A. flagellatus was 
higher (>300 ind/100 m2) in pre-monsoon than in post-monsoon 
(> 60 ind/100 m2) in 2016. The average abundance of the medusa 
during 2017 ranged from >250 ind/100 m2 in pre-monsoon and 
>100 ind/100 m2 in post-monsoon. In 2018, the abundance of 

Table 1. Seasonal variation in hydrographic parameters and their standard deviations (in brackets) across estuaries in Kerala. Pre-monsoon data represent southern estuaries, while post-
monsoon data correspond to northern estuaries

Environmental Parameters
2016 2017 2018 2019
Pre Monsoon Post Monsoon Pre Monsoon Post Monsoon Pre Monsoon Post Monsoon Pre Monsoon Post Monsoon

Temperature (°C)
30.14
(0.21)

29.55
(0.14)

29.90
(0.10)

29.35
(0.07)

31.20
(0.16)

29.94
(0.07)

30.20
(0.07)

29.50
(0.26)

Salinity (ppt)
25.51
(0.31)

24.87
(0.46)

25.13
(0.29)

23.50
(0.16)

24.70
(0.25)

21.01
(0.36)

23.00
(0.55)

24.50
(0.60)

Chl-a (mg/m3)
2.20
(0.18)

6.80
(0.36)

2.23
(0.19)

6.80
(0.26)

2.28
(0.18)

1.75
(0.29)

2.87
(0.13)

4.90
(0.47)

pH
7.60
(0.10)

7.10
(0.05)

7.60
(0.09)

6.89
(0.13)

7.60
(0.06)

7.45
(0.05)

7.65
(0.08)

7.30
(0.07)

DO (mg/l)
5.10
(0.27)

3.24
(0.23)

4.80
(0.15)

5.12
(0.25)

4.53
(0.17)

5.42
(0.06)

4.53
(0.10)

4.90
(0.36)

NO2- (μ mol/l)
1.50
(0.17)

0.74
(0.09)

1.67
(0.14)

1.33
(0.14)

1.76
(0.08)

1.47
(0.07)

1.80
(0.12)

1.33
(0.15)

NO3- (μ mol/l)
5.30
(0.18)

12.11
(0.43)

6.00
(0.29)

29.6
(0.75)

6.20
(0.40)

16.80
(0.22)

6.32
(0.20)

22.00
(0.48)

PO4
3- (μ mol/l)

1.60
(0.17)

2.60
(0.27)

1.50
(0.08)

2.60
(0.24)

1.95
(0.07)

2.75
(0.22)

2.10
(0.10)

2.6
(0.26)

SiO4
4– (μ mol/l)

33.00
(0.74)

33.8
(0.38)

31.1
(0.42)

29.00
(0.46)

31.00
(0.51)

43.00
(1.48)

31.60
(0.42)

12.00
(0.42)
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A. flagellatus was higher (>500 ind/100 m2) in pre-monsoon 
and (>300 ind/100 m2) in post-monsoon compared with the 
preceding years. Similarly, the average abundance of medusae 
in 2019 ranged from >450 ind/100 m2 in pre-monsoon and >380 
ind/100 m2 in post-monsoon, which is higher compared with 
2016 and 2017. The present study noticed that the abundance of 
A. flagellatus is predominant during pre-monsoon in Southern 
Kerala (Kadinamkulam, Pulimoottilkadavu, Kappil, Paravoor lake, 
Asthamudi, Vembanad and Beeyamkayal) and blooms were more 
during the post-monsoon season in the northern part of Kerala 
(Mattul, Kavaayi, Padane Kayal, Chithari, Chandragiri). There 
was a linear increase in jellyfish blooms in all four years (Fig. 3).

Hydrography

The hydrographic parameters showed noticeable variations 
in post-monsoon and pre-monsoon (Table 1). In 2016, water 
temperature decreased from 30.14 °C (standard error ±0.21) in 
pre-monsoon to 29.55 (±0.14) °C in post-monsoon, with similar 
variations in succeeding years. Chlorophyll-a concentration 
increased during post-monsoon, and it declined during pre-
monsoon. NO3- was high in the post-monsoon and fell sharply 
in the pre-monsoon. pH was higher in the pre-monsoon than in 
the post-monsoon. Phosphate was higher in post-monsoon as 
compared to pre-monsoon. In contrast, hydrographic parameters 
such as dissolved oxygen, sulphate and salinity do not show 
specific variations between post-monsoon and pre-monsoon 
seasons. In both seasons, salinity ranged between averages of 
21.01 (±0.36) ppt to 25.51 (±0.31) ppt. The lowest salinity (21.01 
ppt) was noticed during post-monsoon in 2018, and the highest 
salinity (25.51 ppt) was observed during pre-monsoon in 2017. 
The complex dynamics of hydrographic parameters in pre- and 
post-monsoon periods can be visualised using PCA analysis 
(Fig. 4), where the two seasons formed significantly different 
clusters (PERMANOVA, F = 3.598, P = 0.0291).

Fig. 2. Acromitus flagellatus blooms along the estuaries of South India  
(a) A. flagellatus blooms in the Kappil estuary, Kerala; (b) A. flagellatus 
aggregation in the barmouth of Kappil estuary; (c) Caught in the fishing net; 
(d) A. flagellatus collected by fishing nets; (e) A. flagellatus blooms in Chithari, 
Kerala; (f ) Group of moribund jellyfish

Fig. 3. Average jellyfish abundance during the pre- and post-monsoon 
seasons over a four-year study in estuaries along the southwest coast of 
India. Pre-monsoon data reflect jellyfish abundance in southern estuaries 
(Kadinamkulam, Pulimoottilkadavu, Kappil, Paravoor Lake, Ashtamudi, 
Vembanad, and Beeyamkayal), while post-monsoon data represent northern 
estuaries (Mattul, Kavaayi, Padane Kayal, and Chithari). Error bars indicate 
standard errors. Abundance data for both pre (W = 0.911, P = 0.4877; JB = 0.5272, 
P = 0.7683) and post (W = 0.8953, P = 0.4083; JB = 0.5391, P = 0.7637) monsoon 
seasons were normal and showed a significant (P < 0.05) positive relationship

Fig. 4. Principal Component Analysis of environmental variables during pre- 
and post-monsoon periods from 2016 to 2019 in estuaries along the southwest 
coast of India. Pre-monsoon environmental variables correspond to southern 
estuaries, while post-monsoon variables represent northern estuaries. 
Values in parentheses are percentage variances explained by each principal 
component
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and Chandragiri), blooms occurred post-monsoon, while in 
central (Vembanad) and southern Kerala (Kadinamkulam, 
Pulimoottilkadavu, Kappil, Paravoor, and Ashtamudi), blooms 
were more common during pre-monsoon. In the north, jellyfish 
were absent during pre-monsoon but began blooming at the 
end of post-monsoon and persisted until early pre-monsoon.

Comparatively, similar seasonal fluctuations in jellyfish 
abundance have been observed in other regions. For instance, 
Aurelia aurita blooms in Southampton waters lasted 3-4 
months during spring and summer (Lucas and Williams, 1994). 
Other studies in estuarine waters have also demonstrated 
seasonal patterns in jellyfish abundance (Grondahl, 1988; 
Garcia, 1990; Lucas and Williams, 1994; Kingsford and Pitt, 
1998). In Lake Wooloweyah, Australia, Catostylus mosaicus 
was absent in July but abundant in November, while in Port 
Stephens, Australia, medusae were present only in November 
and December of successive years (Kingsford and Pitt, 1998). 
Geographic separation did not affect recruitment timing, with 
asynchronous recruitment observed even at locations less 
than 100 km apart (Kingsford and Pitt, 1998).

Previous research suggests that climate change, fluctuating 
environmental conditions, and hydrographic instabilities are 
major contributors to increased jellyfish blooms and ecosystem 
shifts (Purcell, 2012; Robinson and Graham, 2013). Temperature 
is particularly important for the abundance of jellyfish and 
other gelatinous zooplankton in estuarine ecosystems (Decker 
et al., 2007; Purcell et al., 2007; Schroeter, 2008). Changes in 
these environmental factors may trigger biological responses, 
with some species reaching their physiological tolerance 
limits, while others, like A. flagellatus, proliferate (Tolan, 2007).

In this study, we found a positive correlation between the 
abundance of A. flagellatus and rising temperatures. Past 
studies suggest that water temperature provides environmental 
cues that promote the growth and reproduction of polyps, 
which have significant implications for the distribution and 
abundance of pelagic medusae (Lucas, 2001; Willcox et al., 2007; 
Sokołowski et al., 2016). Rising temperatures likely enhance 
the release of medusae from benthic polyps, contributing to 
greater jellyfish abundance in the Cochin estuary (Vineetha 
et al., 2022). Similar studies in the Sundarbans estuaries 
have confirmed the influence of rising surface temperatures 
on the surge of A. flagellatus (Bhowal et al., 2023; Siddique 
et al., 2022). Higher surface temperatures accelerate jellyfish 
reproduction, strobilation, and population growth (Lotan et al., 
1994; Siddique et al., 2022).

Similarly, chlorophyll-a, nitrate (NO3–), and pH also showed 
significant correlations with jellyfish abundance. Increased 
chlorophyll-a during post-monsoon has been linked to higher 

There was a significant correlation between jellyfish abundance 
and a subset of environmental parameters (Table 2), such as 
temperature, chlorophyll-a, pH and NO3- positively influencing 
jellyfish abundance. NO2 and PO4

3- did not affect the jellyfish 
abundance (Table 2). Although we removed salinity, dissolved 
oxygen and SiO4

4–, which were orthogonal in PCA analysis, from 
multiple regression, we reconfirmed their contribution to jellyfish 
abundance. Three further environmental factors were not 
correlated to jellyfish abundance (Salinity: t = -0.86, P = 0.4376; 
DO: t = 0.42, P = 0.6934; SiO44–: t = -0.80, P = 0.4705).

Discussion

This study documented blooms of A. flagellatus in various 
estuarine waters of Kerala, located on the southwest coast 
of India. This species has a broad distribution, spanning from 
the Western Indian Ocean to the Central Pacific Ocean (Jarms 
and Morandini, 2019), and has been reported in numerous 
Indian estuaries (Menon, 1930, 1936; Rao, 1931; Gravely, 
1941; Panikkar and Aiyar, 1937, 1939; Nair, 1951; Jones, 1960; 
Chakrapani, 1984; Goswami, 1992; Haldar and Choudhury, 1995; 
Ramakrishna and Sarkar, 2003; Govindan and Ramanibai, 
2017; Peter et al., 2018; Sandhya et al., 2020; Vineetha et al., 
2022; Siddique et al., 2022).

The proliferation of A. flagellatus poses significant challenges 
to the local fishers and the fishing industry in Kerala. It clogs 
fishing nets, especially stake nets, severely reducing their 
filtering efficiency (Sandhya et al., 2020). Additionally, the 
jellyfish damage nets and sting fishers during fishing and 
net-cleaning activities, with more severe reactions occurring 
when sensitive areas like the face, lips, or eyes are affected. 
The blooms also impact mussel farming in northern Kerala, 
where jellyfish encrust the culture racks of the mussel Perna 
viridis in the Madakkara and Padanna estuaries in Kasaragod, 
causing substantial economic losses.

A . f lagellatus blooms were more prevalent during the 
pre-monsoon period than the post-monsoon period. In 
northern Kerala (Mattul, Kavaayi, Padane Kayal, Chithari, 

Table 2. Multiple regression of jellyfish abundance and environmental variables

Environmental variables
Standardised 
coefficients t P R2

Temperature (°C) 0.65 17.85 0.0356 0.5536

Chl-a (mg/m3) 1.08 18.00 0.0353 0.4746

pH 2.49 26.97 0.0236 0.5931

NO2- (μ mol/l) -0.08 -1.75 0.3310 0.4535

NO3- (μ mol/l) 1.30 16.71 0.0381 0.2008

PO4
3- (μ mol/l) 0.06 1.50 0.3738 0.1045
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nutrient concentrations, supporting elevated phytoplankton 
production and jellyfish abundance (Karati et al., 2021).

Vineetha et al. (2022) observed a significant increase in 
phytoplankton biomass (chlorophyll-a) in the Cochin estuary 
during the pre-monsoon period, with a more pronounced rise 
in larger phytoplankton, including macro- and micro-sized 
species, compared to smaller nano- and pico-phytoplankton. 
This suggests that nutrient-rich conditions during the 
pre-monsoon season favour the proliferation of larger 
phytoplankton in the estuary. Estuaries, enriched with nutrients 
from urbanisation and industrialisation, support primary 
consumers like copepods, creating food-rich environments 
for secondary consumers such as jellyfish (Purcell, 2012). The 
positive correlation between jellyfish abundance and nitrate 
levels likely results from increased zooplankton biomass driven 
by nutrient availability, particularly during the post-monsoon 
season (Karati et al., 2021; Vineetha et al., 2022).

Few studies have explored the relationship between jellyfish 
abundance and nitrates (Pitt et al., 2009; Low et al., 2016; Hubot 
et al., 2021). Research indicates that jellyfish excrete ammonium 
as a metabolic waste product, which diffuses through their 
body surface (Low et al., 2016). This ammonium serves as 
a key substrate for nitrifying bacteria and archaea, which 
oxidise it into nitrite and subsequently nitrate, generating 
energy in the process (Hubot et al., 2021). During jellyfish 
blooms, elevated ammonium release can increase nitrite and 
nitrate levels, potentially stimulating primary production and 
altering phytoplankton community composition within the 
ecosystem (Shilova et al., 2017).

Ocean acidification and changes in pH can also affect jellyfish 
ephyrae and behaviour (Tills et al., 2016). For example, 
Rhopilema esculentum in Japanese waters can swim and 
feed optimally at a pH of 7.9–8.5 (Gu et al., 2005). While 
studies on the relationship between pH and jellyfish blooms 
in estuarine waters are limited, further research could shed 
light on these dynamics.

Conclusion

This study investigated the relationship between hydrographic 
parameters and the abundance of Acromitus flagellatus in 
tropical estuaries along the southwest coast of India. We 
documented A. flagellatus blooms and their correlation with 
regional hydrographic factors, with a notable prevalence 
during the pre-monsoon period. This preliminary exploration 
lays the foundation for future research. Our findings suggest 
that temperature, chlorophyll-a, pH, and NO3– are linked 
to A. flagellatus abundance. However, to fully understand 
the drivers behind jellyfish blooms, a more comprehensive 

investigation considering eutrophication, overfishing, artificial 
settlement substrates, and climate change is necessary.
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