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Abstract

Estuarine ecosystems, particularly those located near urbanized coasts, are increasingly affected by eutrophication, pollu-
tion, and hydrological alterations, creating favourable conditions for opportunistic species such as jellyfish. The present
study reports, for the first time, the occurrence and ecological characteristics of an Acromitus flagellatus aggregation
in Gopalpur Creek along the Odisha coast, India, during August 2024. Hydrographic and biological parameters were
measured at two stations (S1 and S2) to assess environmental variability associated with the aggregation event. Salinity
ranged between 9.1 and 10.1, and temperature varied from 29.9 to 30.8 °C. Marked differences were recorded between
stations in turbidity (0.9 to 10.2 NTU), dissolved oxygen (0.48 to 6.9 mg/L), and total chlorophyll-a (5.8 to 11.1 pg/L),
with near-hypoxic conditions (0.48 to 1.29 mg/L) confined to the inner station (S1). The aggregation, comprising a visu-
ally estimated density of approximately two individuals per square meter of water surface, was recorded only during
low tide, coinciding with higher turbidity and elevated chlorophyll-a levels dominated by pico- and nanophytoplankton.
The zooplankton samples contained rotifers, especially Brachionus, together with copepods, taxa that are associated with
nutrient-rich and low-oxygen conditions. The occurrence of A. flagellatus under low salinity and hypoxic conditions con-
trasts with earlier reports from Indian estuaries and may indicate ecological plasticity and tolerance, although these physi-
ological traits were not directly assessed in the present study. These findings provide critical baseline information on the
ecology of gelatinous zooplankton in Gopalpur Creek, underscoring the need for continued monitoring of anthropogenic
and climatic influences that may drive jellyfish proliferation in tropical estuarine systems.
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Introduction industrial effluents, pathogens from domestic sewage, and

heavy metal accumulation have profoundly impacted biotic

Estuaries are characterized by high productivity and com-
plex, dynamic ecosystems. However, the water quality
and ecological integrity of estuarine systems, particularly
those in urbanized areas, are significantly compromised by
rapid population growth and uncontrolled coastal develop-
ment worldwide (Kennish 2019). Activities such as nutrient
overloading from agricultural runoff, organic matter from
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communities and jeopardized ecosystem health (Padhiary
and Kumar 2024; Baliarsingh et al. 2010). In contrast to
many marine invertebrates, jellyfish exhibit a wide toler-
ance to environmental fluctuations caused by anthropogenic
activities and display synanthropic behaviour (Richardson
et al. 2009). This resilience is attributed to their dual-phase
mode of life, which allows them to alternate between a
benthic (bottom-dwelling polyp) and a pelagic (open-
water medusa) existence, and can even synchronize their
reproductive cycles with seasonal shifts in environmental
variables, such as temperature and salinity (Miglietta et al.
2008). Jellyfish with high tolerance to environmental fluc-
tuations can take advantage of ecological imbalances and
proliferate into swarms in warm, high-salinity, turbid, and
eutrophic waters (Purcell 2012). Although jellyfish aggre-
gation is a natural feature of marine ecosystems, it has been
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increasingly reported along the east coast of India (western
Bay of Bengal), including the Odisha coast, in recent decades
(Sahu and Panigrahy 2013; Baliarsingh et al. 2016; Barik
et al. 2025). These gelatinous organisms, being opportunis-
tic feeders, prey upon zooplankton and ichthyoplankton,
thereby disrupting the pelagic food web and competing with
fish larvae for common food resources (Bilio and Niermann
2004). The Gopalpur Creek, located in southern Odisha
(Fig. 1), is characterized by a dynamic estuarine environ-
ment that supports rich biodiversity and sustains local fish-
eries and aquaculture activities. In recent years, increased
coastal development, the expansion of shrimp farms, and
the discharge of nutrient-rich effluents into the creek have
made the system more susceptible to opportunistic species.

Despite the potential ecological and economic implica-
tions, studies focusing on the occurrence, composition,
and ecological drivers of jellyfish in Gopalpur coastal and
creek waters are limited. While previous research along the
Gopalpur Creek has addressed plankton (phytoplankton and
zooplankton) dynamics, fishery patterns, and water quality
(Baliarsingh et al. 2013; Sahu et al. 2013; Sial et al. 2019),
systematic investigations on jellyfish, particularly Scy-
phozoa, remain scarce. This knowledge gap is particularly
significant, given that jellyfish serve as important indica-
tors of ecosystem health and anthropogenic stress in tropi-
cal estuaries (Samarweera and Dissanayake 2025; Doyle
et al. 2013). The present study documents the first report
of Acromitus flagellatus aggregation in Gopalpur Creek,
a significant finding that extends the known distributional
range and temporal occurrence patterns of this species in
Indian waters. This documentation is accompanied by a

Fig. 1 Location of the study area

comprehensive assessment of the environmental and bio-
logical parameters that may influence distribution patterns,
thereby justifying the emphasis on this first record and its
ecological implications. This baseline information is crucial
for understanding the ecological responses of the creek eco-
system to anthropogenic pressures and for developing man-
agement strategies to mitigate the impacts of future jellyfish
swarming events.

Materials and Methods
Study Area

Gopalpur Creek is a dynamic, semi-enclosed estuarine sys-
tem located along the southern Odisha coast of the Bay of
Bengal (Fig. 1). The creek originates from a network of
small drainage channels that collect runoff from the hin-
terland and discharge into the Bay near Gopalpur-on-Sea
(Baliarsingh et al. 2013). The region experiences a tropi-
cal monsoonal climate, characterized by heavy rainfall from
June to September, moderate temperatures from October
to February, and elevated sea surface temperatures during
the pre-monsoon (March to May) months. Hydrologically,
the system is shaped by tidal exchange and monsoon-
driven freshwater inflow, resulting in pronounced seasonal
variations in salinity, turbidity, and nutrient concentrations
(Khadanga et al. 2025a; b). The creek has a mean depth of
approximately 1.2 m, increasing to 1.5 to 2.0 m during the
monsoon season. Its bar-built mouth frequently closes from
June to September due to sediment deposition and littoral

showing Gopalpur Creek and the
sampling stations (S1 and S2)
along the eastern Indian coast
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drift, reopening manually around October or November to
restore tidal exchange. This cyclic closure-opening process
creates two distinct hydrographic regimes: a closed phase
characterized by restricted seawater exchange, elevated
nutrient and organic matter loads, reduced dissolved oxy-
gen, and lower pH; and an open phase marked by enhanced
tidal mixing, higher salinity, and improved water quality.
The substrate is predominantly muddy-sandy, supporting
diverse benthic and planktonic communities, and the area
serves as a nursery ground for finfish, shellfish, and other
invertebrates (Sahu et al. 2013).

Ecologically, Gopalpur Creek sustains seagrass mead-
ows and oyster beds, functioning as a critical blue carbon
ecosystem. However, ecological integrity is increasingly
threatened by anthropogenic pressures, including aqua-
culture effluents, agricultural runoff, and the expansion of
industrial activities near Gopalpur Port and the proposed
industrial park. These stressors contribute to nutrient enrich-
ment, eutrophication, hypoxia, and acidification, making
the system a sensitive indicator of coastal environmental
change. Earlier work in this creek has documented external
nutrient inputs from surrounding hatcheries and elevated
organic and suspended loads (Baliarsingh et al. 2013; Kha-
danga et al. 2025b), providing context for the eutrophic
conditions inferred in the present study. Overall, Gopalpur
Creek exemplifies a monsoon-influenced tropical estuary,
providing valuable insights into the interactions between
hydrology, nutrient dynamics, carbonate chemistry, and
habitat conservation along the Indian east coast.

Methodology

A field survey was conducted on August 8, 2024, at Gopal-
pur Creek to investigate the conducive conditions for jel-
lyfish aggregation. Two sampling stations were studied
in the creek: S1 and S2 (Fig. 1). The present observation
was opportunistic, made during a routine rapid survey of
tidal biogeochemistry; the two stations were positioned to
capture the inner/upstream (S1) to lower/near-mouth (S2)
gradient of the creek, which also represents the princi-
pal salinity and water-quality gradient of the system. The
restricted number of stations limits spatial inference and
is acknowledged as a constraint of this short-term docu-
mentation; broader spatial coverage, including additional
upstream and near-coastal stations, is recommended for
future surveys. Physical parameters of water were measured
using a CTD (Conductivity-Temperature-Depth) profiler
(make: Sea-Bird Scientific, model: SBE 19Plus V2). The
CTD measures conductivity, temperature, and pressure with
high accuracy and resolution. Turbidity is measured simul-
taneously by detecting the scattered light.

To measure various chemical and biological parameters
of surface water, samples were collected using a Niskin
sampler at both high tide and low tide, capturing tidal vari-
ability. The Dissolved Oxygen (DO) samples were fixed
immediately using Winkler’s reagents, and the analysis was
performed by Winkler’s titration method as described by
Grasshoff et al. (1999). The Total Suspended Matter (TSM)
concentration was measured by filtering 1 L of water through
pre-weighed 0.45 um membrane filter paper and reweigh-
ing after oven drying (Strickland and Parsons 1972). The
phytoplankton biomass in terms of total chlorophyll-a (chl-
a) was measured by filtration of a known volume of water
sample through glass fibre filter paper following the spec-
trophotometric method (Strickland and Parsons 1972). The
phytoplankton size class in terms of chl-a concentration was
measured through sequential filtration of the water sample
through different pore size filter papers (20 pm for micro,
2 pum for nano, and 0.2 pm for picophytoplankton), follow-
ing the analysis using the spectrophotometric method. For
the taxonomic analysis of phytoplankton, 1 L of the water
sample was fixed with Lugol’s iodine-formalin solution. To
assess phytoplankton abundance, a compound light micro-
scope (make: Labomed, model: Lx400) was used, following
standard identification keys (Tomas 1997).

Jellyfish individuals were observed floating within the
water column. Abundance was estimated semi-quantita-
tively through direct visual (eye-count) observations of
medusae aggregating at and immediately below the water
surface, an approach commonly applied to surface-aggre-
gating gelatinous zooplankton that cannot be sampled with
fixed substrate plots (Houghton et al. 2006; Baliarsingh et
al. 2015; Padate et al. 2020; Ramesh et al. 2021). At each
observation point along the S1-S2 stretch of the creek dur-
ing low tide, when individuals were most abundant and sur-
face visibility was greatest, all clearly visible medusae were
counted within a visually delineated 1 m? area of the water
surface. Counts were made at ten independent observation
points distributed along the creek, covering an estimated
total water-surface area of approximately 10 m”. Density
was then expressed as the mean number of individuals per
square metre of water surface (ind. m2). Because counts
were obtained by direct visual observation within visually
delineated areas rather than by enumeration of physically
sampled volumes, the reported values should be regarded
as semi-quantitative visual estimates rather than precise
density measurements. This approach detects only those
individuals present at or immediately below the water sur-
face; medusae distributed deeper in the water column would
not have been registered, and detectability therefore varies
with water depth and tidal stage. Jellyfish specimens were
collected manually during field observations (Fig. 2a), and
morphometric measurements, including bell diameter, oral
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arm length, and body features, were recorded (Fig. 2b).
Specimens were photographed in vivo and preserved in
5% formaldehyde for detailed taxonomic examination fol-
lowing standard protocols for scyphozoan identification
(Kramp 1961; Gershwin 2006).

Zooplankton was collected by duplicate horizontal sur-
face hauls per station using the flow-meter-equipped net
(120 um nylon mesh plankton net); the volume of water
filtered was computed from flow-meter revolutions and net-
mouth area. Subsequently, samples were preserved with 5%
formaldehyde, and in the laboratory, taxa were identified
and expressed on a relative (qualitative) basis. Quantitative

Fig. 2 (a) Acromitus flagellatus observed in the Gopalpur Creek; (b)
On-site collection; (¢) Body length measurement; (d)Whole medusa
of A. flagellatus; (e) lateral view; (f) oral and aboral view; (g) Lateral
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cells 1"! or individual-density enumeration was not under-
taken during this rapid opportunistic assessment.

Results and Discussion
Field Observations and Jellyfish Occurrence

During a routine field observation in Gopalpur Creek in
August 2024, an unusual aggregation of jellyfish was
recorded, marking one of the few documented aggregation
events in this tropical estuarine environment. The aggre-
gation consisted predominantly of Acromitus flagellatus
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view, E- exumbrella, VL- velar lappet, RL- rhopalar lappet, OA- oral
arm, TF- terminal filament, G- gonad; (h) Ventral view, RC- radial
canal, S- subumbrella, M- manubrium; (i) F- filaments on oral arms
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(Fig. 2¢), confirmed through morphological and taxonomic
identification following standard zooplankton protocols.
The individuals were observed forming dense, sporadic
patches across the upper and lower reaches of the creek, with
many adhering to the banks, while stranded and decompos-
ing specimens were found along the intertidal sands.

Field observations revealed highly variable swarm densi-
ties, with individuals forming dense, pulsating clusters in
the mid and lower reaches of the creek, particularly near
seagrass patches and semi-enclosed embayments, where
water movement was minimal. Several medusae were
observed entangled among filamentous algae and floating
debris, suggesting that aggregation may have been facili-
tated by weak current regimes and high organic loads. Simi-
lar accumulation patterns have been documented in other
tropical estuarine systems where hydrodynamic retention
zones promote jellyfish congregation (Vandendriessche
2007). In the upstream section, a smaller number of jellyfish
were observed drifting passively in turbid waters, while the
downstream zone near the creek mouth showed evidence
of strandings and carcass accumulation along the intertidal
sands. Many individuals adhered to the muddy banks, their
tentacles extended and motionless, which may indicate
stress or senescence, although physiological condition was
not assessed. Surface films of mucus and fragmented tissues
were noted during late-afternoon surveys, coinciding with
higher temperature and reduced tidal exchange. These com-
bined visual and environmental indicators suggest that the
aggregation represented a transient swarming event, consis-
tent with the ephemeral nature of scyphozoan aggregations
in dynamic estuarine environments.

Morphological Characteristics and Taxonomic
Identification

The detailed morphological examination of collected speci-
mens (Fig. 2d) confirmed the identification as A. flagella-
tus. The species is taxonomically identified within its genus
by a specific set of morphological traits. The bell-shaped
medusae exhibited hemispherical morphology with a cen-
tral thickening and a thinner margin (Fig. 2e). Specimens
possessed eight oral arms (Fig. 2f), pyramidal in shape,
approximately 1 to 2 times the body diameter, with dis-
tinctive whip-like terminal appendages, and four horse-
shoe-shaped gonads (Fig. 2g) positioned interradially. The
exumbrella was smooth in most specimens, though some
exhibited brown-pigmented spots. The bell-shaped medu-
sae were predominantly transparent to pale bluish-grey in
colouration.

Eight rhopalia were clearly visible around the bell mar-
gin, each bordered by two-pointed, triangular-shaped lap-
pets (Fig. 2g). Eight velar lappets were present per octant,

noticeably shorter than rhopalial lappets. The species is fur-
ther characterized by sixteen radial canals, comprising eight
rhopalar and eight interrhopalar canals that extend from
the gastric cavity to a ring canal positioned one-third of the
radius inward from the edge, eventually transitioning into
a richly branched, anastomosing canal system that forms a
fine network at the umbrella margin. Four interradial spaces
between the arm-disc pillars were observed in the subum-
brellar view (Fig. 2h). The manubrium and filaments on the
oral arms were well-developed (Fig. 21). These morphologi-
cal characteristics are consistent with previous descriptions
of A. flagellatus from Indian waters and Southeast Asian
estuaries (Siddique et al. 2022a; Kitamura and Omori 2010).

Tidal Variation in Environmental Parameters

Distinct tidal variations were observed at the sampling
stations (Fig. 3). The hydrographic parameters exhibited
noticeable changes between high tide (H) and low tide (L),
reflecting the dynamic nature of this creek system. Water
temperature showed marginal (29.9 to 30.8 °C) variation
between the stations and tides. Salinity patterns showed
nearly identical values, ranging from 9.1 (L) to 10.1 (H),
with both stations showing higher salinity during high tide,
likely due to reduced freshwater dilution and marine water
influence during ebb conditions.

Turbidity measurements showed contrasting patterns
between stations. S1 exhibited higher turbidity during high
tide (1.8 NTU), which decreased to 0.9 NTU during low
tide, whereas S2 demonstrated the opposite trend, with tur-
bidity increasing from 6.3 NTU (H) to 10.2 NTU (L). This
inverse relationship suggests that different sediment dynam-
ics operate at the two locations, with S2 experiencing stron-
ger tidal resuspension during ebb flow. TSM concentrations
displayed similar contrasting patterns: at S1, TSM increased
marginally from 52 mg/L (H) to 54 mg/L (L), while at S2,
TSM increased from 23 mg/L (H) to 46 mg/L (L). Although
turbidity generally increases with TSM, the relationship
was not uniform across stations. At S2, turbidity and TSM
increased concurrently during low tide, consistent with tidal
resuspension of fine sediment. At S1, the two measures
diverged; this most likely reflects the fact that nephelo-
metric turbidity and gravimetric TSM respond differently
to changes in particle size, shape, and organic-versus-min-
eral composition, such that finer or more organic particles
can elevate the gravimetric load with comparatively little
increase in light scattering (Bright et al. 2018, 2020). The
overall elevated concentration of TSM during the study
period (August) could be attributed to the suspended load
brought through monsoon-driven riverine/terrigenous influx
(Srichandan et al. 2019). Furthermore, earlier studies from
Gopalpur Creek have also observed higher TSM due to a
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Fig. 3 Tidal variation of major biogeochemical parameters in Gopal-
pur Creek. Variations in water temperature, salinity, turbidity, Total
Suspended Matter (TSM), Dissolved Oxygen (DO), Chlorophyll-a

high anthropogenic load from upstream and discharge of
surrounding industrial and hatchery wastewater (Khadanga
et al. 2025b).

DO concentrations exhibited the most striking spatial
variability across the creek. At S1, critically low DO lev-
els (0.48 mg/L) were recorded during high tide, improving
moderately to 1.29 mg/L during low tide, but remaining in
the near-hypoxic range (DO <2 mg/L). In contrast, S2 main-
tained substantially higher DO concentrations (6.7 mg/L
at H, 6.9 mg/L at L) throughout the tidal cycle. This pro-
nounced oxygen gradient within the creek likely reflects
spatial differences in water residence time, organic matter
decomposition rates, degree of tidal flushing, and proximity

@ Springer

(Chl-a; total, micro-, nano-, and pico-fractions) are shown during high
tide (H) and low tide (L)

to marine water sources. Similar near-hypoxic levels during
the monsoon season have been previously reported from this
creek (Khadanga et al. 2025a). The hypoxia or near-hypoxia
in estuarine ecosystems can be ascribed to increased res-
piration and microbial decomposition of organic matter
(Srichandan et al. 2015).

Chl-a concentrations were elevated throughout the creek,
indicating high phytoplankton biomass characteristic of
eutrophic conditions. Total chl-a at S1 was highest during
high tide (11.1 pg/L), decreasing substantially to 5.8 pg/L
during low tide. At S2, total chl-a concentrations remained
relatively stable across tidal phases (6.5 pg/L at H, 7.1 pg/L
at L). The phytoplankton size class biomass exhibited
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complex tidal and spatial patterns. Microphytoplankton
(greater than 20 pm) showed the highest concentrations at
S1 during high tide (0.075 pg/L), dramatically declining
to 0.01 pg/L during low tide, while at S2, concentrations
increased from 0.038 pg/L (H) to 0.056 pg/L (L). Nanophy-
toplankton (2 to 20 um) displayed variable patterns, with
S1 showing an increase from 0.5 pg/L (H) to 1.8 pg/L (L),
while S2 exhibited a decrease from 3.2 pug/L (H) to 0.3 pg/L
(L). Picophytoplankton (less than 2 um) dominated the phy-
toplankton biomass at several sampling points, particularly
at S1 during high tide (8.3 pg/L) and at S2 during low tide
(4.9 pg/L), though showing considerable variability.

The dominance of picophytoplankton, particularly at
S1 during high tide, coinciding with hypoxic conditions
and high total chl-a, suggests a phytoplankton community
adapted to nutrient-rich but oxygen-limited environments.
Such tidal-driven shifts in phytoplankton size classes are
characteristic of shallow tropical estuaries where mixing
regimes influence nutrient availability and light conditions
(Cloern 1996; Muylaert et al. 2009). A similar pattern of
elevated chl-a values due to adequate nutrient availability
has been reported earlier from this creek (Baliarsingh et al.
2013). The dominance of small-celled phytoplankton under
nutrient-replete but oxygen-limited conditions has been
reported from other eutrophic Indian estuaries (Gauns et
al. 2020). Studies on phytoplankton in the oxygen-deficient
waters of the western continental shelf of India found that
such conditions markedly alter community structure, with
the bulk of the biomass occurring in the smaller (picophy-
toplankton) size range (Gauns et al. 2020). The shift from
picophytoplankton dominance during high tide to increased
nanophytoplankton contribution during low tide at S1 may
reflect tidal advection of different water masses or changes
in grazing pressure and nutrient dynamics associated with
tidal cycling. However, proliferation of nanophytoplank-
ton community during the monsoon season has also been
reported from other Indian estuarine ecosystems such as
Cochin estuary, Thane creek, Mahanadi estuary, and Chilika
lagoon (Madhu et al. 2010; Srichandan et al. 2019; Hardikar
et al. 2021).

Tidal and Spatial Patterns of Jellyfish Aggregation

Although the initial objective was to examine tidal variation
in biogeochemical parameters in Gopalpur Creek during
August 2024, an aggregation of A. flagellatus was docu-
mented, representing a finding of ecological significance
given the limited documentation of this species from the
Odisha coast. According to established classification criteria
in the literature, jellyfish swarming can be classified as low
abundance when less than 10 ind./m?, medium abundance
when 10 to 15 ind./m?, and high abundance when 15 to 25

ind./m? (Raghavan et al. 2025). Observations revealed A.
fagellatus only during low tide along the stretch from S1 to
the S2 region, with a semi-quantitative, visually estimated
density of approximately 2 individuals per square meter of
water surface, categorizing this event as a low-abundance
aggregation. However, this represents the first documented
report of A. flagellatus from both Gopalpur Creek specifi-
cally and the broader Odisha coast, thereby extending the
known geographic distribution of this species along India’s
eastern coastline. A summary of Acromitus and other jel-
lyfish aggregation event records from Indian and Asian
coastal and estuarine systems, including reported abun-
dance and associated environmental conditions, is presented
in Table 1.

The temporal restriction of jellyfish occurrence to low
tide periods merits discussion and is most parsimoniously
attributed to the limitations of the observational method
rather than to an active ecological response. Because medu-
sac were enumerated exclusively by surface visual census,
detectability was itself tide-dependent. At high tide, the
greater water depth and volume within the creek would
have distributed individuals through a deeper water column,
diluting surface densities and placing an unknown frac-
tion of the population below the layer visible from above.
Although turbidity remained comparatively low during the
survey, the principal constraint on detection was therefore
not water clarity but the inability of a surface-restricted
visual census to register submerged or passively drifting
individuals. The apparent absence of 4. flagellatus at high
tide is consequently better interpreted as reduced detectabil-
ity combined with spatial dilution than as a genuine removal
of the population from the creek. A behavioural contribution
cannot be excluded, and downward displacement towards
near-bottom zones during ebb currents has been proposed
for scyphozoans elsewhere (Syazwan et al. 2025). Such
an explanation is, however, difficult to reconcile with the
physical condition of many of the individuals recorded
here, which were motionless, adhered to the muddy banks,
or showed signs of senescence and decomposition; animals
in that state are unlikely to have been performing controlled,
directed vertical migrations. Any behavioural component
would therefore have been restricted to the fraction of the
population that remained actively swimming. Passive trans-
port may also have contributed, in that 4. flagellatus speci-
mens with smaller body sizes (100 to 200 mm bell diameter)
could have been swept seaward by strong ebb currents
more readily than larger individuals. Distinguishing among
reduced detectability, passive advection, and active behav-
iour would require depth-stratified net sampling or acoustic
survey across a complete tidal cycle, which was beyond the
scope of this opportunistic observation.
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Table 1 Selected records of Acromitus spp. and other jellyfish from coastal and estuarine systems of India and nearby regions, with reported abun-
dance/density and associated environmental conditions

Species Region/system Reported abundance/density  Associated salinity/conditions Date/Year Reference
Acromitus Gopalpur Creek, ~2 ind. m? (low-abundance Salinity 9.1-10.1; near-hypoxic ~ August 2024 Present
Sfagellatus Odisha, India (pres-  aggregation) to oxic; turbid; peak monsoon study
ent study) (August)
Crambionella Chennai coast, Bay ~ Aggregation (not quantified) ~ Seasonal coastal circulation and ~ 1981-1985 James et al.
stuhlmanni; of Bengal advection concentrating medusae (February, (1985)
Chrysaora nearshore March, June,
quinquecirrha July, August,
September)
Crambionella Off Kalpakkam, Bay Up to 17.54 t per month enter- Reversal of coastal currents 1995-1996 Masilamoni
stuhlmanni; of Bengal ing intake systems et al. (2000)
Crambionella
buitendijki;
Dactylometra
quinquecirrha
Rhizostome Off Goa, Arabian Sea Aggregation (not quantified) =~ Not Mentioned 2006 Purcell et
scyphozoan al. (2007)
Porpita porpita,  Saurashtra Coast, 20 individuals in 20 m? Coast-ward waves, SSC, and Pre-monsoon Pandya et
Velella velella, Gujarat wind al. (2015)
Physalia physalis
Lobonema smithii  Gulf of Mannar, Bay Swarm (not quantified) environmental and physical July—October Muru-
of Bengal factors gan and
Durgekar
(2008)
Porpita porpita Adri beach, Gujarat, Not quantified Monsoon conditions Monsoon 2010  CMFRI
Arabian Sea (2010a)
Porpita porpita Off Jakhau, Arabian  ~800 t seasonal production Seasonal bloom fishery Nov—Dec and CMFRI
Sea Apr—May 2010  (2010b)
Not specified Off Kochi, Manga- Swarm (not quantified) Green Noctiluca scintillans 2010-2017 Thomas et
lore, Goa, Mumbai bloom, enhanced prey availability al. (2020)
and Okha, Arabian
Sea
Not specified Sindhudurg coast of 1000 kg of jellyfish were Not Mentioned Oct—Nov 2012 Shiledar
Maharashtra, Arabian landed in two shore seine (2013)
Sea fishing
Acromitus Perak River estuary, =~ Swarming/ fishery aggregation Low salinity; high sediment load; 3—4 October Miyake et
hardenbergi Malaysia fast currents 2012, 20-21 al. (2021)
September 2013,
27-28 Decem-

ber 2014, 13-16
June 2015 and
8-11 January

2016
Pelagia noctiluca  Rushikulya, Bay of ~ 1-7 nos./10m? hydrodynamic forcing, eutrophi- Nov 2012-Feb  Baliarsingh
Bengal cation, salinity variability 2013 et al. (2015)
Not specified Dhalabali and Gopal- 80-100 nos Coastal circulation, wind-driven ~ Dec 2012 Sahu and
pur, Bay of Bengal transport, Panigrahy
(2013)
Porpita porpita Pulicat lagoon Beach stranding (not Reproductive period Dec-13 Ramanibai
quantified) et al. (2014)
Not specified Gopalpur, Bay of Swarm (not quantified) Prey availability Apr2014 Baliarsingh
Bengal et al. (2016)
Pelagia noctiluca; Shivrajpur, Gujarat  Pelagia nocti- Salinity 36.7-36.8 Jan 2016 Padate et al.
Anemonia viridis ~ coast, Arabian Sea luca—14.37+0.49 individuals (2020)
m2; 26.45+2.82 individuals
per rock pool
Anemonia viridis—6.15+1.07
individuals per rock pool
Porpita porpita Northern Arabian Sea Swarm (not quantified) Food availability (swarming February to Baliarsingh
within thick green Noctiluca March 2016 etal. (2018)

scintillans bloom)
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Table 1 (continued)
Species Region/system Reported abundance/density  Associated salinity/conditions Date/Year Reference
Porpita porpita Astaranga to Puri, >100,000 nos (mass beach Abundant food, higher tempera-  May 2016 Sahu et al.
Bay of Bengal stranding) ture, shore-ward SSC, and wind (2020)
Crambionella Kerala coast, Arabian Lychnorhiza malayensis and  Salinity~32.45-33.7 2016-2017 Riyas et al.
orsini; Lychno- Sea Chrysaora caliparea -(>71 (2021a)
rhiza malayensis; ind/100/m?) — 2016
Chrysaora calipa- Lychnorhiza malayensis and
rea,; Netrostoma Chrysaora caliparea-(> 65
coerulescens; ind/100/m?)—2017
Cyanea nozakii Netrostoma coerulescens-(>18
ind/100/m?) — 2016
Netrostoma coerulescens-(>29
ind/100/m?)—2017
Cyanea nozakii-(>25 ind/100/
m?) - 2016
Netrostoma coerulescens-(>29
ind/100/m?)—2017
Acromitus Kerala coast, Arabian >300 ind/100 m? in pre-mon-  Salinity~21.01 to 25.51 2016-2019 Riyas et al.
flagellatus Sea soon and >210 ind/100 m? in (2025)
post-monsoon
Chrysaora cali- Off Kerala, Arabian ~ Bloom (not quantified) Not Mentioned 2017-2018 Riyas et al.
parea; Cyanea Sea (2021b)
nozakii; Lychno-
rhiza malayensis
Crambionella Off Andhra Pradesh, Bloom (not quantified) Seasonal fishery period Mar—Jul 2018 Behera et
annandalei Bay of Bengal al. (2020)
Blackfordia vir- Cochin estuary 0.35+0.35 ind. m3 (early Salinity~20.17 May-18 Vineetha et
ginica, Acromitus pre-monsoon) al. (2022)
flagellatus, Pleu- 0.73+0.43 ind. m (late
robrachia sp. pre-monsoon)
Pelagia noctiluca  Southern Hare Island > 100/m? approximately Decrease in seawater salinity 16 Oct 2018 Ramesh et
and Manoli Island, al. (2021)
Gulf of Mannar, Bay
of Bengal
Pelagia cf. Ratnagiri, Arabian 7550+576 ind. m3 Salinity 36 psu Dec 2018 Hari Praved
noctiluca Sea et al. (2021)
Acromitus Cochin backwaters,  Bloom/swarm (not quantified) Salinity <19; pre-monsoon 2019 to 2023 Raghavan
Sfagellatus India et al. (2025)
Acromitus
maculosus
Porpita porpita Vadakadu to Olai- Beach stranding (not shoreward currents and wind- 7-14 Dec 2020  Tharik et al.
kuda Coastline, quantified) driven drift due to Cyclone Nivar (2021)
Rameswaram Island,
Gulf of Mannar, Bay
of Bengal
Acromitus Sundarbans (Sap- 5200+440 individuals m™ Salinity ~24.5; turbid; low DO, Feb-21 Siddique et
flagellatus tamukhi channel), nutrient-rich estuarine waters al. (2022a)
India
Porpita porpita Visakhapatnam Beach stranding (not Salinity~32.1 16-03-2021 Pattnayak
quantified) et al. (2023)
Porpita porpita Coast of Mandyv, Beach stranding (not South-westerly monsoon winds,  Aug-21 Shah and
Gujarat quantified) higher water temperature, and Shah
salinity (2021)
Porpita porpita Kavaratti Island, Beach stranding (not Strong winds, Climate change- Dec-21 Marimuthu
Lakshadweep quantified) mediated rise in water tem- et al. (2022)
perature and a northward shift of
plankton assemblages
Acromitus Negombo estuary, Sri  Swarm (not quantified) Salinity ~20 May 2022 - Samar-
flagellatus Lanka April 2024 weera and
Dissanay-
ake (2025)
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Table 1 (continued)
Species Region/system Reported abundance/density  Associated salinity/conditions Date/Year Reference
Physalia physalis, Mandvi, Dwarka, Physalia physalis (142-218 Wind pattern and direction, July - August Sabapara et
Velella velella, Harsid dhi, Mangrol, ind. per 100 m shoreline) warmer temperatures 2022 al. (2022)
Porpita porpita,  Adri, Veraval, Sutra-  Porpita porpita (5-24 ind. per
pada, and Kodinar 100 m shoreline)
Velella velella (1-3 ind. per
100 m shoreline)
Porpita porpita, ~ Mangrol shore, Beach stranding (not Post-monsoon nutrient enrich- Sep-22 Aghera et
Physalia physalis, Gujarat quantified) ment, plankton blooms, and al. (2025)
Aurelia sp., Salpa wind-driven transport
Sp.
Lobonemoides Gahirmatha 200-700 individuals Salinity ~ 14.48 27-28 Septem-  Mahapatro
gracilis per bloom patch; bloom ber 2022 et al. (2025)
area~20 km?
Porpita porpita Southeastern 1.3 individuals m Salinity ~30 ppt, NW onshore April 10,2024  Bhowmik
Bangladesh winds (~19kmh™"), monsoon- et al. (2025)
current transport
Pelagia noctiluca  Off Visakhapatnam 150 ind./m? Salinity ~33.61 27-Jun-24 Siddique et
al. (2026)
Porpita porpita Astaranga, the east Beach stranding (not High SST, Coastward currents &  5th September ~ Barik et al.
coast of India quantified) winds 2024 (2025)
Chrysaora cali- Tarkarli, Sindhudurg  67% of the total November Salinity ~32.0 Nov-24 Dhale et al.
parea, Chrysaora Fish catch (2026)
chinensis

The timing of the 4. flagellatus aggregation observed in
this study presents an interesting departure from previously
documented patterns in Indian estuaries. Most reports indi-
cate that swarming of A. flagellatus occurs predominantly
between November and May, corresponding to post-mon-
soon and pre-monsoon seasons. For instance, swarming of
A. flagellatus was observed between November and May
from 2016 to 2019 in the backwaters of Kerala (Riyas and
Biju Kumar 2019). Further, blooms of A. flagellatus have
also been noticed during March 2017 in Cochin backwaters
(Peter et al. 2018). Another study documented swarms of 4.
flagellatus in Cochin Backwater during late pre-monsoon,
specifically April and May 2019 and 2020 (Raghavan et
al. 2025). Furthermore, blooms of 4. flagellatus have been
observed in January and February in other regions of India
(Hemavathi 2017; Siddique et al. 2022a; Bhowal et al.
2023).

In contrast, the observation of A. flagellatus aggrega-
tion during the peak monsoon season (August) differs from
earlier reports from Indian estuarine waters. This temporal
discrepancy raises important ecological questions about the
environmental triggers and physiological tolerances of this
species. Recent investigations suggest that climate-driven
shifts in monsoon patterns and anthropogenic modifica-
tions to estuarine hydrology may be altering the seasonal
windows favourable for jellyfish proliferation in the Bay
of Bengal region (Baliarsingh et al. 2020; Siddique et al.
2023), although such drivers were not evaluated in the
present study. The monsoon occurrence documented here
may tentatively indicate either: (1) increasing ecological
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plasticity and adaptation of A. flagellatus populations to
variable environmental conditions, (2) localized environ-
mental conditions in Gopalpur Creek that differ substan-
tially from other Indian estuaries, or (3) an emerging shift
in swarming phenology potentially linked to anthropogenic
alterations of the system. Because the present study is based
on a single observational event, these explanations are
advanced as hypotheses requiring further testing rather than
as conclusions supported by the current data. Further long-
term monitoring is necessary to determine whether this rep-
resents an anomalous event or an emerging trend in jellyfish
ecology along the Odisha coast.

Plankton Community Composition During the
Aggregation of Acromitus flagellatus

The phytoplankton community during the aggregation event
was composed of three major groups: diatoms, dinoflagel-
lates, and cyanobacteria. The observed taxa were largely
represented by Cylindrospermum sp., Synedra ulna, Pro-
rocentrum minimum, Pyrophacus steinii, Scenedesmus
quadricauda, Phormidium sp., Merismopedia glauca,
Coscinodiscus sp., Anabaena sp., Prorvocentrum micans,
and Trichodesmium erythraeum. The dinoflagellate commu-
nities described above have been reported to be mixotrophic
(Jeong et al. 2005; Badylak and Phlips 2004). It has also been
shown that mixotrophic dinoflagellates can survive longer
without light than strict autotrophs because they can acquire
carbon and energy heterotrophically (Jeong 2011; Keller et
al. 2014). The presence of small-celled cyanobacteria and
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dinoflagellates in the samples is characteristic of eutro-
phic tropical estuaries experiencing high nutrient loads
and reduced water clarity (Lueangthuwapranit et al. 2011;
Srichandan et al. 2015). The presence of Trichodesmium
erythraeum, typically associated with nitrogen fixation in
oligotrophic waters, alongside eutrophic indicators, sug-
gests complex nutrient dynamics and possible marine influ-
ence even during the monsoon.

Qualitative taxonomic examination of the zooplankton
samples collected during the aggregation showed that the
samples contained Brachionus sp., represented by Bra-
chionus calyciflorus, Brachionus bidentatus, Brachionus
rubens, and Brachionus plicatilis. The occurrence of these
rotifer species is noteworthy, as they are recognized as
indicators of eutrophic conditions and organic pollution in
estuarine systems. The genus Brachionus thrives in envi-
ronments with high organic matter, low DO, and elevated
nutrient concentrations, and its occurrence has been consis-
tently associated with deteriorated water quality in Indian
estuaries (Varghese and Krishnan 2013; Arora and Mehra
2003). The literature also suggests that natural populations
of Brachionus adapt to low-oxygen environments by low-
ering their metabolic rate, which alters their reproductive
schedule and extends generation times (Esparcia et al. 1989;
Snell et al. 2019). The samples also included copepods
namely, including Acartia danae, Acartia erythraea, Acar-
tia spinicauda, Acartia centrura, Subeuclanus subcrassus,
Microsetella rosea, Centropages furcatus, Acrocalanus
longicornis, Acrocalanus gibber, as well as Sagitta enflata,
copepod nauplii, gastropod veliger, and barnacle nauplii.
The co-occurrence of Acartia species, which are euryhaline
copepods tolerant of variable salinity conditions, along-
side rotifers and chaetognaths, suggests a taxonomically
varied but stress-tolerant zooplankton assemblage. The co-
occurrence of Brachionus and Acartia, has similarly been
reported during jellyfish swarming events in other tropical
Asian estuaries, suggesting common trophic conditions that
favour both rotifers and gelatinous predators (Vineetha et
al. 2022). A prevalence of microzooplankton has also been
reported in another estuarine ecosystem, such as the Sun-
darban estuary (India), although the species composition
differed (Bhowal et al. 2023), likely reflecting regional dif-
ferences in environmental conditions and anthropogenic
pressures. Because both the phytoplankton and zooplankton
were examined qualitatively rather than by quantitative enu-
meration, the descriptions above refer only to the presence
of taxa in the samples and carry no implication regarding
their relative abundance; quantitative cell- and individual-
density data would be required to characterize community
structure or to establish patterns of dominance during the
aggregation.

Environmental Conditions Associated with the
Aggregation Event

Salinity is an important factor in controlling the spatial dis-
tribution of gelatinous zooplankton in tropical coastal and
estuarine ecosystems (Balgis et al. 2019; Syazwan et al.
2020; Nogueira Jr et al. 2018; Karati et al. 2021). In par-
ticular, 4. flagellatus, commonly called the “River jelly-
fish,” is known to occur in seas, estuaries, and low-salinity
waters along the Indian coast (Panikkar and Aiyar 1939).
For instance, salinity ranges of less than 17 PSU and greater
than 21 PSU in Kochi Backwater (India) and salinity of 24.5
PSU in the Sundarban estuarine area (India) were noted as
potentially reducing the density and distribution of 4. flag-
ellatus (Raghavan et al. 2025; Siddique et al. 2022a). Fur-
thermore, studies from other tropical estuaries, such as the
Matang mangrove estuary (Malaysia), have also shown a
higher abundance of 4. flagellatus during moderately low
salinity conditions (Syazwan et al. 2020). Another tropi-
cal study reported that jellyfish abundance in the Negombo
estuary (Sri Lanka) peaked at approximately 20 PSU with
swarming of A. flagellatus (Samarweera and Dissanayake
2025). Similarly, investigation in the Pearl River estuary,
China, have documented optimal salinity ranges of 15 to 25
PSU for scyphozoan aggregations in monsoon-influenced
systems (Lee et al. 2017).

However, these earlier reports contrast with the present
investigation, where the recorded salinity was exception-
ally low at 9.1 to 10.1, substantially lower than previously
reported ranges for A. flagellatus aggregations. This find-
ing is particularly significant as it demonstrates the species’
presence and aggregation capability under extreme oligoha-
line conditions rarely documented in previous studies. The
occurrence of A. flagellatus at such low salinities may be
related to the euryhaline nature and osmoregulatory capac-
ity reported for the species (Samarweera and Dissanayake
2025); however, these capacities were not measured here,
and the observation should be regarded as a field record
rather than direct evidence of physiological tolerance.
Recent physiological studies on scyphozoans have revealed
sophisticated ion regulation mechanisms and adaptive
strategies that enable survival across wide salinity gradi-
ents, including upregulation of osmoregulatory genes and
modifications in mesoglea water content (Giovagnoli 2023;
Wright and Purcell 1997). Although a congeneric species,
A. hardenbergi, has been reported abundantly in estuaries of
the Perak River with relatively lower salinity (Yusoff et al.
2006; Nursuhayati et al. 2013), the salinity at which 4. flag-
ellatus was observed in this study is lower than the ranges
previously documented for the species. Additionally, it has
been suggested that A. hardenbergi has adapted to estua-
rine environments characterized by drastic salinity changes,
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abundant sediment loads, and fast currents (Miyake et al.
2021), traits that may also apply to A. flagellatus popula-
tions in monsoon-dominated systems like Gopalpur Creek.

In addition to salinity tolerance, DO availability repre-
sents another critical environmental factor influencing jel-
lyfish distribution. Literature suggests that deterioration of
water quality, higher turbidity, and lower DO concentra-
tions can lead to patchy aggregation and swarms (Purcell
et al. 2007). Many studies have also reported that jellyfish
can thrive at low DO concentrations, even in hypoxic con-
ditions (DO<2 mg L™ 1), due to lower metabolic oxygen
requirements and the ability to store oxygen in the intragel
matrix of the mesoglea (Purcell and Arai 2001; Vineetha et
al. 2022). The gelatinous body structure of scyphozoans,
composed primarily of water (greater than 95%), confers
significant advantages in oxygen-depleted environments by
minimizing metabolic demands and maximizing oxygen dif-
fusion efficiency (Thuesen et al. 2005; Purcell et al. 2001).
In this study, 4. flagellatus appeared across the creek under
variable oxygen regimes, ranging from severely hypoxic
conditions (0.48 to 1.29 mg/L at S-1) to well-oxygenated
conditions (6.7 to 6.9 mg/L at S-2). The occurrence of A.
fagellatus across this oxygen gradient is consistent with the
broad tolerance reported for scyphozoans elsewhere; how-
ever, oxygen tolerance was not directly tested in the present
study, and these field observations should not be interpreted
as evidence of physiological tolerance limits. The apparent
ability to occur under both hypoxic and normoxic conditions
suggests that oxygen availability, while potentially influenc-
ing distribution patterns, may not represent a primary limit-
ing factor for A. flagellatus in this system. Broad hypoxia
tolerance has been documented in other scyphozoan species
from tropical estuaries, where jellyfish can exploit oxygen-
depleted zones that exclude competing predators and reduce
predation pressure (Miller and Graham 2012; Breitburg et
al. 2018). Further, this hypoxic condition may benefit jel-
lyfish feeding rates as prey mobility and escaping ability are
hampered by low oxygen levels (Purcell et al. 2001; Decker
et al. 2004; Shoji et al. 2005). For instance, studies have
shown that the ingestion rate of fish larvae by moon jel-
lyfish (Aurelia aurita) doubled as DO decreased (Shoji et
al. 2005).

A question left open by the framing of this study con-
cerns the potential predatory impact of A. flagellatus on the
plankton assemblage of a creek that functions as a nursery
ground for finfish and shellfish. Rhizostome medusae such
as Acromitus bear fused oral arms with numerous small
mouth openings and are generally regarded as opportunistic
suspension feeders on small particles and microzooplankton
rather than as visual predators on larger prey (Kitamura and
Omori 2010; Siddique et al. 2022a). The reported ecological
outcomes are, however, inconsistent: reduced chlorophyll-a
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during an 4. flagellatus swarm in the Sundarbans has been
attributed to this feeding mode (Siddique et al. 2022a),
whereas in the Cochin estuary, elevated jellyfish abun-
dance coincided with increased chlorophyll-a, interpreted
as an indirect consequence of nutrient regeneration through
excretion (Vineetha et al. 2022). The net effect on plankton
assemblages therefore, appears to be context-dependent and
governed by medusa density, prey composition, and system
residence time. It should be emphasised that, to our knowl-
edge, no species-specific ingestion or clearance rates have
been published for A. flagellatus, and no study has tested
whether its feeding rates are enhanced under hypoxia; the
ingestion data cited above for Aurelia aurita (Shoji et al.
2005) are presented only as an illustration of a mechanism
reported for scyphozoans generally and are not extrapolated
to the present species. In the case documented here, the
aggregation was of low abundance (approximately 2 ind.
m’ 2, semi-quantitative visual estimate) and was observed on
a single occasion, so a measurable predatory impact on the
plankton community or on the nursery function of Gopalpur
Creek is unlikely to have arisen from this particular event.
Densities reported elsewhere for the species are neverthe-
less orders of magnitude higher (for example, 52004440
ind. m~? in the Saptamukhi channel of the Sundarbans; Sid-
dique et al. 2022a), and at such concentrations predation
on microzooplankton and ichthyoplankton, together with
dietary overlap with fish larvae, could plausibly become
ecologically significant. Resolving this will require gut-con-
tent analysis, laboratory clearance-rate experiments across
oxygen and salinity gradients, and stable-isotope charac-
terisation of trophic position; these measurements were not
undertaken here and are identified as priorities for subse-
quent work in this system.

The relationship between phytoplankton biomass and jel-
lyfish occurrence also warrants examination. Chl-a concen-
trations throughout the creek were elevated, ranging from
5.8 to 11.1 pg/L, indicating high phytoplankton biomass
typical of eutrophic conditions. The size structure analysis
revealed variable contributions from different phytoplank-
ton size classes, with nanophytoplankton and picophyto-
plankton dominating at different tidal phases and locations.
The increased total chl-a concentration during this study
could be related to increased nutrient levels in the system.
However, previous studies in this creek have reported chl-a
of 0.54 to 1.11 pg/L during the monsoon season (Baliars-
ingh et al. 2013), suggesting that the current study captured
a period of exceptionally high phytoplankton biomass.
Some recent studies have reported low chl-a values, while
others have reported increased chl-a concentrations during
A. flagellatus blooms. For instance, low chl-a levels due to
the non-specific opportunistic feeding behaviour of 4. flag-
ellatus have been reported from the estuarine waters of the
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Saptamukhi River channel in the Sundarbans deltaic region,
India (Siddique et al. 2022a). Another study has reported that
higher jellyfish abundances and their ammonia excretion
may have contributed to increasing nutrient levels and, con-
sequently, a rise in chl-a concentration in the Cochin estu-
ary, India (Vineetha et al. 2022). Furthermore, the variation
in biomass of nano-, pico-, and micro-phytoplankton may
be related to the non-specific opportunistic feeding behav-
iour of A. flagellatus. The complex interactions between jel-
lyfish grazing, nutrient regeneration through excretion, and
phytoplankton dynamics have been increasingly recognized
as important feedback mechanisms in eutrophic estuarine
systems (Pitt et al. 2009; Condon et al. 2010).

Turbidity and suspended matter also appear to play
important roles in creating favourable conditions for jel-
lyfish aggregations. Literature suggests that high turbidity
(increased TSM) of estuarine ecosystems favour jellyfish
(Purcell et al. 2007). The elevated TSM concentrations
throughout the creek and variable turbidity appear to have
provided suitable conditions for A. flagellatus aggregation.
Similar to this study’s findings, a recent study in the Cochin
estuary (India) also found a positive relationship between A.
fagellatus and TSM, supporting their preference for turbid
water (Vineetha et al. 2022). High turbidity may benefit jel-
lyfish by reducing visual predation pressure, providing ref-
uge from UV radiation, and supporting elevated densities
of their zooplankton prey (Eiane et al. 1999; Purcell and
Sturdevant 2001).

Finally, the role of anthropogenic nutrient enrichment
may be a relevant contextual factor when considering the
environmental context of this jellyfish occurrence. As inor-
ganic nutrients (e.g., ammonium, nitrate, phosphate, and sil-
icate) were not measured in the present study, eutrophication
is inferred indirectly from elevated chlorophyll-a, the preva-
lence of small-celled phytoplankton, and the occurrence of
eutrophication-tolerant zooplankton; previously reported
nutrient enrichment in this creek (Baliarsingh et al. 2013;
Khadanga et al. 2025b) provides supporting context. Stud-
ies by Baliarsingh et al. (2013) in Gopalpur Creek reported
an external nutrient source from the surrounding area due
to anthropogenic influence from nearby hatcheries. Accord-
ing to Samarweera and Dissanayake (2025), anthropogenic
nutrient inputs resulting from wastewater discharges asso-
ciated with fishing and aquaculture practices can stimulate
phytoplankton productivity, thus indirectly supporting jelly-
fish population growth. Similar conditions in the study area
may enhance the retention of jellyfish and zooplankton prey.
Accordingly, the associations between A. flagellatus and
eutrophication, aquaculture effluents, and altered hydrology
are presented here as potential contributing factors rather
than demonstrated causes. The synergistic effects of nutri-
ent enrichment, altered hydrology, and habitat modification

have been implicated in jellyfish proliferation across mul-
tiple Indian estuarine systems (Purcell 2012; Baliarsingh et
al. 2020; Siddique et al. 2022b). Taken together, the con-
ditions observed during this study are consistent with the
broad environmental tolerance attributed to A. flagellatus
in the literature; direct physiological assessment would be
required to confirm the plasticity inferred here.

Conclusion

The present study provides the first documented evidence
of Acromitus flagellatus aggregation in the Gopalpur Creek
along the Odisha coast, India, during the peak monsoon sea-
son. The occurrence of this species under low-salinity (9.1 to
10.1), moderately turbid, and apparently nutrient-enriched
conditions is consistent with broad ecological tolerance,
although physiological tolerance was not directly assessed.
The observed association between increased turbidity,
higher chlorophyll-a concentrations, and jellyfish presence
suggests that eutrophic and low-oxygen environments may
favour A. flagellatus aggregation. Contrary to earlier studies
from other Indian estuaries reporting A. flagellatus swarms
during post- and pre-monsoon periods, the present findings
lead us to hypothesize that monsoonal hydrological fluctua-
tions and nutrient influx may act as additional triggers for
aggregation formation in this system; given that this infer-
ence rests on a single observational event, it requires confir-
mation through further investigation. Anthropogenic inputs
from aquaculture effluents and land-based discharges may
represent potential contributing factors rather than demon-
strated drivers. The principal contribution of this study is
the first documented record of A. flagellatus in Gopalpur
Creek and a description of the environmental conditions
observed during the aggregation; broader inferences regard-
ing physiological tolerance, eutrophication, and anthropo-
genic influence require direct measurement and longer-term
monitoring.

This baseline study contributes to understanding the
ecological responses of tropical estuaries to environmental
stress and highlights the need for long-term monitoring of
gelatinous zooplankton as indicators of ecosystem health.
Future investigations integrating molecular, trophic, and
biogeochemical analyses, including direct measurement
of inorganic nutrients and quantitative plankton enumera-
tion, and quantification of medusa feeding and clearance
rates, are essential to elucidate the mechanisms underlying
jellyfish swarming, to evaluate the predatory impact of A.
flagellatus on the plankton assemblage and nursery function
of the creek and to establish implications for fisheries and
coastal management in the Bay of Bengal region.
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