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A B S T R A C T

The invasive ctenophore Mnemiopsis leidyi poses ecological threats in invaded coastal ecosystems such as the 
Venice Lagoon due to its high fecundity and adaptability to various climates. Although its dynamics have been 
studied in other regions, information from Mediterranean lagoons, which are characterized by strong spatial and 
seasonal variability in environmental conditions, remains limited. This study provides the first integrated field 
and laboratory investigation of the species’ ecological niche in the Venice Lagoon, combining two years of spatial 
distribution monitoring with controlled experiments to define key environmental thresholds for its survival. Our 
results shows that the species displays a seasonal pattern, blooming in late spring and late summer-early autumn, 
likely related to warmer temperatures and optimal salinity; indeed, its abundance positively correlated with 
water temperature and salinity. The controlled laboratory results integrated field observations by showing that 
M. leidyi can survive across a wide range of temperatures (10–32 ◦C) and salinities (10–34), but the extreme 
conditions of this range, such as very high temperatures (32 ◦C) or low salinity (10), markedly reduced its 
survival. By integrating in situ observations with experimentally estimated thresholds, this study provides novel 
insights into the ecological niche of M. leidyi in a Mediterranean lagoon. The results suggest that ongoing climate 
change may shift the lagoon towards more favorable conditions for this species, potentially intensifying bloom 
events and their cascading ecological impacts. These findings highlight the need for targeted monitoring and 
adaptive management to mitigate the ecological and socio-economic consequences of M. leidyi expansion.

1. Introduction

The sea walnut Mnemiopsis leidyi is a lobate ctenophore listed as one 
of the 100 most invasive species worldwide by the International Union 
for Conservation of Nature (IUCN) (Lowe et al., 2000). Native to the 
Atlantic American coasts, it expanded beyond its native range since the 
80’s, due to the increasing maritime traffic and global trade, and started 
a massive invasion of European seas (Ghabooli et al., 2013; Bayha et al., 
2015; Shiganova et al., 2019; Putelli et al., 2025). A number of biolog
ical and ecological characteristics are the basis for the success of this 
species in the invaded areas. Its eurythermal and euryhaline character
istics enable the species to tolerate a wide range of salinity and tem
perature values in native areas as well as in Eurasian seas (Costello et al., 
2012; Shiganova, 2020), with the growth optimum regionally 

depending on the combination of temperature, salinity, and prey 
availability. Moreover, M. leidyi can successfully establish in the invaded 
habitats due to its high fecundity rate and its capacity to self-fertilize. 
This species is, indeed, a simultaneous hermaphrodite that can pro
duce up to 14000 eggs per day (highest fecundity observed in the coastal 
areas of the Northern Adriatic Sea; Malej et al., 2017). These charac
teristics can lead to massive blooms of the species, which can cause 
severe damages to species and ecosystems and the associated services. 
The first invaded area where the impact of this species was disruptive 
was the Black Sea, where the first massive bloom was recorded in 1989 
(the biomass of ctenophores was around 840 million tonnes) (Shiganova 
et al., 2019). Favoured by the warming of the sea, the ecosystem expe
rienced a strong regime shift with the collapse of the European anchovy 
Engraulis encrasicolus stock and cascading impacts on fisheries as well as 
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socio-economic consequences for local communities (Vinogradov and 
Shushkina, 1992; Shiganova et al., 2019).

In the Northern Adriatic Sea few individuals of M. leidyi were first 
observed in the Gulf of Trieste in October 2005 (Shiganova and Malej, 
2009) and then not seen again for a decade. There, from 2016, blooms of 
this species reappeared every summer (Malej et al., 2017; Pestorić et al., 
2021; Tirelli et al., 2021), possibly correlating with a decrease in an
chovy population due to competition for zooplankton (Budǐsa et al., 
2021) as observed also in the Black Sea (Vinogradov and Shushkina, 
1992; Shiganova et al., 2019). Impacts have been highlighted also in 
lagoons, in particular in the Venice Lagoon, where small-scale fishery 
landings decreased concurrently with the massive presence of M. leidyi 
and water warming (Piccardi et al., 2024). Little is still known about the 
relation between climate change and the spread of this invasive cteno
phore, a relevant issue considering the accelerating changes in sea water 
conditions, in particular in shallow and enclosed areas such as lagoons.

Despite the growing relevance of M. leidyi invasion in the 

Mediterranean, some research gaps still remain; little is known about the 
actual tolerance thresholds to temperature and salinity and the spatial 
distribution of M. leidyi in Mediterranean transitional systems, where 
environmental gradients may shape its establishment and spread. The 
Venice Lagoon offers an ideal model system to address these gaps due to 
its unique hydrodynamics, shallow morphology, high socio-economic 
importance, and its spatio-temporal variability of temperature and 
salinity (Solidoro et al., 2010; Zirino et al., 2014; Tagliapietra et al., 
2018). Understanding the environmental preferences of M. leidyi and its 
survival to different combinations of temperature and salinity is there
fore fundamental to predict its future spread in the Venice Lagoon, the 
nearby Adriatic Sea, and other coastal areas, under ongoing climate 
change. Indeed, the aim of this study was to characterize the local 
ecological niche of M. leidyi, focusing on two key environmental factors, 
water temperature and salinity, and their possible interactions. This goal 
was achieved by 1) investigating the spatial distribution of M. leidyi in 
relation to environmental parameters in the Venice Lagoon during two 

Fig. 1. Map of the sampling sites in the Venice Lagoon (Italy). Aerial pictures from Google Earth Pro (v. 7.3.4.8642). The map markers show the start (“1”) and end 
(“2) of each transect (identified by a letter, with the alphabetical order reflecting the chronological order of surveys); the letters “S”, “C” and “N” at the end of the 
transect code indicate the surveyed lagoon part.
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years of field sampling before and during the season of massive aggre
gations of the species, and 2) conducting laboratory experiments to 
verify the findings derived from the field observations with the ultimate 
goal of finding out whether and which combinations of temperature and 
salinity could inhibit the survival of M. leidyi.

2. Materials and methods

2.1. Study area and sampling sites

The Venice Lagoon (Italy) is the largest lagoon of the entire Medi
terranean Sea, situated along the north-western coasts of the Adriatic 
Sea and hosting a complex ecosystem (Fig. 1) (Ravera, 2000). The 
lagoon can be divided in three areas according to the 3 inlets connecting 
it to the sea (Fig. 1): northern (Lido), middle (Malamocco). and southern 
(Chioggia). With a mean depth throughout the shallow parts of the 
lagoon of about 1 m, it is highly subjected to temperature and salinity 
variations influenced by the seasons, tidal shifts and rainfall events. 
Especially close to river mouths, salinity can be highly influenced by 
river runoff, and in particular the northern area of the lagoon generally 
has a lower salinity than the central and southern areas (Zirino et al., 
2014). The Venice Lagoon hosts an important vegetal and animal 
biodiversity, being used as a nursery area by many local fish species 
(Marani et al., 2006), frequented by many waterbirds, and characterized 
by various important coastal habitats such as mudflats and salt marshes, 
endangered by human-driven erosion and sea level rise, and seagrass 
meadows (Tagliapietra et al., 2018; Tommasini et al., 2019). This 
ecosystem has a high socio-economic value for the local fishery and 
aquaculture activities (Rossetto, 2000; Solidoro et al., 2010; Piccardi 
et al., 2024).

To understand the spatial distribution of the invasive ctenophore 
M. leidyi in relation to abiotic parameters, field survey campaigns were 
carried out in 2022 and 2023, starting shortly before what in our 
experience was the seasonal period of ctenophore appearance in the 
lagoon: from June 2022 to October 2022 in the southern part of the 
lagoon, and from April 2023 to October 2023 in the northern, central 
and southern parts of the lagoon (see SI). In each lagoon part, 15 tran
sects were surveyed to collect ctenophores using a bongo net (mouth of 
the net 18 cm, mesh size of 200 μm and 300 μm respectively, with a 
flowmeter attached to one of the nets). Considering the size of M. leidyi 
adult individuals (≥1 cm), we assumed that the two different mesh size 
did not affect the collection. Each transect had an average length from 
start to end point of approximately 200 m; the first transect was selected 
as the furthest inland of all the three-lagoon areas, while the last transect 
was selected as the closest to the sea. The tows were performed with the 
boat going backwards at minimum speed (approx. 2.22 km/h), to avoid 
entangling the bongo net with the boat propeller. All tows were con
ducted during high tide and lasted less than 2 h.

At the start and at the end of each transect, the abiotic parameters 
were measured at a depth of approximately 10 cm using a HANNA 
multiparametric probe, specifically: water temperature (◦C), dissolved 
oxygen concentration as percentage of saturation and mg/L, and 
salinity. The initial and final depths of each transect were recorded using 
the acoustic depth gauge installed in the boat “D’Ancona” of University 
of Padova. The data collected at the beginning and end of the transect 
were averaged to estimate the water parameters and depth of the entire 
transect. The total number of ctenophores collected at each transect was 
recorded and, according to the sample size, all specimens or a randomly 
selected subsample of 100 adult specimens was brought to the labora
tory of the Hydrobiological station “Umberto D’Ancona” (Department of 
Biology, University of Padova) in Chioggia, where their length (LT) and 
width (LW) were measured in centimetres using a calliper (±0.1 cm).

To calculate the volume of water (m3) sampled during each tow, the 
following formulas were used: 

Sampled Water volume=2 × 0.3 × 0.0254 × number of revolutions 

Where 2 are the bongo nets, 0.0254 is the area of the mouth of the net 
expressed in m2, 0.3 is a constant characterizing the HydroBios flow 
meter used and the number of revolutions made by the flowmeter is 
obtained as the difference between initial and final counts.

The number of ctenophores per m3 was computed as: 

Number of ctenophores caught
Sampled water volume 

2.2. Experimental set up for the survival experiments in the laboratory

To evaluate the tolerance of M. leidyi to different combinations of 
temperature and salinity in the Venice Lagoon, a survival experiment 
was carried out at the facilities of the University of Padova’s Hydrobi
ological Station “Umberto D’Ancona”. Four temperature values were 
chosen: 10 ◦C, 18 ◦C, 28 ◦C and 32 ◦C. Temperature 18 ◦C is the mean 
water temperature of the lagoon in November of the last 10 years (data 
have been recorded at the Hydrobiological Station approximately every 
day since 1973 with a multiparametric probe, see https://chioggia.bio 
logia.unipd.it/en/the-database/parameters-of-lagoon/for details); the 
temperature of 28 ◦C was chosen because it represents the upper limit at 
which M. leidyi is reproductively active according to previous studies 
(Costello et al., 2012). Temperature 32 ◦C and temperature 10 ◦C are the 
warmest and coldest temperatures measured in the last 10 years in the 
summer and winter months in the southern part of the Venice Lagoon 
(data have been recorded at the Hydrobiological Station approximately 
every day since 1973 with a multiparametric probe, see https://chioggia 
.biologia.unipd.it/en/the-database/parameters-of-lagoon/for details). 
Four salinity values were chosen: 10, 20, 30 and 34. The northern lagoon 
displays the lowest salinity values (10 and 20) (Zirino et al., 2014), as 
most of the rivers discharging freshwater into the Venice Lagoon are 
located in the northern part of the lagoon; 30 is approximately the 
average salinity in the central and southern part of the Venice lagoon, 
while 34 was chosen as one of the highest salinity values recorded at the 
Hydrobiological Station as described above, and is representative of 
marine conditions (Zirino et al., 2014).

The experiment consisted of a one-week survival test for the cteno
phores at each combination of temperature and salinity and took place 
in July and August 2023 and 2024. A total of 240 specimens were tested, 
15 specimens for each combination of temperature and salinity. 
Ctenophores were collected with a hand net in the canals of Chioggia in 
July and August 2023 and 2024. Each specimen was first measured in 
length and width using a caliper (±0.1 cm) and then placed in a plastic 
container (25x18 × 13 cm) filled with filtered (1.2 μm) lagoon water at 
approximately in situ conditions (temperature: 28 ◦C; salinity: 34). The 
temperature was changed within 24 h by moving the containers to their 
respective thermo-regulated laboratories: one laboratory at 10 ◦C, 
another at 18 ◦C and the last at 28 ◦C; to reach 32 ◦C, the containers were 
moved to a larger tank with heaters that could hold 4 small plastic 
containers (each with the ctenophore inside). Salinity was changed 
manually by adding filtered (1.2 μm) freshwater every 6 h until the 
target salinity was reached for each experimental condition; this time 
interval was chosen considering the tidal regime in the Venice Lagoon 
(Cucco et al., 2009).

Once the target temperature and salinity were reached, the experi
ment started. The environmental parameters were recorded every 12 h 
with a “HANNA” multiparametric probe, and the vitality of the speci
mens was checked twice per day in each container. The movement of the 
cilia was used as an indicator of the animal’s vital status (Tamm, 2014). 
Once per day, after completing the measurements and checking the 
survival status of the animal, all ctenophores were fed with approxi
mately 200–1000 Artemia salina nauplia per individual (Soto-Angel 
et al., 2024). The survival rate of each specimen was then evaluated as 
the cumulative hours the specimen was alive. The experiment lasted up 
to a maximum of 168 h.
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2.3. Data analysis

All data were included in a spreadsheet database, then analyses were 
conducted using Microsoft Excel, Google Earth (https://earth.google. 
com/web/) mapping, R (Vers. 4.0.5) and RStudio (Vers. 1.4.1106). T- 
tests were used to evaluate differences in temperature, salinity, or 
ctenophore abundance between 2022 and 2023 (considering samplings 
from June to October) in the southern part of the lagoon. Two-way 
ANOVA and post-hoc Tukey tests were used to evaluate differences in 
temperature, salinity, or ctenophore abundance between months and 
different lagoon areas (north, central, south) in 2023, and to test for any 
difference in ctenophore survival between the different experimental 
combinations of temperature and salinity. In all the analyses July and 
August were combined into 1 month as, in one case, the July sampling 
was carried out in early August for logistical issues. To assess the rela
tionship between ctenophore abundance and in situ environmental 
variables, we fitted a Generalized Linear Mixed Model (GLMM) using the 
lme4 package in R (Vers. 4.0.5) and RStudio (Vers. 1.4.1106), assuming 
a Poisson distribution for the response variable (Bates et al., 2015). The 

Poisson GLMM was initially fitted to model the effects of Temperature 
and Salinity on organism abundance, with Month and Area included as 
random intercepts. Diagnostic checks indicated substantial over
dispersion in the initial model. To address this, we added an 
observation-level random effect (OLRE), which eliminated the over
dispersion. All results reported are based on the corrected model. 
Abundance in each transect was modelled as a function of temperature 
and salinity (taken as average of measures at the start and at the end of 
each point of the transect) as fixed effects. To account for repeated 
sampling and potential spatio-temporal patterns and autocorrelation, 
we included months and lagoon sub-basins as random effects.

3. Results

3.1. Sampling campaigns

The temperature was significantly different in the southern Lagoon 
between the two years, 2022 and 2023. Specifically, differences were 
found in July/August, September and October (with positive or negative 

Fig. 2. Ctenophore sampling results in the southern Lagoon a) Boxplots representing the number per unit volume of captured ctenophores in different months and 
years (from June to October 2022 in purple and 2023 in orange). b) Boxplots representing the length of the captured ctenophores (expressed in millimeters) in the 
different months and years (from June to September 2022 in red and 2023 in blue). The box plots show the median (the thick colored line), the interquartile range 
(the box), and the outliers (dots), while whiskers represent the lowest and the uppermost quartile. (For interpretation of the references to color in this figure legend, 
the reader is referred to the Web version of this article.)
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differences depending on the month, Table S1 & Fig. S1). The salinity 
was significantly different between years in all months except June 
(Table S2, Fig. S1). In both years salinity was very high, generally above 
30, especially in 2022 when it was mostly above 35.

In the southern Lagoon, very few ctenophores were found in June 
2022 and 2023. From July until the end of October they were more 
abundant. The number of specimens in June and July/August did not 
differ between 2022 and 2023, while September and October showed a 
significant difference, with more ctenophores found in 2023 (Table S3). 
Caught specimens showed a significant difference in size between the 
two years in all sampling months, with the ctenophores caught in 2023 
being significantly smaller than those caught in 2022 (Fig. 2; Table S4).

In 2023, there was a significant difference in the water temperature 
of the three lagoon sub-basins. Specifically, the central area was 
significantly warmer than the northern and southern areas in April, the 
southern area was colder in June, and the northern area was the coldest 
part of the lagoon from July to October (Fig. 3; Tables S5 and S6).

Regarding salinity, there was a significant difference between the 
northern and the southern areas of the lagoon in June, July/August and 
September 2023, with the southern area being saltier (Fig. 3; Tables S7 

and S8). In general, in the southern Lagoon salinity levels were never 
below 26, unlike in the other areas.

The analysis of the captures of M. leidyi in 2023 showed a difference 
in the abundance of ctenophores across months, reflecting the trend of 
their seasonal appearance and peak, as well as a significant interaction 
between the lagoon sub-basins and months (Table S9). The post-hoc 
analysis showed a significant difference in the number of ctenophores 
only in July/August with animals caught in the southern part of the 
lagoon being in lower number than in the central and northern parts 
(Fig. 4; Tables S9 and S10).

The GLMM applied to the field samples revealed a significant posi
tive effect of temperature and salinity on M. leidyi abundance (Table 1). 
The inclusion of month and lagoon sub-basin as random effects also 
accounted for substantial unexplained temporal and spatial variability. 
The marginal R2 was 0.702, indicating that fixed effects (temperature 
and salinity) explained a major proportion of the variance in ctenophore 
abundance. Moreover, the conditional R2 was 0.976, suggesting that 
fixed effects together with random effects (month and lagoon sub-basin) 
accounted for nearly all of the variability in the data. Another GLMM run 
adding the interaction between temperature and salinity provided 

Fig. 3. Environmental data across the Lagoon in 2023. a) Box plots representing the temperature (expressed in ◦C) in the different months (from April to October 
2023) in the three different sub-basins of the Venice Lagoon. b) Box plots representing the salinity in the different months (from April to October 2023) in the three 
different sub-basins of the Venice Lagoon. North in red, Central in blue, and South in green.: Box plots show the median (the thick colored line), the interquartile 
range (the box), and the outliers (dots), while whiskers represent the lowest and the uppermost quartile. (For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this article.)
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similar results respect to the previous one, therefore the results are not 
reported for the sake of brevity.

3.2. Survival experiments

The results of the laboratory experiment highlighted differences in 
the survival rate of ctenophores at different temperatures and salinities, 
with a significant interaction between salinity and temperature (Fig. 5; 
Tables S11 and S12): at each temperature, survival rates were lower in 
low salinity treatments. Moreover, survival rates were lower at higher 
temperatures. In general, all 240 animals survived for at least 12 h 
during the experiments.

4. Discussion

This study revolved around the relationship between temperature, 
salinity, spatial distribution and survival of M. leidyi in the Venice 
Lagoon. Our experimental findings provide crucial insights into the 
ecology of the massive invasion of this species in this lagoon (Piccardi 
et al., 2024), which are potentially transferable to other marine and 
transitional water bodies. It also underscores the potential role of 
climate change with its impact on temperature, precipitation and 
evaporation patterns (Vargas et al., 2017; IPCC et al., 2023) in ampli
fying the impact of biological invasions on coastal ecosystems, a 
connection already hypothesized in the northern Adriatic coastal area 
for another invasive species, the blue crab Callinectes sapidus, whose 

invasion which could possibly be linked to warmer and saltier waters 
(Chiesa et al., 2025). Indeed, the sampling in our study took place in 
2022 and 2023, which were drought years in north-eastern Italy (Chiesa 
et al., 2025).

In agreement with Schroeder et al. (2023), our results show a strong 
seasonal pattern in the occurrence and abundance of M. leidyi in the 
Venice Lagoon in terms of temporal and spatial distribution, with a 
consistent absence in the coldest seasons, followed by an increase in 
abundance in late spring, peaking in summer and continuing into 
autumn. These observations reflect the species preference for warmer 
months, as individuals thrive in the warm temperatures of the lagoon 
during these periods (Shiganova et al., 2019; Marchessaux and Belloni, 
2021; Schroeder et al., 2023). Although it is not possible to draw 
definitive conclusions based on two years of observations, the higher 
abundance and smaller body size of the individuals observed in 2023 
compared to 2022 may indicate massive reproductive events even at 
smal size possibly linked also to the high temperature recorded in 2023. 
Variations in adult body size have also been reported for other invaded 
areas (Finenko et al., 2006; Delpy et al., 2016), and indeed Edgar et al. 
(2022) recently showed that, under adequate environmental conditions, 
this species begin to reproduce at a small body size (cydippid stage) and 
continue to spawn continuously. In our study area, in 2023, during the 
months of high abundance, mainly 2–4 cm long specimens formed the 
population structure.

In this study we have focused on temperature and salinity, which are 
among the most important factors for the development of M. leidyi 
populations (Fenoglio et al., 2010; Herbert et al., 2015). The northern, 
central and southern sub-basins of the Venice Lagoon differ considerably 
in their temperature and salinity patterns, as also shown by our data, as 
well as in their trophic conditions due to the different freshwater inflows 
(which are higher in the northern lagoon) and their proximity 
(geographical and hydrodynamic) to the Adriatic Sea (Zirino et al., 
2014). The lagoon’s spatial gradients in environmental conditions 
offered an opportunity to test whether such heterogeneity structures 
ctenophore distribution. Despite these gradients, M. leidyi occurred 
throughout the lagoon (similarly to what found by Schroeder et al., 
2023) without displaying any clear patterns, indicating that spatial 

Fig. 4. Number of ctenophores in the different months (from April to October 2023) and in the three different Venice Lagoon sub-basins: North in red, Central in 
blue, and South in green. Box plots show the median (the thick colored line), the interquartile range (the box), and the outliers (dots), while whiskers represent the 
lowest and the uppermost quartile. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Table 1 
Summary of fixed effects from the generalized linear mixed model (GLMM) 
assessing the relationship of ctenophore abundance with environmental vari
ables. Estimates are shown on the log scale; N sample size = 180. Std. Error 
represents standard errors. P-values (*<0.05) show the statistical significance.

Estimate Std. Error z-value p-value

Intercept − 0.178 2.450 − 0.713 0.476
Temperature 0.115 0.005 23.539 <0.001*
Salinity 0.039 0.002 19.196 <0.001*
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variability in environmental conditions does not strongly constrain its 
distribution at the scale of our sampling design. This finding contrasts 
with the previous observation that fyke nets placed by local fishers tend 
to be less clogged with M. leidyi in the northern lagoon than in the other 
areas (Piccardi et al., 2024), a difference which may be linked to dif
ferences in sampling methods. Indeed, the data collection in this study 
took place in channels, while the fyke nets examined by Piccardi et al. 
(2024) were generally placed in shallower areas. Also, the sampled fyke 
nets were not placed with a standardized sampling design but were 
instead placed by professional fishers as part of their working routine in 
locations expected to maximize commercial catch and, presumably, to 
minimize clogging according to theirknowledge, suggesting that there 
may be some particular areas in the northern lagoon where M. leidyi is 
less abundant. Finally, the sampling years of the study by Piccardi et al. 
(2024) and this work differ, being 2020 and 2023 respectively, and it 
could well be that over this time span the invasion has spread more to 
the northern Lagoon.

The GLMM results revealed that both temperature and salinity had 
positive strong effects on ctenophore abundance in the field, explaining 
a large fraction of its overall variability, thus supporting the crucial 
influence of these environmental parameters on the distribution of this 
invasive species. Nonetheless, sampling months and the Venice lagoon 
sub-basins emerged as important explanatory factors, suggesting a more 
complex spatial and temporal distribution of the species in the different 
areas, with other factors, such as the hydrodynamics and productivity of 
the lagoon sub-basins, potentially playing an important role.

The results of the laboratory experiments complement the observa
tions in the field by singling out the effects of the two environmental 
factors and their interaction and showing that the survival of M. leidyi is 
highly dependent on specific combinations of temperature and salinity. 
In particular, the species is negatively impacted by extreme warm 
temperatures while it shows remarkable survival rates at low tempera
tures, except at very low salinity. At higher temperatures, a clear 
salinity-dependent trend emerges, with survival rates decreasing 
significantly at salinities of 20 or lower. Interestingly, at a temperature 
of 18 ◦C, M. leidyi shows exceptional resistance in almost all the salinity 
conditions which were tested, suggesting that this temperature is close 

to the optimal value for its survival and potential expansion. This 
combination of laboratory results and field observations emphasizes the 
ecological processes driving the blooms of M. leidyi. The field survey 
data demonstrates that the species can withstand a wide range of salinity 
changes, consistent with its wide distribution throughout the Venice 
Lagoon. Combined with the observed species’ ability to tolerate a wide 
range of salinities (20–34) at a wide range of temperature conditions 
(10–28 ◦C) in controlled conditions, these results confirm the species’ 
adaptability to different coastal-marine ecosystems, while highlighting 
thresholds that could limit its dispersal under extreme environmental 
scenarios. On the positive side, consistent with recent findings showing 
that extreme thermal treatment of ballast water can reduce M. leidyi 
survival (Budǐsa et al., 2023), our results confirm the effectiveness of 
high-temperature exposure in decreasing the survival of this ctenophore 
and highlight its potential as a starting point for managing the invasions 
of this species. An important finding is that all 240 specimens tested in 
the laboratory survived the first 12 h of treatment, which corresponds to 
the duration of an entire half-day tidal cycle in the Venice lagoon 
(Ferrarin et al., 2017). The ability of ctenophores to withstand low 
salinity conditions for at least 12 h suggests that they can survive even in 
critical areas of transitional systems such as the inner parts of the 
northern lagoon near estuaries, with the next high tide transporting 
them to areas with more tolerable salinity levels. These findings are 
consistent with previous research in other ecosystems (e.g., Costello 
et al., 2012) and emphasize the potential of M. leidyi to exploit changing 
climatic conditions, thereby influencing marine community dynamics 
and ecosystem resilience.

While temperature and salinity are key drivers of M. leidyi population 
trends, trophic conditions are also known to play a fundamental role. 
Despite its capacity to resist and reproduce also during period of starving 
(Jaspers et al., 2015), changes in the abundance of zooplankton can have 
a significant impact on population dynamics and size distribution of 
M. leidyi, due to its carnivorous feeding habit (Finenko et al., 2006; 
Mavrič et al., 2025), with periods of high ctenophore abundance often 
corresponding to increased availability of zooplankton (Costello et al., 
2006). Conversely, grazing by adult M. leidyi can strongly reduce mes
ozooplankton biomass and produce a cascading effect on primary 

Fig. 5. Individual hours of survival for ctenophores exposed to different combinations of temperature and salinity. The experiments lasted 168 h at maximum. 
Boxplots show the median (the thick colored line), the interquartile range (the box), and the outliers (dots), while whiskers represent the lowest and the upper
most quartile.
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producers, resulting in increased phytoplankton and microzooplankton 
biomass (e.g. Dinasquet et al., 2012; McNamara et al., 2013, Tiselius and 
Møller, 2017). In turn, the increase of microplankton support an increase 
of cydippid larvae.

5. Conclusions

Our results evidenced a positive relationship between temperature, 
salinity, and abundance of M. leidyi, moreover, laboratory experiments 
highlighted how this ctenophore can survive well within the 10–28 ◦C 
and 20–34 salinity range but experiences reduced survival at extreme 
conditions. These findings suggest that climate change may increase the 
seasonal time span and intensity of the blooms of M. leidyi in the Venice 
Lagoon through its combined effects on water temperature and salinity. 
Warmer spring-summer temperatures combined with droughts, which 
reduce freshwater supply and accelerate evaporation, could create 
increasingly favorable conditions for this species. The ecological con
sequences of these blooms in the Venice lagoon, such as cascading im
pacts on fisheries (Piccardi et al., 2024), mirror the negative effects 
observed in other invaded ecosystems such as the Black Sea, where the 
ctenophore caused the collapse of the anchovy stock with a consequent 
socio-economic crisis (Shiganova, 1998). The two-year observation 
period of this study captures only a short portion of the invasion time
line, limiting our ability to assess long-term trends. Future studies 
integrating trophic and environmental monitoring and considering 
additional measurements to better understand the fine-scale hydrody
namics of lagoon ecosystem also in relation to prey availability, will be 
necessary to fully understand bloom dynamics in transitional systems. 
The response of Mnemiopsis to salinity changes observed in this study 
supports the idea that restoring natural salinity gradients in the lagoon 
(Boscolo Brusà et al., 2022; Feola et al., 2022) to improve habitats and 
overall environmental conditions could also reduce the bloom intensity 
of this invasive species. This study provides the first integrated 
field–laboratory assessment of M. leidyi ecology in the Venice Lagoon 
and establishes a starting point for predictive modeling and manage
ment of gelatinous invasions in Mediterranean transitional systems.
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