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Abstract: The diet of the invasive ctenophore Mnemiopsis leidyi in the Gulf of Trieste was
examined during its peak occurrence in the summer and early-autumn months (July to Octo-
ber) from 2017 to 2019, through the analysis of stomach contents. Altogether 506 specimens
were individually caught for the analysis. A total of 3215 prey items were isolated and
identified. Copepods emerged as the primary prey (relative abundance 66.7%), followed
by cladocerans (7.7%), and bivalve larvae (6%). Notably, specimens of M. leidyi constituted
a significant portion of the diet (5.4.%), providing further evidence of cannibalism within
this species. Copepods were also the most commonly occurring prey items in the diet
of M. leidyi. Most of them were represented by calanoid and cyclopoid nauplii (48.2%),
followed by a harpacticoid M. norvegica (28.3%), and calanoids (26.8%). Other frequently oc-
curring taxa were bivalve larvae (19.3%), M. leidyi (18.7%), and cladoceran Penilia avirostris
(16.1%). The rate of cannibalism peaked in July, coinciding with a period of limited food
availability. Additionally, the study revealed that fish eggs and larvae were infrequently
found in the stomachs of M. leidyi. However, the presence of massive aggregations of M.
leidyi may impact microzooplankton populations in late summer or autumn, potentially
leading to competition with small pelagic fish.
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1. Introduction

Due to its potential threat to fish stocks, there is an increasing body of research focused
on the feeding habits of the invasive comb jelly Mnemiopsis leidyi A. Agassiz, 1865, in
the Black Sea, Mediterranean Sea [1], and other regions of Eurasian waters [2-4]. The
ctenophore has been shown to have a significant ecological impact by preying on both fish
eggs and larvae [5], leading to a notable decline in fish stocks, particularly in the Black
Sea [6-8]. Kamakin and Khodorevskaya [9] report a significant reduction in zooplankton
abundance—by factor of four to ten—and changes in species structure in the Caspian
Sea, attributed to the presence and high density of M. leidyi. Similarly, Riisgard and
colleagues [2] reported a decrease in zooplankton in the Limfjord channel (Denmark),
which resulted in an increase in phytoplankton abundance. A recent study by Stoltenberg
etal. [10] demonstrated that M. leidyi can efficiently consume herring yolk-sac larvae under
laboratory conditions.
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In the Gulf of Trieste, M. leidyi was initially documented by Shiganova and Malej [11]
in 2005, with a subsequent record emerging only in 2016 [12]. Since then, the ctenophore
has been regularly observed in the Gulf of Trieste, particularly during the warmer months
from July to November [13]. A key factor contributing to the successful colonization of
this species in the region is its high fecundity, which is notably greater in the coastal areas
of the northern Adriatic Sea [12]. During the colder months, sightings of individuals are
infrequent, as also noted by Budis$a et al. [14] for the northern Adriatic. This scarcity may
also be attributed to the fact that seasonal refugia [15,16] and deeper layers [17], where
M. leidyi overwinters, remain unmonitored. The species is native along the Atlantic coast
of both Americas and prefers shallow temperate to subtropical estuaries [7] as well as bays
and coastal waters in general [18].

This paper aims to shed some light on the feeding habits of the invasive ctenophore
M. leidyi in the Gulf of Trieste. Furthermore, it offers valuable insights into the potential
effects of predators on the local plankton community.

2. Materials and Methods
2.1. Sampling

In the summer and autumn sampling periods of 2017, 2018, and 2019, 506 specimens
of Mnemiopsis leidyi were collected by SCUBA diving or snorkeling in surface water (0-2 m
depth) in different localities in the Slovenian part of the Adriatic Sea (Table 1).

Table 1. Sampling dates and stations with corresponding longitude and latitude, where samples
of Mnemiopsis leidyi were taken in the period from 2017 to 2019 (MBS—abbreviation for Marine
Biology Station).

Sampling Date Site Longitude, Latitude
23 August 2017 Piran, MBS 45°31'3.31"” N, 13°34'5.47" E
29 September 2017 Piran, MBS 45°31/3.31” N, 13°34'5.47" E
29 September 2017 Piran, Pirancek 45°31'16.20"” N, 13°33'58.21" E
2 Octoober 2017 Bele skale (3.5 km north) 45°33/30.56" N, 13°37'57.93" E
2 October 2017 Mariculture facility Strunjan 45°31'47.77" N, 13°35'33.54" E
19 July 2018 Piran, northern coast 45°31'56.70" N, 13°33/54.43" E
30 August 2018 Piran, MBS 45°31/3.31” N, 13°34'5.47" E
12 September 2018 Oceanographic buoy Vida 45°32/57.86"" N, 13°33/3.28" E
11 October 2018 Pacug 45°31'34.38" N, 13°35'24.06" E
30 July 2019 Cape Madona, Piran 45°31'43.60" N, 13°33'47.90" E
22 August 2019 Piran, MBS 45°31'3.31” N, 13°34'5.47" E
22 August 2019 Piran, Pirancek 45°31'16.20"” N, 13°33'58.21" E
28 August 2019 Oceanographic buoy Vida 45°32'57.86" N, 13°33/3.28" E
29 August 2019 Piran, northern coast 45°31'56.70" N, 13°33'54.43" E
5 September 2019 Piran, MBS 45°31'3.31"” N, 13°34'5.47" E
14 October 2019 Piran, MBS 45°31'3.31" N, 13°34'5.47" E
24 October 2019 Piran, MBS 45°31'3.31” N, 13°34/'5.47" E

Generally, M. leidyi occurs in the Gulf of Trieste throughout the year [13]; however,
its pick occurrence is observed from early July to November, aligning with patterns seen
in other regions of the northern Adriatic Sea [14]. Nelson [19] stated that the stomodeum
of the ctenophore is emptied of all its contents in less than half an hour after capture. To
prevent the loss of stomach contents that may be ejected into the water, divers collected
M. leidyi specimens individually (Figure 1) and kept them separately in plastic containers,
which were sealed with a secure screw cap immediately after capture. Care was taken to
ensure that only active and unharmed specimens were collected. The total length of each
specimen, including lobes, was subsequently measured to the nearest millimeter using
a caliper.
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Figure 1. One of the authors (B.M.) is collecting specimen of Mnemiopsis leidyi in a plastic container
(Photo credit: Tina Mirt).

In the container, the ctenophores regurgitated their stomach contents. The specimens
were transferred to the Marine Biology Station lab in Piran within 1-2 h of sampling. In the
laboratory, the expelled stomach contents were separated from containers and prepared for
analysis. The stomachs contents were preserved in 5% alcohol solution and examined under
Olympus SZX16 stereomicroscope. All identified organisms were isolated and classified to
the lowest taxonomic category using appropriate identification keys (e.g., [20-22]).

2.2. Data Analysis

To assess the diet characteristics of the studied species, several indices were used. The
relative importance of each prey item in the diet of M. leidyi was described with frequency
of occurrence (F%), expressed as a percentage of analyzed stomachs’ contents, and with
relative abundance (N%), expressed as number of prey items of different species in the
analyzed stomachs.

In addition, the vacuity index (VI), which is a percentage of empty stomachs, was
calculated (sensu [23]). To test and visualize possible temporal (year and month) differences
in prey abundance and composition, a non-metric multidimensional scaling (NMDS)
analysis was performed by applying vegdist (method = bray) and metaMDS functions
within the vegan package [24] in the R statistical environment [25]. Additionally, the
betadisper algorithm was utilized to test multivariate homogeneity of groups (factors).
The statistical analysis continued with the multivariate permutation analysis of variance
(PERMANOVA; 999 permutations) and the permutest function, to objectively evaluate if
the considered temporal variables significantly contributed to M. leidyi diet differentiation.
Next, the SIMPER function was implemented to identify key contributors to the discovered
temporal differences or similarities in the M. leidyi diet in the study area. Finally, to link
and understand the relationship between environmental conditions (prey availability) and
M. leidyi diet content, a generalized linear model (a GLM function in the R environment
[Remd package]) was fitted with prey number per stomach as the dependent variable
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and number of empty stomachs and factor month as independent (predictor) variables
(family=poisson, link function=logit).

Finally, relations between M. leidyi size, prey number (empty stomachs), and com-
position (especially cannibalism) by month were estimated. Variable M. leidyi size was
tested for homogeneity of variances per month category with the Levine’s test in the R
statistical environment. Accordingly, a one-way analysis of variance (ANOVA) followed
to test potential differences in mean M. leidyi size. Mean monthly values of M. leidyi size,
proportion of Ctenophora in the stomachs, and vacuity index values were then analyzed
with simple linear regression statistics.

3. Results

Between 2017 and 2019, a total of 506 stomach contents of M. leidyi were examined,
revealing that 99 of these were empty, representing 19.6% of the total. The proportion of
empty stomachs fluctuated between 4.2% and 48.7% across different sampling campaigns.
The highest vacuity index was observed in July, followed by a gradual decline in the
subsequent months. The full stomachs contained between one and eighty-three prey items,
with nearly one-third (32%) of the stomachs having only one or two prey items (Figure 2).
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Figure 2. Number of prey items per full stomach (n = 407) in the examined specimens of Mnemiopsis
leidyi from the Gulf of Trieste in the period between 2017 and 2019.

A total of 3,215 prey items were isolated and identified (see Tables 2 and 3). The
prey items found in the stomach contents primarily consisted of summer zooplankton
species, although some benthopelagic taxa, such as Mysidacea, Cumacea, and benthic
gastropods, were also present. Copepods dominated the stomach contents in terms of
relative abundance, accounting for 66.7%, followed by cladocerans at 7.7%, bivalve lar-
vae at 6.0%, and ctenophores at 5.4% (Figure 3a). The most frequently preyed adult
copepod was the harpacticoid Microsetella norvegica, comprising 8.8% of the total. Other
groups represented less than 5% of the relative abundance, including cirriped nauplii
(Cirripedia), pteropods (Euthecosomata), various gastropods, dinoflagellates, diatoms,
and tintinnid ciliates (Choreotrichida). Among the tintinnids, species from the genera
Eutintinnus, Tintinnopsis, Codonellopsis, and Dictyocista were recorded. Notably, only seven
prey items consisting of fish larvae and eggs were found in the stomachs of M. leidyi.
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Table 2. Basic data dealing with the number of stomachs analyzed and prey items isolated in the
specimens of Mnemiopsis leidyi in the period between 2017 and 2019.

% of Empty Preys per Preys per Full
Sample Set Date Stomachs Empty Stomachs Stomachs X Prey Items Stomach Stomach
1 23 August 2017 20 4 20.00 137 6.85 8.56
2 29 September 2017 17 1 5.88 140 8.24 8.75
3 29 September 2017 31 0 0.00 329 10.61 10.61
4 2 October 2017 18 0 0.00 145 8.06 8.06
5 2 October 2017 16 0 0.00 130 8.13 8.13
6 19 July 2018 35 16 45.71 53 1.51 2.79
7 30 August 2018 13 5 38.46 101 7.77 12.63
8 12 September 2018 29 13 44.83 73 2.52 4.56
9 11 October 2018 29 9 31.03 79 2.72 3.95
10 30 July 2019 28 12 42.86 70 2.50 4.38
11 22 August 2019 10 0 0.00 229 22.90 22.90
12 22 August 2019 74 11 14.86 358 4.84 5.68
13 28 August 2019 39 19 48.72 66 1.69 3.30
14 29 August 2019 41 2 4.88 189 4.61 4.85
15 5September 2019 48 2 417 616 12.83 13.39
16 14 October 2019 30 2 6.67 148 493 5.29
17 24 October 2019 28 3 10.71 202 7.21 8.08
C da (nauplii) C da (nauplii)
Calanoida (indet.) T M norvegica
Microsetella norvegica =] [T P
Bivalvia (larvae) T Bivalvia (larvae) —————————]
Ctenophora =07 Ctenophora I
Penilia avirostris Tl C da (eggs)
Cirripedia (nauplii) =1 Penilia avirostris ]
Copepoda (eggs) =l Oithona sp. ——]
Oithona sp. T Cirripedia (nauplii)y ———
Calanoida (copepodit) =1 Cyclopoida (indet.) =
Cyclopoida (indet.) = Ceratium massiliense T
Ceratium massiliense =] Calanoida (copepodit) T
Evadne tergestina =] Evadne tergestina T
Heliconoides inflatus =] Copepoda (indet.) T
3] ©
= Copepoda (copepodites) I = Ofiopluteus T2
= Ofiopluteus I = Heliconoides inflatus T2
Rhizosoloenia calcar avis 1 Rhizosoloenia calcar avis T
Centropages typicus 1 Corycaeus sp. I
Corycaeus sp. 1 Nectochaeta Polychaeta I
Limacina trochiiformis 1 Centropages typicus T
Gastropoda (larvae) 1 Hydromedusae I
Temora sp. 1 Temorasp. I
Nectochaeta Polychaeta 1 Centropages sp. I
Podon sp. 1 Limacina trochiformis 7]
Hydromedusae 1 Gastropoda (larvae) 1]
Tintinnopsis radix 1 Tintinnopsis radix 7]
Centropages sp. 1 Oikopleura sp. 7
Thalassionema cf. nitschioides 1 Evadne spinifera 7
Evadne spinifera ] Podonsp. 7
Oithona plumifera ] Eutintinnus fraknoi g
Oikopleura sp. ] Echinopluteus g
Eutintinnus fraknoi | a Oithona plumifera 7 b
Harpacticoida (benthic) | Harpacticoida (benthic) 3
Echinopluteus | Annelida (indet.) 3
0 5 10 15 20 25 30 0 10 20 30 40 50
Relativa abundance (%) Frequency of occurence (%)
Figure 3. Relative abundance (a) and relative frequency of occurrence (b) of various prey items in
the diet of Mnemiopsis leidyi in the period 2017-2019 in the Gulf of Trieste. Only prey categories with
more than 0.2% of relative abundance and more than 1% of a frequency of occurrence are depicted.
Table 3. Relative abundance (N%) of prey items arranged in higher taxonomical groups in the diet of
Mnemiopsis leidyi in the period between 2017 and 2019 in the Gulf of Trieste evaluated per single year
and altogether.
Prey Taxon 2017 N% 2018 N% 2019 N% Overall N%
Diatoms and dinoflagellates 18 1.87 9 2.98 73 3.74 100 3.11
Tintinnina 11 1.14 2 0.66 15 0.77 28 0.87
Ctenophora 40 4.16 8 2.65 127 6.50 175 5.44
Hydrozoa 5 0.52 2 0.66 7 0.36 14 0.44
Annellida 7 0.73 4 1.32 10 0.51 21 0.65
Bivalvia 103 10.71 4 1.32 85 4.36 192 597
Gastropoda 34 3.53 1 0.33 51 2.61 86 2.67
Cladocera 68 7.07 3 0.99 177 9.07 248 7.71
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Prey Taxon 2017 N% 2018 N% 2019 N% Overall N%
Cirripedia 84 8.73 19 6.29 36 1.84 139 4.32
Copepoda 550 57.17 249 82.45 1345 68.09 2144 66.69
Mysidacea 2 0.21 0 0 0 0 2 0.06
Amphipoda 0 0,00 0 0 1 0.05 1 0.03
Stomatopoda 1 0.10 0 0 0 0 1 0.03
Cumacea 4 0.41 0 0 0 0 4 0.12
Decapoda 1 0.10 0 0 2 0.10 3 0.09
Echinodermata 26 2.70 0 0 14 0.72 40 1.24
Appendicularia 5 0.52 0 0 5 0.26 10 0.31
Teleostei 3 0.31 1 0.33 3 0.15 7 0.22
sum 962 100 302 100 1951 100 3215 100

Copepods emerged as the predominant prey items in the diet of M. leidyi, in terms
of their frequency of occurrence (Figure 3b). The majority of these were represented
by calanoid and cyclopoid nauplii, accounting for 48.2%, followed by the harpacticoid
M. norvegica at 28.3%, and calanoids at 26.8%. Other notable taxa included bivalve larvae
(19.3%), M. leidyi itself (18.7%), and the cladoceran Penilia avirostris (16.1%).

No other taxonomic group exceeded 10% representation: cladocerans accounted for
8.2%, particularly P. avirostris; bivalve larvae made up 6.7%; and cirriped nauplii rep-
resented 4.5%. The most frequently preyed upon adult copepod was the harpacticoid
M. norvegica. The significant presence of copepods, cirriped nauplii, bivalve larvae, tintin-
nids, and other organisms indicates that M. leidyi primarily preys on microzooplankton
(size range from 20 to 200 um).

The highest vacuity index was observed in July and August (Table 2). Copepods
constituted the primary food category, accounting approximately from 43.9% to 76.7% of
the total diet (Figure 4a). In July, cannibalism comprised nearly one-third of the diet of
M. leidyi, but this percentage steadily declined through the next months. Regarding dietary
diversity, only 17 prey categories were identified in July, while subsequent months revealed
between 36 and 46 distinct taxa. This temporal feeding pattern is further illustrated in
Figure 4b. The NMDS space and PERMANOVA analysis demonstrated similarities in prey
abundance and composition during August, September, and October. These three months
exhibited significant differences from July, when the diet of M. leidyi was predominantly
composed of M. leidyi, Calanoida, bivalve larvae, and copepodites.

(a) (b) -
80 \
(< o
=70 =1
[0]
£100 0|
§ 50 °
39 =
550 =
220 0
0 T
& 10 e Aug
0 24eJuly ~
July Aug  Sept Oct 5 »Oct e
Month w [*Sep
mCopepoda mCladocera = = : 1 5
Mollusca = Ctenophora NMDS1

Figure 4. Relative abundance (%) of four main zooplankton groups in the diet of Mnemiopsis leidyi in
different months in the period 2017-2019 in the Gulf of Trieste (a) and visualization of differences in
abundance and compositions of prey (b).
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The analysis of various years revealed that only two prey categories—copepods and
bivalve larvae—accounted for more than 10% of the diet (see Figure 5a). The proportion
of copepods fluctuated between 57.2% and 82.5%, while bivalve larvae ranged from 1.3%
to 10.7%. Additionally, cirriped nauplii constituted between 1.8% and 8.7% of the diet.
Cannibalism percentages varied from 2.7% to 6.5%.
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Figure 5. Percentage (%) of prey categories in the diet of Mnemiopsis leidyi in years 2017, 2018, and
2019 (a) and the NMDS visualization of prey composition and abundance in different years (b).

However, by comparing the M. leidyi diet data of all three years in the multivariate
space, no significant differences (p > o; o« = 0.05) in prey abundance and composition
were detected between the years 2018 and 2019 (Figure 5b). Instead, some variation in
prey composition was noticed by comparing those years against 2017, when following
taxonomic groups were significantly more abundant as a prey: M. norvegica, ophiopluteus
larvae, gastropod larvae, Cyclopoida (indet.), and Oikopleura spp.

Moreover, the assumption about the linkage between temporal prey distribution and
M. leidyi diet was tested with a generalized linear model (GLM). The effect plots in Figure 6
let us conclude that there is a significant negative linear relation (estimate value = —0.39;
p =0.01; « = 0.05) between prey frequency per stomach and empty stomachs. In other
words, when the proportion of empty stomachs (=starvation) is higher, the stomachs with
food also contain fewer prey items. In addition to that, the temporal prey frequency pattern
plays an important (statistically significant) role as well. It increases from July to September,
when it reaches maximum value. Again, prey abundance and composition in August,
September, and October are comparable, while they differ significantly in July.

Prey per stomach
Prey per stomach
o

5 10 15 20 Jul Aug Se oct
Empty stomachs Month

Figure 6. GLM effect plots for the predicting variables of the number of empty stomachs and
time (months).
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In accordance with the findings in Figure 6, during the starvation period in July,
notably smaller individuals of M. leidyi were associated with observed cannibalism. These
individuals exhibited less fullness in their stomachs, and their diet contained the highest
proportion of ctenophores (refer to Figure 7). No significant statistical differences were
found among the months of August, September, and October.

50 = 9
S 45 .
c 35 ‘ $ 7L
a
'8 30 T A l l g
325 ’ K
® 20 | o)
0 | 50
= 15 0
©
g 10 4<
X s5 |
0 3
Jul Aug Sep Oct
Month

Figure 7. The relationships between M. leidyi’s size (blue dashed line; different small letters indicate
statistically significant differences in size per month category [p < «; « = 0.05], error bars = stan-
dard deviations), the percentage of ctenophore in their stomachs (orange bars), and vacuity index
(grey bars).

The collected specimens of Mnemiopsis leidyi varied in size between 3.62 and 8.27 cm,
with an average size of 6.17 cm. Although there were differences in the average sizes
of specimens across the four relevant months, these differences were not statistically
significant (see Figure 7). The smallest ctenophores were observed in July, while the
largest were recorded in October. Notably, the size of M. leidyi was inversely related to
the percentage of ctenophores found in the stomachs and the vacuity index value (refer
to Figure 7). In simpler terms, larger specimens observed in autumn exhibited a reduced
tendency for cannibalism and had fewer empty stomachs, which were primarily filled with
two taxonomic groups: Copepoda and Cladocera.

4. Discussion

As Mnemiopsis leidyi occurs in dense aggregations during warm-water periods, this
may cause ecological and economic problems in the new environment. These aggregations
may impose considerable predatory pressure on the zooplankton organisms (sensu [7]).
Various studies indicate that Mnemiopsis preys on a wide range of zooplankton organisms,
ranging in size from less than 100 um to a maximum 5 mm [3], which was also corroborated
in our research.

Dietary studies of predators are essential for understanding their ecological roles
within their environments. Nelson [19] studied the food habits of M. leidyi in the inland
waters of New Jersey, discovering that its primary prey consisted of various crustaceans,
as well as gastropod and bivalve larvae. Sullivan and Gifford [26] characterized M. leidyi
as an omnivorous predator that preys on zooplankton, while Costello et al. [18] noted its
broad dietary niche, feeding on microplankton, mesozooplankton, and ichthyoplankton.
Our study, with over 500 specimens examined, revealed that in the Gulf of Trieste, M. leidyi
acts as an opportunistic predator, consuming a significant portion of microzooplankton,
particularly copepod nauplii. Microzooplankton, defined by the classification of Sieburth
etal. [27] as a group of heterotrophic and mixotrophic organisms ranging from 20 to 200 mm
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in size, encompassing various protists, such as ciliates, dinoflagellates, foraminifers, and
small metazoans, such as copepod nauplii, some copepodites, and certain meroplanktonic
larvae. Budis$a et al. [14], who analyzed 155 specimens of M. leidyi in nearby waters along
the west Istrian coast, reported an average of from 1.2 to 2.5 zooplankton specimens found
in the stomachs of the M. leidyi, which is significantly lower than our values of from
2.8 to 22.9 prey items per full stomach, with an average of 7.5 prey items. Additionally, the
mean vacuity index in our study was considerably lower (61.3% vs. 19.6%). The presence
of tintinnine ciliates and dinoflagellates is not surprising, as Sullivan and Gifford [26]
previously noted their ingestion by M. leidyi larvae. The dominant mesozooplankton taxa
in the diet of M. leidyi reflects the general situation in the Gulf of Trieste, characterized by
late summer period swarms of Penilia avirostris, and the significant role of copepods in
other seasons [28]. The zooplankton community is notably unique, as it is predominantly
composed of a few strictly coastal species of copepods [29].

The portion of larvae and small specimens of M. leidyi in the diet was recorded at 5.4%,
with a frequency of occurrence of 18.8%, indicating that preying on conspecific specimens
is relatively frequent. Cannibalism was particularly noticeable in July, when it constituted
nearly one-third of the overall diet. Budisa et al. [14] identified some cydippid larvae
in the diet of M. leidyi, but did not quantify the extent of cannibalism. Since their study
did not take place in July, they may have overlooked the timeframe characterized by the
most significant cannibalistic behavior. Javidpour et al. [3,30] proposed that cannibalism is
more likely to occur during peak ctenophore densities. Furthermore, the authors suggest
that cannibalism serves as a regulatory mechanism for ctenophore population dynamics.
By forming large summer blooms, the ctenophores effectively deplete the available prey,
displace competitors, and utilize these bloom events to accumulate energy reserves for
times of food scarcity. Our study corroborates this pattern.

This study revealed that fish eggs and larvae were infrequently found in the stomachs
of M. leidyi from the Gulf of Trieste. The occurrence of fish eggs and larvae was negligible,
with percentages of 0.12% for eggs and 0.09% for larvae. Similarly, Budi3a et al. [14] reported
that fish eggs constituted less than 1% of the prey items consumed by M. leidyi near the
west Istrian coast. These observations align with earlier findings by Hamer et al. [31], who
indicated that M. leidyi poses little threat to ichthyoplankton, potentially serving only as a
competitor. Based on the abovementioned, the direct impact of M. leidyi can be considered
negligible in the area. On the other hand, large aggregations of M. leidyi may influence
microzooplankton populations during late summer or autumn. Since microzooplankton is
crucial as a food source for the larval stages of certain target fish species, M. leidyi could
negatively affect those fishery resources. In September copepod nauplii and copepodites
may comprise nearly 80% of the ctenophore diet, while in October, a significant portion of
prey is represented by cladocerans, particularly Penilia avirostris. Among the commercially
important species, a single specimen of the pseudozoea of Squilla mantis was discovered in
the stomach of M. leidyi, alongside numerous mytilid bivalve larvae. Given this context, the
potential impact of the comb jelly on local mussel mariculture should not be overlooked, as
previously noted [32,33].

The rare instances of direct predation on ichthyoplankton by ctenophores may nonethe-
less significantly affect small fish populations, such as small pelagics, through indirect
competitive interactions with fish larvae that compete for mesozooplankton and micro-
zooplankton as food sources (sensu [34] for Pelagia noctiluca; [35]). Research by Borme
et al. [36] has demonstrated that anchovy (Engraulis encrasicolus), a vital fisheries resource,
primarily prey on calanoid copepods in the Gulf of Trieste. Budi$a et al. [14] noted, that the
coinciding timing of M. leidyi blooms and shifts in anchovy distribution may be mutually
influential. Furthermore, recent findings by Piccardi et al. [37] indicate a decline in landings
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within the Venice lagoon, attributed to ctenophore blooms, which are exacerbated by rising
water temperatures. These blooms of M. leidyi appear to be a contributing factor to the
decreased landings of Gobius ophiocephalus and Sepia officinalis, the primary target species in
the artisanal fisheries of the lagoon.

To elucidate the real impact of M. leidyi on the environment of the Gulf of Trieste
and the adjacent northern Adriatic Sea, a study examining the competition between small
pelagic fishes, particularly anchovy, and M. leidyi could provide valuable insights into the
extent of ctenophore influence on native competitors. It is plausible that the similar feeding
habits of M. leidyi and small pelagics, such as anchovy (Engraulis encrasicolus) [36], may
result in intense competition. This conclusion aligns with findings by Budi$a et al. [14],
who noted a declining trend in anchovy abundance in the northern Adriatic coinciding
with M. leidyi blooms in the same region. Additionally, we cannot dismiss the potential for
competition for food with Aurelia spp., which are prevalent and abundant scyphozoans in
the area. However, the peaks in abundance of Aurelia and Mnemiopsis do not align in the
studied area [38]. Evidence from Kertinge Nor cove in Denmark indicates that A. aurita can
outcompete M. leidyi for food [39]. In this location, A. aurita polyps produce a significant
number of ephyrae in early spring, leading to a large population of small medusae [39].
Conversely, the coexistence of both species in another Danish environment, the Limfjorden,
has resulted in considerable predation pressure, severely depleting zooplankton stocks [39].

Despite the increasing body of research on M. leidyi in the Mediterranean and Adri-
atic Seas, the environmental factors influencing its sporadic presence remain ambiguous.
(sensu [40]). Consequently, a long-term monitoring program for M. leidyi and other carniv-
orous gelatinous zooplankton, as suggested by Liiskov ([38]), is essential. This initiative
should encompass investigations into predation impacts to better understand potential
competition with other zooplankton predators and their effects on the plankton community.
Future research should also examine the competition dynamics between microzooplankton
and mesozooplankton predators. Additionally, innovative methods for dietary assessment,
such as molecular tools like DNA metabarcoding, should be employed to address the
challenges of identifying partially digested prey [1]. However, it is important to note that
such tools cannot detect instances of cannibalism.
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