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With the continuous development of jellyfish fisheries and food products around the
world, an effective traceability system has become increasingly prominent. This study
provides insight into the origin traceability and authentication of two commercially
important jellyfish species, flame jellyfish Rhopilema esculentum and Nomura’s jellyfish
Nemopilema nomurai, while investigating the intra- and inter-specific variation in fatty
acid (FA) profiles and carbon and nitrogen stable isotope ratios (δ13C and δ15N). Results
showed significant differences in FA profiles and isotopic values in fresh bell tissues
between wild and farmed R. esculentum and among geographic origins, possibly due to
different food sources, nutritional status, and energy costs that each group experiences
at a given location. The linear discriminant analysis indicated that δ13C, δ15N, C16:0,
C17:0, C18:0, C16:1n7, and C20:5n3 were suitable discriminatory variables with a high
rate of correct classification for distinguishing origins of R. esculentum. In addition, inter-
specific FA profiles/biomarkers, combined with isotopic values, suggests the variety
of dietary sources and trophic positions of sympatric similar-sized R. esculentum
and N. nomurai and the potential use of biomarkers, especially stable isotope
analysis, for distinguishing sympatric jellyfish species. These results highlighted the
complementarity of FA and stable isotope analyses and provide an alternative approach
for improving the origin traceability and authenticity evaluation of untreated edible
jellyfish. Furthermore, this study adds new information regarding the biochemical
compositions of jellyfish species.

Keywords: Rhopilema esculentum, Nemopilema nomurai, jellyfish, fatty acids, stable isotopes, origin traceability

INTRODUCTION

Edible jellyfish is a traditional seafood resource in Asia. In recent years, jellyfish fisheries have been
successfully established in the American countries and Australia with new jellyfish species exploited
(Brotz et al., 2017; Bleve et al., 2019). There are 19 countries currently fishing for jellyfish, with
the commercial annual catch exceeded 1 million tons (Brotz et al., 2017). In China, jellyfish are
also recognized as an important aquaculture species using saltwater ponds, and part of them are
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exported (You et al., 2007; Jiang et al., 2019). The Food and
Agriculture Organization of the United Nations (FAO) has
proposed an increase in the utilization of jellyfish as new seafood
products and as feed for aquaculture, which can represent a
possible strategy to improve the overall sustainability of the
global fishery (Boero, 2013). The globalization of food markets
opens up new possibilities for many companies involved in the
production and import-export of edible jellyfish (Torri et al.,
2020). Meanwhile, consumers are increasingly aware of the
importance of seafood quality and safety control, for example, the
production method (i.e., wild or farmed), origin traceability, and
clear label information. These demands are also the regulatory
controls in the international market (D’Amico et al., 2014).
With the continuous development of jellyfish fisheries and
food products, methods aimed to improve food quality and
information, such as distinguishing wild and farmed individuals
and tracing the geographic origins, are needed. Moreover, the
market value and relative nutritional quality of jellyfish differs
between production method and species (Jiang et al., 2019).

Several methods have been applied for traceability and
authenticity of seafood. For example, DNA analysis is widely
used to classify the species of seafood (Rasmussen and Morrissey,
2008), and have proven to be useful for distinguishing jellyfish
species in food products (Armani et al., 2013, 2014). However,
this technique may not be effective to differentiate farmed and
wild individuals of the same jellyfish species. In the case of
aquaculture, farmed jellyfish may be produced in one farm,
but scyphistomae and/or ephyra may originate from wild areas.
Biomarkers or biochemical tracers, such as fatty acid (FA) profiles
and carbon and nitrogen stable isotope ratios (δ13C and δ15N,
respectively) have proven to be powerful indicators to distinguish
the geographic origin of target species and authentication (Kim
et al., 2015; Gopi et al., 2019). These techniques are based on the
concept that individuals have different foraging patterns and are
exposed to different environmental conditions at a given location
that leads to distinct biochemical characteristics (Vasconi et al.,
2019; Gong et al., 2020). δ13C can be used to determine the
carbon source as there is limited variation in values after a trophic
transfer, while δ15N values exhibit stepwise enrichment across
trophic levels and can be used to evaluate the trophic position
(Post, 2002). Certain FAs mainly derive from foods, are absorbed
with little change in the unique signature, making them suitable
for use as biomarkers (Parrish, 2013). Several studies have shown
that FA in combination with stable isotopes is effectively applied
to trace geographic origins of wild and farmed individuals and
authentication of marine organisms (Busetto et al., 2008; Thomas
et al., 2008; Vasconi et al., 2019). However, as most studies have
been conducted on marine fishes, knowledge of FA and stable
isotope analyses for origin traceability and authenticity of jellyfish
species is still incomplete.

In the present study, we focused on two commercially
important species of edible jellyfish, Rhopilema esculentum and
Nemopilema nomurai, which supports the jellyfish fisheries in
Asia countries (e.g., China, Indonesia, Japan, and Malaysia)
(Brotz et al., 2017). R. esculentum is also a major pond-cultured
jellyfish species in China, as well as employing hatchery programs
whereby hundreds of millions of juvenile R. esculentum are

cultured and sea ranched (You et al., 2007; Jiang et al., 2019).
For preservation and shipping, jellyfish are generally processed
through a stepwise procedure of soaking in mixtures of salts and
alum (Brotz et al., 2017). While in coastal areas, fresh jellyfish
is often eaten directly as a salad with seasonings and dressings
without prior treatment (You et al., 2007). This study aimed
to examine the potential use of FA and stable isotope analyses
and chemometrics to determine the origins of R. esculentum and
to distinguish the sympatric R. esculentum and N. nomurai. To
accomplish this objective, fresh R. esculentum and N. nomurai
from three regions were studied and the intra- and inter-specific
variations in FA profiles and the δ13C and δ15N values of bell
tissues were estimated.

MATERIALS AND METHODS

Jellyfish Sampling and Preparation
Wild Rhopilema esculentum and Nemopilema nomurai specimens
were sampled in the waters off eastern China in July of 2019
(Table 1 and Figure 1). Forty R. esculentum were collected
from two fishing grounds: Haizhou Bay and Yangtze Estuary.
Twenty-three N. nomurai were sampled from similar locations
of R. esculentum in Yangtze Estuary. In addition, thirty farmed
R. esculentum were purchased from a local farm in September of
2019 in Nantong, Jiangsu province (Table 1). All samples were
collected fresh and stored in aseptic food-grade plastic bags and
immediately transport to the laboratory on ice. In the laboratory,
the bell diameter of each specimen was measured. Bell tissues,
a major portion of R. esculentum with edible value (Jiang et al.,
2019), were extracted and washed thoroughly with ultrapure
water (Javidpour et al., 2016; MacKenzie et al., 2017). Each bell
piece was lyophilized and homogenized into a fine powder and
then stored at−20◦C prior to analyses.

Fatty Acid Analysis
The extraction of lipids was performed according to Folch et al.
(1957) with CHCl3/MeOH (2:1, v/v) on 200 mg powdered
bell tissues, the mixture was shaken for 5 min, and extracted
overnight. The extract was washed with 0.9% (w/v) NaCl solution
and then left to stand to allow separation. After each separation,
the organic (lower) layer was collected and dried under a
stream of nitrogen. The lipid sample was dissolved in 4 mL
NaOH/MeOH solution (0.5 M) and refluxed for 10 min in
an 80◦C water bath. Subsequently, 4 mL BF3/MeOH (14%,
w/v) was added and refluxed for 30 min. After cooling, 4 mL
n-Heptane and 15 mL saturated NaCl solution was added and
then left to stand to allow separation. The organic (upper)
layer containing FA methyl esters (FAMEs) was transferred to a
sample bottle. After the addition of an internal standard (19:0,
Nonadecanoic), samples (10 µL) were injected at 250◦C into a
gas chromatography/mass spectrometer (7890B/5977A, Agilent
Technologies) in split mode (split ratio 1:10), equipped with a
capillary column (HP-88, 60 m × 0.25 mm × 0.20 µm, Agilent
Technologies). The oven temperature program was from 125 to
145◦C at 8◦C/min and held for 26 min, then to 220◦C at 2◦C/min
and held for 1 min, and finally raised at 1◦C/min to 227◦C and
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TABLE 1 | Specimen characteristics and fatty acid profiles of the bell tissues of Rhopilema esculentum collected from three regions and Nemopilema nomurai collected
from Yangtze Estuary.

Species Rhopilema esculentum Nemopilema nomurai

Region (N) Farm (30) Haizhou Bay (19) Yangtze Estuary (21) Yangtze Estuary (23)

Sampling date 2019/09/02 2019/07/30 2019/07/18 2019/07/18

Bell diameter (cm, mean ± SD,
minimum, maximum)

37.9 ± 4.1, 29.0, 47.0 43.2 ± 7.7, 26.0, 51.0 38.1 ± 9.4, 22.0, 52.0 35.9 ± 8.6, 20.3, 47.0

C14:0 2.09 ± 0.48 5.36 ± 0.88 5.70 ± 1.78 1.75 ± 1.08

C15:0 1.18 ± 0.33 1.51 ± 0.20 1.41 ± 0.23 0.93 ± 0.20

C16:0 19.47 ± 1.93 45.96 ± 4.29 46.59 ± 5.59 42.34 ± 3.41

C17:0 1.86 ± 0.36 3.13 ± 0.41 3.34 ± 0.64 3.58 ± 0.76

C18:0 16.22 ± 2.34 21.84 ± 2.61 25.3 ± 3.17 33.73 ± 4.32

C20:0 1.10 ± 0.31 0.67 ± 0.06 0.75 ± 0.13 0.59 ± 0.08

C21:0 0.65 ± 0.23 0.07 ± 0.06 0.02 ± 0.02 0.01 ± 0.03

C22:0 0.88 ± 0.32 nd nd nd

C23:0 0.75 ± 0.28 nd nd nd

C24:0 0.83 ± 0.30 0.03 ± 0.04 0.15 ± 0.12 nd

6SFA 45.03 ± 3.99 78.58 ± 7.1 83.27 ± 8.36 82.93 ± 3.35

C14:1n5 0.56 ± 0.20 0.02 ± 0.03 nd nd

C15:1n5 0.63 ± 0.23 0.14 ± 0.07 0.19 ± 0.08 0.32 ± 0.12

C16:1n7 1.24 ± 0.30 1.38 ± 0.74 1.57 ± 1.50 0.70 ± 0.17

C17:1n7 0.82 ± 0.25 0.39 ± 0.16 0.54 ± 0.26 0.84 ± 0.45

C18:1n9 3.08 ± 0.48 1.81 ± 0.52 1.76 ± 0.99 1.73 ± 0.66

C20:1 0.73 ± 0.20 0.23 ± 0.04 0.26 ± 0.12 0.41 ± 0.14

C22:1n9 0.47 ± 0.21 nd nd nd

C24:1n9 1.50 ± 0.24 0.77 ± 0.11 0.91 ± 0.43 1.12 ± 0.54

6MUFA 9.05 ± 1.67 4.73 ± 1.09 5.23 ± 2.91 5.13 ± 1.41

C18:2n6 3.05 ± 0.75 1.29 ± 0.46 0.92 ± 0.65 0.95 ± 0.73

C18:3n3 3.31 ± 1.45 1.27 ± 0.53 0.62 ± 0.24 0.83 ± 0.31

C18:3n6 0.66 ± 0.23 0.37 ± 0.19 0.45 ± 0.26 0.92 ± 0.49

C20:2 0.82 ± 0.20 0.52 ± 0.12 0.62 ± 0.32 1.02 ± 0.40

C20:3n3 4.30 ± 0.62 1.43 ± 0.70 1.22 ± 0.54 1.70 ± 0.66

C20:3n6 0.70 ± 0.23 0.52 ± 0.15 0.62 ± 0.34 1.11 ± 0.45

C20:4n6 5.40 ± 1.62 1.81 ± 0.98 1.15 ± 0.60 1.10 ± 0.41

C20:5n3 12.50 ± 2.68 4.27 ± 2.60 2.11 ± 2.19 0.88 ± 0.58

C22:2n6 5.27 ± 1.74 1.66 ± 0.53 1.45 ± 0.63 1.74 ± 0.64

C22:6n3 9.91 ± 1.86 3.56 ± 1.65 2.34 ± 1.82 1.71 ± 0.45

6PUFA 45.92 ± 5.12 16.69 ± 6.10 11.50 ± 5.97 11.94 ± 2.10

N, number of samples; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; nd, not detected.

held for 1 min. The carrier gas was helium with a flow rate of
1.0 mL/min. FAME peaks were created using a mass spectrometer
detector and visualized using MassHunter (B.07.00) software.
FAMEs identification was made by comparison of the retention
times and mass spectra to those of known standards of 37 FAMEs
(GLC 37, Nu-Chek Prep, Inc.) and a NIST 14 mass spectral
library. The multilevel (n = 8) calibration curves were established
using GLC 37. Quantification of FAs was made according to the
response factor determined for each FA in the calibration curves
in relation to the internal standard.

Stable Isotope Analysis
Approximately 2.0 mg of dried bell tissue powder was
used to determine the carbon-to-nitrogen ratios (C:N) and
δ13C and δ15N values. Analysis of samples was conducted
with a vario ISOTOPE cube elemental analyzer (Elementar
Analysensysteme GmbH, Hanau, Germany) and IsoPrime
100 isotope ratio mass-spectrometer (Isoprime Corporation,

Cheadle, United Kingdom). During analysis, samples were
interspersed with triplicates of two laboratory working standards,
acetanilide (C:N = 6.862) and protein (δ13C = −26.98h and
δ15N = 5.94h). The long-term standard deviation was 0.01,
0.03h, and 0.05h for C:N, δ13C, and δ15N, respectively.

Lipids have more negative δ13C values compared to other
biochemical compounds, e.g., proteins and carbohydrates
(DeNiro and Epstein, 1977), and lipid content in bell may vary
between individuals. In order to avoid any bias induced by lipid
content in bell tissues of R. esculentum (i.e., the average C:N > 3.5
in all sampling areas, as discussed below), mathematical methods
were used to correct the initial δ13C values (Post et al., 2007).
The lipid-corrected δ13C value was evaluated using the equation
proposed by D’Ambra et al. (2014) for jellyfish species with the
C:N as a proxy for lipid content:

δ13C = δ13Cinitial − 9.43 + 2.69 × C:N
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FIGURE 1 | Sampling areas of edible jellyfishes Rhopilema esculentum and Nemopilema nomurai.

Statistical Analysis
Fatty acids were calculated as a percentage of total FAs in the
sample, and FAs that accounted for greater than 0.5% in all
origins and jellyfish species were selected for statistical analyses.
To explore the effect of size on the dataset, R. esculentum
individuals were classified by bell diameter grouped into
5 cm intervals. Multivariate analysis of variance (MANOVA)
was performed to examine the difference in FA profiles of
R. esculentum from the different sampling groups with the
geographic origin and size-class as potential predictors. The
Pillai trace test statistic from the MANOVAs was used to
test significance; it is robust to violations of homogeneity
of covariance. Principal component analysis (PCA) was used
to determine the main FAs that contributed to the observed
differences between wild and farmed R. esculentum and among
origins. In addition, linear discriminant analysis (LDA) with a
leave-one-out stepwise jack-knife procedure was performed on
the FA profiles and isotopic datasets to identify the variables that
would distinguish the origins of R. esculentum and calculate the
classification rates. Similarity of percentages analysis (SIMPER)
was used to identify the FAs that contributed most to the inter-
specific FA profiles, by indicating the percentage contribution
of each FA based on the Bray-Curtis dissimilarity of each pair.
All statistical analyses and graphics were carried out by SPSS
version 19.0 and OriginPro software Version 2021 (OriginLab
Corp., Northampton, MA, United States). The significance

level was set at 0.05. All results are presented as the mean
value± standard deviation (SD).

RESULTS AND DISCUSSION

Intra-Specific Variation in Biomarkers of
Rhopilema esculentum and Implications
for Origin Traceability
The FA profiles and bell diameters of R. esculentum from
three sampling areas are shown in Table 1. Across all bell
diameter intervals (22-52 cm), R. esculentum individuals were
grouped into 6 size-class. The MANOVA results showed that
FA profiles of R. esculentum significantly influenced by origin
(Pillai trace = 1.87, F = 14.80, p < 0.01), but not size-class (Pillai
trace = 2.43, F = 1.12, p = 0.24) or the combined effect of origin
and size-class (Pillai trace = 3.55, F = 1.04, p = 0.39). Different
types of FAs were detected in the three sampling groups; e.g.,
C22:0, C22:1n9, and C23:0 were not observed in wild specimens,
and C14:1n5 was not detected in R. esculentum from Yangtze
Estuary. Nonetheless, similar proportions of the main FA classes
were observed in both wild sampling groups. The dominant FAs
of wild specimens were saturated fatty acids (SFAs), followed
by polyunsaturated fatty acids (PUFAs) and monounsaturated
fatty acids (MUFAs), which is consistent with the previous
results reported for three wild Mediterranean jellyfish species
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(Leone et al., 2015). Other studies report higher levels of PUFAs
(e.g., 57.2% for moon jellyfish Aurelia aurita, Ying et al., 2012;
68% for mauve stinger Pelagia noctiluca, Milisenda et al., 2018);
however, such comparisons should be treated with caution given
inherent differences in the type of species investigated, which
possess different biological and ecological characteristics (e.g.,
size, nutritional status, and food resources) (Milisenda et al.,
2018; Stenvers et al., 2020). These differences could also result in
a divergence in FA profiles between wild and farmed specimens,
the latter was characterized by a relatively high level of SFAs and
PUFAs with the lowest level of MUFAs (Table 1). For example,
it was reported that the diet of wild R. esculentum was mainly
composed of plankton, suspended particles, and fish eggs (Sun
et al., 2016), while farmed R. esculentum individuals were feed on
an adequate supply of plankton, Artemia sp., rotifers, minced fish
and other artificial feed (You et al., 2007).

From the 28 FAs detected, 18 FAs had a mean proportion
greater than 0.5% in all origins of R. esculentum and N. nomurai
specimens, consisting of six kinds of SFAs (C14:0, C15:0, C16:0,
C17:0, C18:0, and C20:0), three MUFAs (C16:1n7, C18:1n9,
and C24:1n9), and nine PUFAs (C18:2n6, C18:3n3, C20:2,
C20:3n3, C20:3n6, C20:4n6, C20:5n3, C22:2n6, and C22:6n3),
and accounted for 87.4 to 99.3%. PCA of these FAs provides
an overview of the differences among sampling groups of
R. esculentum (Figure 2A). The scatterplot (score plot) referred
to the first two principal components, accounting for 70.54%
of the total variance, showed a clear separation between wild
and farmed specimens along with the first principal component.
Meanwhile, the considerable overlap between individuals from
Haizhou Bay and Yangtze Estuary suggests that FAs alone cannot
be used to distinguish all origins. The main FAs counting for
variation in the first principal component were SFAs (e.g., C16:0)
and PUFAs (e.g., C18:1n9, C20:4n6, C22:2n6, and C22:6n3).
SFAs are documented as predominant storage lipids for the
growth and survival of marine organisms (Quérouil et al., 2013;
Ricardo et al., 2015). Hence, variations in SFAs are probably due

to divergent nutritional/energetic stages of jellyfish inhabiting
distinct environmental conditions (e.g., water temperature and
food availability), and wild R. esculentum may undertake
relatively larger energy costs for the growth and/or capturing
preys than that of farmed specimens. The ratio of omega-3 and
omega-6 PUFAs (n3/n6) can be used in the nutritional analysis as
a proxy of seafood quality (Nogueira et al., 2017). In this study,
higher n3/n6 values occurred in Haizhou Bay (1.81 ± 0.54) and
farmed (1.75± 0.63) individuals than that of R. esculentum from
Yangtze Estuary (1.28 ± 0.57; ANOVA, F2,67 = 4.93, p < 0.01),
indicating the variability in the relative nutritional quality of
jellyfish of different origins.

Rhopilema esculentum specimens collected from three origins
revealed C:N ranging from 3.56 ± 0.11 to 3.74 ± 0.22 and
thus lipid-corrected δ13C values were used in further analyses
(Post et al., 2007; D’Ambra et al., 2014). The δ13C values for all
specimens ranged from –21.84 to –18.90h (–20.76 ± 0.69h),
while R. esculentum had a much wider range of δ15N values, from
3.16 to 11.03h (7.60 ± 2.11h) (Figure 2B). Previous analyses
of the isotopic values of three jellyfish species in the Yellow Sea
yield similar isotopic values: δ13C values ranging between –22.0
and –17.4h and δ15N values ranging between 4.8 and 10.6h
(Ying et al., 2012). However, isotopic values of R. esculentum
captured from Yangtze Estuary (δ13C: –20.58 ± 0.50h, δ15N:
4.57 ± 0.85h) are lower than those reported for similar-
sized lion’s mane jellyfish Cyanea nozakii collected near
Yangtze Estuary during 2017 (δ13C: –16.88 ± 0.39h, δ15N:
10.46 ± 0.28h, Wang et al., 2020). This may be explained
by the intraguild predation of C. nozakii that N. nomurai and
small medusae were the main prey items of this species (Wang
et al., 2020), and N. nomurai was found to have higher δ13C and
δ15N values (–16.80 ± 1.28h and 8.11 ± 1.45h, respectively)
than R. esculentum in our study (as discussed below). On the
other hand, the differences in the sampling year might also lead
to different δ13C and δ15N values between R. esculentum and
C. nozakii since temporal variations of δ13C and δ15N values have

FIGURE 2 | Principal component analysis of fatty acid profiles (A) and stable isotopic ratios (B) of Rhopilema esculentum collected from three origins. Black arrows
represent the direction of the component loadings for each FA with factor weights >0.6 and <–0.6.
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been reported in several previous studies performed on jellyfish
(Fleming et al., 2015; Javidpour et al., 2016; Marques et al.,
2020). Significant spatial variations were found in δ13C and δ15N
values among origins (ANOVA, δ13C: F2,65 = 66.66, p < 0.01;
δ15N: F2,65 = 255.17, p < 0.01, Figure 2). Farmed R. esculentum
displayed lower δ13C values (–21.28 ± 0.31h) than specimens
from Haizhou Bay (–20.14 ± 0.69h) and Yangtze Estuary, with
no significant differences between the two wild sampling groups
(p = 0.99). Values for δ15N were significantly lower in Yangtze
Estuary followed by Haizhou Bay (8.71 ± 0.95h) and farm
(9.02 ± 0.29h). Spatial variability in isotopic values might also
result from the variety of dietary sources, as displayed by the site-
specific FA profiles. Niche overlap, measured by the convex hulls
of isotopic values, was only observed between specimens from
Haizhou Bay and farm (Figure 2B) indicated that the δ13C and
δ15N values could be a potential tool to discriminate the origins
of wild jellyfish.

To determine the most suitable variables that can classify the
R. esculentum from three origins, the δ13C and δ15N values, and
twelve of the most abundant FAs were combined and subjected
to LDA with a leave-one-out stepwise jack-knife procedure. The
LDA identified seven valid variables (δ13C, δ15N, C16:0, C17:0,
C18:0, C16:1n7, and C20:5n3) that served as discriminatory
variables for the three origins (Table 2). We obtained a 100%
correct cross-validated classification rate within each of our
sampling groups (Figure 3). This suggests that combined use of
FAs and stable isotopes can improve the traceability of origins
of wild and farmed jellyfish compared with the results using
either analysis alone, as mentioned above. These findings also
correspond with previous studies in which a combination of FA
and stable isotope analyses was used to distinguish production
method (i.e., wild or farmed) and origins of commercially
important seafood and aquaculture species, such as turbot Psetta
maxima (Busetto et al., 2008), Atlantic salmon Salmo salar
(Thomas et al., 2008), and European eel Anguilla anguilla
(Vasconi et al., 2019). However, it is relatively rare to discriminate
the origin of the jellyfish species.

Discrimination of Two Sympatric
Jellyfish Species by Biomarkers
There was no significant difference in bell diameter between
sympatric R. esculentum and N. nomurai from Yangtze Estuary
(ANOVA, F1,42 = 3.60, p = 0.07). However, FA profiles

TABLE 2 | Function coefficients of the linear discriminant analysis for three origins
of jellyfish Rhopilema esculentum.

Variables Yangtze Estuary Haizhou Bay Farm

δ13C −67.777 −75.502 −69.929

δ15N 11.081 11.511 2.395

C16:0 14.819 9.063 14.815

C17:0 62.343 39.051 64.579

C18:0 6.349 4.361 6.993

C16:1n7 37.992 20.934 40.016

C20:5n3 19.766 14.003 20.072

(Constant) −1307.948 −1116.801 −1320.366

FIGURE 3 | Linear discriminant analysis plots showing the distribution of
Rhopilema esculentum from three origins.

differed significantly between the species. SIMPER analysis
of the FA dataset showed that C14:0, C16:0, C18:0, and
C20:5n3 contributed 67.8% of the Bray-Curtis dissimilarity
between two jellyfish species. The higher level of C14:0 and
C20:5n3 in R. esculentum individuals (Table 1) reflects the
characteristic of dietary tracer for diatoms (Parrish, 2013). The
FA biomarker ratio of C16:1n7/C16:0 typically used to infer
a dominant diatom versus dinoflagellate (Auel et al., 2002),
was also significantly higher in R. esculentum (0.037 ± 0.038).
In contrast, N. nomurai had a relatively high level of the
PUFA containing 18 carbon atoms (2.70 ± 0.66% and
1.99 ± 0.95% for N. nomurai and R. esculentum, respectively)
and low C16:1n7/16:0 (0.017 ± 0.005), which are biomarkers
of dinoflagellates (Dalsgaard et al., 2003; Patil et al., 2007). FA
biomarkers of copepods were present in both jellyfish species.
The values of certain biomarkers indicate that R. esculentum
and N. nomurai consumed large (C20:1n9) and small (C16:0,
C18:1n9, and C20:5n3) copepods (Dalsgaard et al., 2003). Besides
the relatively low levels of C16:0 and C20:5n3, and high C20:1n9
in N. nomurai suggests a greater dietary intake of large calanoid
copepods (Table 1). SFAs, particularly C16:0 and C18:0, are
the basic FAs in the two jellyfish species and are generally
documented as functional storage lipids to provide an adequate
energy source for the growth and survival of marine organisms
such as fish (Tocher, 2003). It is therefore likely that the inter-
specific amounts of C16:0 and C18:0 are representing different
nutritional/energetic stages between sympatric jellyfish species
in a given area, perhaps in relation to the different dietary
sources displayed by FA biomarkers. The PCA scatterplot showed
separation of two jellyfish species was mostly driven by the
second principal component (Figure 4A). Although differences
were observed in specific FA and/or FA biomarkers, a slight
overlap was observed in convex hulls between R. esculentum
and N. nomurai based on the PCA results of FA profiles
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FIGURE 4 | Principal component analysis of fatty acid profiles (A) and stable isotopic ratios (B) of sympatric Rhopilema esculentum and Nemopilema nomurai
collected from Yangtze Estuary.

(Figure 4A), which indicates that FAs alone may not be able to
fully distinguish two species.

For stable isotope analysis, the average C:N of N. nomurai
specimens was 3.20 ± 0.13 and thus initial δ13C values were
used in further analyses (Post et al., 2007). The ANOVA results
showed that δ13C and δ15N values were significantly different
between species (δ13C: F1,42 = 154.4, p < 0.01; δ15N: F1,42 = 91.1,
p < 0.01). R. esculentum had lower δ13C and δ15N values (–
20.58 ± 0.50 h and 4.57 ± 0.85h, respectively) than those of
N. nomurai (–16.80 ± 1.28h and 8.11 ± 1.45h, respectively).
These differences corroborate the previous findings in the FA
biomarkers that two jellyfish species might have different food
compositions, e.g., N. nomurai appears to uptake copepod of
larger size or higher trophic positions with high δ13C values.
Unlike the FA results, biplots of δ13C and δ15N values were
effectively discriminate two jellyfish species, with no overlap
found in isotopic convex hulls (Figure 4B). These results
indicate that stable isotopes could be alternative biomarkers
for distinguishing sympatric jellyfish species, which is also in
agreement with previous studies on commercial fish (Kim et al.,
2015; Gopi et al., 2019).

CONCLUSION

This study was the first to evaluate the effectiveness of multiple
biomarkers (FAs and stable isotopes) to discriminate geographic
origins of an edible jellyfish species, R. esculentum, and to
distinguish the R. esculentum and another sympatric jellyfish
N. nomurai. R. esculentum varied in their FA profiles and isotopic
values of fresh bell tissues for the 3 origins, possibly due to
different food sources, nutritional status, and energy costs that
each sampling group experiences at a given location. The high
rate of correct classification highlighted the complementarity
of FA and stable isotope analyses for distinguishing the origin

and production method of untreated R. esculentum. In addition,
the differences in FA profiles and isotopic values emphasized
the inter-specific foraging strategies of sympatric R. esculentum
and N. nomurai, and stable isotope analysis has the potential
to become an effective method for distinguishing the sympatric
jellyfish species. However, given the temporal and spatial
variability in isotopic values of jellyfish, including R. esculentum
(Fleming et al., 2015; Javidpour et al., 2016; Milisenda et al.,
2018), it is unknown whether the high classification rate in
our study would also occur in other geographical locations
and seasons. Moreover, the effectiveness of these biomarkers
for distinguishing the origin and species of processed jellyfish
remains to be explored.
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