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When you go to the beach, it might seem like there are more jelly sh
every summer. Is this true? We study the barrel jelly sh, which livesi n
ARIN the Mediterranean and Black Seas. Since the end of the XIX century,
Ges many scientists and interested members of the public have been
recording the sightings of this jelly sh along the coasts. We collected
this information to see whether jelly sh numbers are increasing
with the warming of the ocean waters. We found that, due to the
SANKET warming of the sea caused by climate change, the barrel jelly sh are
AGE:10 appearing earlier in the year, and there are greater numbers of barrel
jelly sh in some regions now compared with years past. Although
other factors, such as food, predators, or habitat changes may also
a ect marine species, our results indicate that ocean warming could
have direct e ects on living organisms, changing the functioning of
marine ecosystems.
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ORAL ARMS

Anatomic structures of
jelly sh, located around
the mouth, which hold
the stinging cells
injecting venom in

jelly sh prey

or predators.

Figure 1

(A) Map of the world,
with a magnifying glass
zooming in on the
study area. (B) We
studied barrel jelly sh
populations in the
Mediterranean and
Black Seas.(C) The
scienti c name for the
barrel jelly sh is
Rhizostoma pulmo .
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WARMER WATERS ARE INCREASING SOME JELLYFISH
POPULATIONS

Human activities are changing the natural composition of Earth's
atmosphere, causing our planet to warm up in recent decades.
This atmospheric warming causes an increase in ocean temperatur e,
which changes the way marine ecosystems work [1]. There are two
main consequences: rst, the areas where ocean organisms live a re
changing; and second, some species disappear from their orig inal
habitats [2] while others resist the changes and even thrive in the
warmer environment, like some jelly sh species [3, 4].

You may already be familiar with jelly sh—they are fascinatinga nimals.
The body of a jelly sh is shaped like an umbrella, is gelatinou s,
mainly clear in color, and has tentacles and/or oral arms around its
central mouth. Jelly sh are composed of about 95% water, and they
do not have brains or hearts. Jelly sh have lived in the seas sin ce
even before dinosaurs walked the Earth! Throughout Earth's histo ry,
jelly sh survived through all the climate changes that many spec ies,
including the dinosaurs, could not tolerate. So, it seems that je Ily sh
are particularly resistant to environmental changes.

In 2013, a team of researchers showed that some jelly sh are
increasing in number, but not all species, and not in all loca tions [4].
Why are some species increasing in number—is it because the oc eans
are getting warmer? We tested this idea in the Mediterranean and Black
Seas (Figures 1A,B).

Figure 1

WHICH JELLYFISH DID WE STUDY?

Tiny or large, round or attened, along the coasts orin the deepoce  an,
there are hundreds of jelly sh species inthe world. Itisdi cul ~ tto study
all of them. In this article, we will tell you about one species, the ba rrel
jelly sh (Figure 1C). This species lives only in the Mediterran ean and
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CITIZEN SCIENCE

Scienti ¢ studies
conducted by people
(volunteers) who are
not necessarily
researchers. Volunteers
report their sightings
and scientists gather
data that could be

di cult to collect on

their own.
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Black Seas. These seas are almost completely surrounded by la nd—in
the north by Europe, in the south by Africa, and in the east by Asia
(Figure 1B), so it is a well-de ned area to study.

We focused on the barrel jelly sh because it is one of the most
common Mediterranean jelly sh, but it has not been studied as m uch
as other jelly sh species. It is also one of the biggest jellys h in the
area, and its large size makes it easy to spot. Adults measure 30—6 0cm
in diameter, which is roughly the size of a bicycle wheel. Finally , it is
easy to recognize thanks to the blue/violet-colored band borderi  ng its
umbrella (Figure 1C).

FISHING FOR INFORMATION

Humans have been investigating nature for hundreds of years.
Scientists from universities, museums, or research institutions perform
studies and publish their results in scienti ¢ journals. Butnon -scientists
can help with this research, too! There are programs around the worl  d
studying birds, butter ies, plants, stars, and even jelly sh, in  which
anyone can participate as a volunteer. Through such programs, p eople
can observe nature and share their sightings online. For exampl e, if
you are interested in butter ies, you can take photographs of the
species you nd in your garden or neighborhood and upload them

to an online platform created by scientists [5], indicating the loca tion,
date, and number of butteries you saw. The scientists can then
identify the species and study when and where they appear based on
many observations by volunteers. This is called citizen science (see a
Frontiers for Young Minds article about it here [5]) and it has increased
the amount of information available on wild species such as jell y sh.
Thanks to the internet, an observation made by a volunteer in Tunisi a,
for example, can easily be seen by a researcher in France. For our
study, we did not need to go out to collect new information, or ask
people questions, because all the information we needed was alrea dy
on the internet.

Our study analyzed almost 150 years of observations, from 1875
to 2019, obtained from published scientic research and from
observations uploaded to the internet by volunteers. We also need ed
to know the sea temperature during all those years. Some temperature
data were obtained by satellites and the sea temperatures of the past
were calculated from mathematical equations. All this information  is
freely available on the internet, and once we had it all, we could
evaluate whether there is a relationship between the numbers of
jelly sh and sea temperatures.
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PHENOLOGY

Study of an organism's
life-cycle events
(mating, migration,
hibernation, etc.) and
how these are

in uenced by seasonal
and yearly variations
in climate.

BIOGEOGRAPHY

Distribution of a species
in a region shaped by
environmental factors.

Figure 2

Presence of the barrel
jelly sh in the
Mediterranean Sea
before and after 2010.
You can see that, after
2010, barrel jelly sh
have been present for
about two more
months.

Leoni et al. Some Jelly sh Like It Hot!

WHAT CLUES DID WE FOLLOW?

Using the data we gathered, we studied various characteristics of
the barrel jelly sh. First, we studied its phenology , which means the
life-cycle events of an organism, such as reproduction or migr  ation,
and how they are in uenced by climate variations across seasons and
between years. For each year, we identi ed the months when the
jelly sh were present in the water column. By comparing years, we
could see whether this period changed over time—did barrel jelly sh
appear earlier or later, and did they remain in the water column for a
shorter or longer time?

Second, we characterized the biogeography of the barrel jelly sh

in the Mediterranean and Black Seas. This means that we tracked
changes in the places where they could be found. Our analysis sho wed
that the numbers of jelly sh and the places where they were found

di ered depending on the year.

JELLYFISH ARE OBSERVABLE FOR A LONGER PERIOD OF
TIME

During a typical year, barrel jelly sh can rst be observed in th e
water column in spring, when the sea temperatures start to rise.
They disappear during the winter when sea temperatures decrease.
However, the exact date when barrel jelly sh appear for the rsttim e,
or when they disappear, can change from year to year.

Before 2010, barrel jelly sh were present from June to December,
for 7 months out of 12. After 2010, the jelly sh appeared earlier in
spring, with the rst observations in April, but they still disappe ared
in December. So currently, this species is present in the water colu mn
for 9 months. In other words, since 2010, barrel jelly sh have be en
observed in the sea for 2 months longer than they were previously
observed (Figure 2). We also observed that the sea temperature is
warming up earlier in the year, due to global warming.

WINTER SPRING SUMMER
” January | February | March | April | May | June | Jul VAugusf Septel mber

200 =

After
2010

Figure 2
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Figure 3

Changes in the number
of barrel jelly sh in
several regions of the
Mediterranean and
Black Seas, before and
after 2010. The orange
magnifying glass shows
Tunisia, and the purple
magnifying glass shows
the Aegean Sea. In both
regions, barrel jelly sh
are common now but
were rarely seen before
2010.

PLANKTON

Aquatic organisms with
diverse shapes and
sizes unable to swim
against currents;
instead, they drift along
with tides and currents.
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MORE JELLYFISH IN THE MEDITERRANEAN SEA

Our results showed that, as sea temperatures have warmed, the
number of barrel jelly sh has increased in the Mediterraneana nd Black
Seas. Before 2010, jelly sh were present in low numbers, while after
2010, they became numerous everywhere. By numerous, we mean
that there is at least one jelly sh in one cubic meter of water—the
equivalent of one jelly sh in eight bathtubs of water. This incre ase
in jelly sh numbers is particularly noticeable over the past 10 years.
Warmer water has not only resulted in increasing numbers of jell y sh,
but has also changed the places where they can be found. Barrel
jelly sh are now often observed where they were rarely observed
before, such as along the coasts of Tunisia or in the Aegean Sea
(Figure 3).

Figure 3

MORE JELLYFISH, LESS FISH

This study shows that global warming can change the life of
some species. In this case, warming waters seem to benet barrel
jelly sh, allowing them to increase in number. However, increas ing
temperatures can cause problems for other species [2]. For exam ple,
jelly sh eat plankton , shrimp, or mollusks; and shes compete with
jelly sh for the same foods. The numbers of these shes could
decrease if jelly sh become more numerous, as there would be le ss
food for the shes. In addition, jelly sh can eat sh eggs and la  rvae.
An increase in the number of jelly sh eating these young shes co uld
reduce the number of adult shes. Human activities could also be
a ected by the ecosystem changes caused by rising sea temperature s.
Some shers catch a lot of jelly sh in their nets, reducing the num  bers
of sh they catch—so they have fewer sh to sell or eat. But maybe
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EUTROPHICATION

Enrichment of a body
of water by nutrients

(nitrogen, phosphorus),

which can result in the
formation of
algal blooms.

1 See https://
observation.
org/ ;
https://
jellywatch.org/
node/add/
new_sighting
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there will be some positive consequences of increasing jellys h
numbers, too. The barrel jelly sh can be eaten by humans, maybe |, in
the future, we will see this jelly sh on our plates.

UNANSWERED QUESTIONS

We still are not completely sure that rising temperatures are the
only cause of the increasing numbers of barrel jelly sh. The j elly sh's
predators are being over shed and decreasing in number, so fe wer
jelly sh are being eaten. Other human activities in coastal areas
could also accelerate the increase in barrel jelly sh.  Eutrophication of
coastal waters can increase the amount of jelly sh food [4], help ing to
boost their populations. Eutrophication is a process by which water
becomes overly enriched in nutrients, often from fertilizer run -0
from farms or from other forms of water pollution. Eutrophication
also reduces the oxygen concentration in the water—a condition that
jelly sh tolerate better than most animals [4]. Finally, an incre ase in
human-made hard structures, such as ports and sunken ships, cou Id
bene t some jelly sh species [4].

There is still much more to learn about jelly sh, their whereabou ts,
and their behaviors, so the research continues! A lot of the infor mation
used for this research came from citizen science. So, we need you to
enter your jelly sh sightings and contribute to future research! Y  our
help is greatly appreciated! 1
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YOUNG REVIEWERS

ARIN, AGE: 9

I am 9 years old and | am in 4th grade. Did you know | love to play soc cer? | think
you would also like soccer too. My favorite food is, of course , Italian, itis... breaseta!
| also like pizza like most people. The foods | do not like are mushrooms  and bengan
(Indian food). My favorite hobbies are learning about ying things , soccer (like | said
before), and playing video games (of course). My favorite color is green and | like a
game called perplexes. | also like a game called Beat that! When | ha ve free time
| like to nish up books or do NitroType (It helps practice your typing s  Kkills). My
favorite holiday is, of course, Christmas! Things | need to prac tice more on is reading
longer and more content books for long periods of time. | want to be par  t of this
reviewing activity because | enjoy learning and | want to improv e my subject skills,
especially science.
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ARSH, AGE: 11

Hi! My name is Arsh and | am a 6th grader. | like pizza, swimming, tenn is and you
get the jist. | would like to be a young reviewer because | would | ike to read all the
articles and share my thoughts on it while making it better. | am t hankful to get an
opportunity like this.

SANKET, AGE: 10

Hi, my name is Sanket. | am 10 years old. | live in Southern Califor nia and go to
Clara Barton Elementary school. | am in 5th grade. My favorite su bjects in school are
science, social studies, history, and maths. | like snow sleddin g and basketball. | also
like to know about di erent countries of the world.
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