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Abstract: Chrysaora plocamia is one of the 15 species of
thejellyfish genus Chrysaora. This species has an unusual
distribution pattern, occurring on both Atlantic and
Pacific coasts of South America. It is distributed along
the southeastern Pacific Ocean, encompassing coastal
areas of Peru and Chile, and reaching the Patagonian
coast of Argentina in the southwestern Atlantic.
During two separate events, two large specimens of
Chrysaora were collected on the east coast of Uruguay
at La Paloma. Based on morphology and molecular data,
these specimens were identified as Chrysaora plocamia.
These records are described along with oceanographic
features observed at that time. Unusual oceanographic
and atmospheric conditions may explain the presence
of these specimens 1,100 km north of the current
northernmost known distribution.
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There are more than 200 species of scyphozoan jelly-
fishes in the world (Mianzan and Cornelius 1999). These
organisms are well known for their seasonal presence
in most oceans. In South America the largest species of
scyphozoan jellyfish, Chrysaora plocamia, is one of the
few that promotes blooms along coasts of the Atlantic
and Pacific (see more in Mianzan et al. 2014). First de-
scribed from Peruvian waters (Lesson 1830) as Cyanea
plocamia, there is surprisingly little ecological informa-
tion on this remarkable species (Morandini and Marques
2010). Despite this lack of coverage, Chrysaora plocamia
has important ecological roles, including their trophic
relationship and symbiotic interactions with pelagic
fish, sea turtles, association with amphipods, copepods
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and anemones. This large jellyfish negatively affects in-
dustries in the region when abundant, including fishing,
aquaculture, desalination plants and tourism (Mianzan
and Cornelius 1999; Mianzan et al. 2005; Mianzan et al.
2014).

Many species of Scyphozoa are distributed in differ-
ent temperature regimes. Some tropical and subtropical
species occur over large areas of the Atlantic, Pacificand
Indian oceans; on the other hand, other species may be
restricted due to biogeographical barriers (Arai 1997;
Morandini et al. 2005). Chrysaora plocamia presents
an uncommon distribution pattern, occurring on both
coasts of southern South America, that s, in the eastern
South Pacific (Peru, Chile) (Lesson 1830; Stiasny 1937;
Kramp 1952) and western South Atlantic (Argentina)
(Mianzan and Cornelius 1999). This pattern of distribu-
tion fits with oceanographic data and circulation noted
by Acha et al. (2004) and known as the Patagonian cold
estuarine zone that connects the Pacific and Atlantic
oceans. No morphological difference in C. plocamia
from these different areas has been noted by previ-
ous authors (Stiasny 1937, Morandini and Marques
2010). This species can be found across a range that
encompasses two large marine ecosystems (LMEs): the
Humboldt Large Marine Ecosystem in the Pacific and
the Patagonian Shelf Large Marine Ecosystem in the
Atlantic (Heileman 2009; Heileman et al. 2009). These
LMEs, with a combined coastline of 13,000 km and sur-
face area of more than 5.5 million km, represent a large
fraction of South American coastal waters (Miloslavich
et al. 2011). The finding of C. plocamia in La Paloma,
Uruguay (ca. 34°40'S) is here reported and discussed,
including morphological, molecular and oceanographic
evidence.
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Figure 1. Geographic distribution of Chrysaora plocamia covering two large marine ecosystems in the Pacific and Atlantic Oceans (red). Circle: location

of the stranded specimens reported here, 1,100 km north of the previously known range.

Two large specimens of Chrysaora plocamia were col-
lected at La Aguada Beach (34°38'43" S, 054°09'13" W),
La Paloma, Uruguay (Figure 1), in two distinct events:
8 December 2012 and 20 July 2014. The two specimens
were found stranded on sand at the tide line. The animals
were kept in a bucket with seawater for observations and
photographing and soon preserved in 4% formaldehyde
solution, with the exception of some tentacles that were
previously preserved in 95° ethanol. The morphologi-
cal studies of the preserved specimens were based on
Morandini and Marques (2010). Specimens (CHRP001/
CHRPO002) were deposited in Museo Nacional de Histo-
ria Natural (Montevideo, Uruguay).

In addition to the samples collected in Uruguay, two
specimens of Chrysaora plocamia from Ilo, Peru (17°38’
53" S, 071°21'12" W) were utilized in our molecular studies.
Specimens of Chrysaora lactea collected in La Paloma
(December 2012) were also used for genetic comparison.
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The molecular study was based on the protocol defined
in Stampar et al. (2012). DNA was extracted using Insta-
Gene (Bio-Rad) from single tentacles removed from
the specimens. Genes were amplified using the PCR
technique, then PCR products purified with AMPure®
kit (Agencourt®). The PCR primers CB1 and CB2 (Cun-
ningham and Buss, 1993) were used to amplify part
of the 16S gene. Purified PCR products were made
ready to sequencing using the BigDye® Terminator
v3.1 kit (Applied Biosystems), with the same primers
and temperature conditions of the PCR’s reactions.
The sequencing procedure was carried out on an ABI
PRISM®3100 genetic analyzer (Hitachi).

Sequences were assembled and edited (removing
ambiguous base calls and primer sequences) using
Geneious™7 (Drummond et al. 2011). The alignment
in every molecular marker were made using MUS-
CLE (Edgar 2004) in default parameters. Kimura’s
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Figure 2. Chrysaora plocamia from Uruguayan coast. A: Specimen found in 2012 (Scale bar: 15 cm) (CHRP001). B: Specimen found in 2014 (Scale bar: 70
cm) (CHRP0O02). C: Detail of canal system in lappets (Scale bar: 2 cm) (CHRP0O1). D: Quadralinga (Scale bar: 3 cm) (CHRP001).

two-parameter model of base substitution in MEGA6
software (Tamura et al. 2013) and p-distance in Geneious
7 was used to calculate genetic distances. The sequences
were submitted to GenBank: Chrysaora plocamia (Peru-
vian specimens KT371520/KT371521 and Uruguayan
specimen KT371522) and Chrysaora lactea (Uruguayan
specimen KT371523 - CHRP0O1).
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The Humboldt Current (HCS) LME extends along
the west coast of South America from northern Peru
to southern Chile and is one of the major upwelling
systems of the world. The HCS is characterized by the
flow of cold and low salinity waters toward the equator
(Heileman 2009; Heileman et al. 2009). Environmen-
tal conditions in the HCS are broadly characterized
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by nutrient-rich cold waters, showing slight seasonal
temperature variability compared to those found in
other coastal ecosystems at similar latitudes (Camus
2001; Thiel et al. 2007). The influence of the continuous
upwelling of cold subsurface waters, mainly at northern
Chile and Peru, and seasonal upwelling in southern to
central Chile (Thiel et al. 2007), causes an atypical weak
south to north temperature gradient and extends the
influence of cold environmental conditions northward
(Camus 2001). Therefore, many species in the HCS
exhibit broad distributional ranges and are adapted to
moderately constant low water temperatures (Riascos et
al. 2009).

The Patagonian Large Marine Ecosystem extends from
Uruguay to the Strait of Magellan. It is influenced by
two major wind-driven currents: the northward flowing
Malvinas Current a branch of a Circumpolar Current
that flows along the continental shelf of Argentina
(Garzoli 1993; Vivier and Provost 1999) and the
southward flowing Brazil Current (Stramma et al. 1990).
The Brazil and Malvinas currents converge at about 38° S
(Saraceno et al. 2004) and generate conspicuous frontal
zones and eddies, consequently this area is a region of
high energy, primary productivity and spatio-temporal
variability, which influences the hydrography of the
adjacent continental shelf (Garzoli and Garrafo 1989;
Gordon 1989; Goni and Wainer 2001). Additionally, the
freshwater discharge from the Rio de la Plata, the major
freshwater inflow of the area (Guerrero et al. 1997), with
seasonal and interannual variations, adds complexity to
the system. The Rio de la Plata front is characterized by
strong vertical stratification, freshwater flows seaward
on the surface while denser shelf water intrudes along
the bottom, producing a turbidity front (Acha et al.
2004). Over the shelf other thermohaline frontal zones
were described by Martinez and Ortega (2007) as well a
subsurface front, formed when Subantarctic Shelf Water
and Subtropical Shelf Water converge. This generates
the Subtropical Shelf Front that can be regarded as an
extension of the Malvinas-Brazil Confluence over the
shelf (ca. 33° S; Piola et al. 2000). Southward, close to
the Argentine continental shelf-break, a permanent
thermohaline front separates subantartic shelf waters
from the cooler and more saline waters of the Malvinas
current (Acha et al. 2004, 2015 for details).

The Uruguayan continental shelf is characterized
by a marked seasonality, with a predominance of cold
subantarctic water during austral winter and spring and
warm tropical and subtropical waters during austral
summer and autumn (Lima et al. 1996; Piola et al. 2000;
Ortega and Martinez 2007).

Sea surface temperature anomalies were derived
from Reynolds et al. (2002) (http://iridl.ldeo.columbia.
edu). An 8-day composite of sea surface temperature
with a 4 km resolution was obtained from the
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Moderate-Resolution  Imaging  Spectroradiometer
(MODIS-Aqua) satellite image and data was extracted
using the SeaDAS 7.2 software. Image and contour
maps were created using the Kriging method. In situ sea
temperature data was obtained by means of CTD casts
(SBE SECAT19v2) performed during a survey onboard
RV “Aldebaran” from DINARA (Uruguay). Only bottom
data from two CTD casts close the coast of La Paloma
were used as in situ temperature register for the zone
(27-28 November 2012).

Examined material (Figure 2A-D): MNHNM (code
CHRP001) (~45 cm in diameter, 07.xii.2012, 4%
formaldehyde solution, La Paloma, Uruguay); MNHNM
(code CHRP002) (~50 cm in diameter, 20.vii.2014, 4%
formaldehyde solution, La Paloma, Uruguay).

Brief description (following Morandini and Marques
2010): Umbrella diameter up to 100 cm (45-50 cm in
measured specimens), almost hemispherical. Exumbrel-
lar surface finely granulated; colouration varied, either
transparent-whitish with irregular distributed brown-
reddish streaks; or completely whitish (Figure 2A-B).
Mesoglea flexible, thicker centrally. Marginal lappets
wide (Figure 2C), squared, 3 per octant; all lappets of
similar size, rhopalar lappets not overlapping (“open
rhopalia” condition). Rhopalia 8, without ocelli, in deep
clefts; deep exumbrellar sensory pit. Tentacle clefts
similar in depth. Tentacles 24 (3 per octant), primary
tentacle central. Quadralinga present (Figure 2D). Sub-
genital ostia, small, rounded. Oral arms up to 3 times
longer than umbrellar diameter, V-shaped, delicate
and much convoluted, distal portion slightly spiraled.
Central stomach circular, marginal region limited by
insertion of radial septa. Stomach pouches 16, width
uniform centrally; tentacular pouches enlarged distally.
Radial septa thin; rounded at base; straight up to % of
margin, then making an “S” (first thinning tentacular
pouch, then enlarging it); ending near tentacular base
at rhopalar lappet. Gastric filaments present. Gonads
outlining gastric filaments, semicircular ring, greatly
folded; colour whitish.

The estimated distance between C. plocamia specimens
from Peru and Uruguay using the mitochondrial marker
16S is 0.003 for K2P and 0.003 for p-distance. Actually
the difference between obtained sequences is indeed
very low (only 3 bp from the 589bp recovered). The
genetic distance between the sequences obtained shows
that there is some correlation (exchange) between
populations. The estimated distance between C. plocamia
(Uruguay) and C. lactea (Uruguay) is 0.082 for K2P and
0.077 for p-distance.

Close to the date of the record in 2012 the presence
of cold bottom water (15.6-13.7°C) was observed in
front of La Paloma (data collected by RV Aldebaran
27-28 November 2012). Coastal upwelling was also
recorded (surface temperature <18°C); during that
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Figure 3. Sea surface temperature (SST) distribution during late spring, 2-9 December 2012 (A) highlighting the cold front offshore (full ellipse) and the

coastal upwelling (dashed ellipse) and location of the stranded specimens (La Paloma), (B) SST distribution during winter (20-27 July 2012).

period (Figure 3A). In addition, a dominance of negative
sea surface temperature anomalies over large parts of
the Argentine and Uruguayan continental margin were
observed (http://iridl.ldeo.columbia.edu), reinforcing
the presence of a cold water core offshore (Figure 3A).
During 2014, winter temperatures < 13°C, indicative of
the influence of cold Subantarctic Shelf Waters, were
recorded throughout the Uruguayan and Argentine
shelf (Figure 3B).

The distribution of large jellyfish is mainly related to
physical factors. These factors include: currents, swirls,
upwelling, and presence of islands, tides and ocean fronts
(Haury et al. 1978). Chrysaora plocamia can be found
across a range that encompasses two LMEs, Humboldt
Current Large Marine Ecosystem in the Pacific Ocean
and the Patagonian Large Marine Ecosystem in the
Atlantic Ocean. The records of C. plocamia in Uruguay
are especially relevant because the closest confirmed,
published record is from Golfo de San Matias, (Patagonia,
Argentina; ca. 42° S), ca. 1,100 km south) (Mianzan and
Cornelius 1999; Morandini and Marques 2010; Mianzan
et al. 2014). The Uruguay records were collected in late
spring 2012 and winter 2014, close to when, in 2012,
the presence of cold bottom water (15.6-13.7°C) was
observed off La Paloma (data collected by RV Aldebaran
27-28 November 2012).

The presence of this large, easy-to-detect species, on
the Uruguayan coast is exceptional, and there are no
records from La Paloma during at least the last 25 years
(M. Abreu, pers. obs; G. Fabiano, pers. com.). Although
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some exceptional and unverified historical records off the
coast of Uruguay and Buenos Aires province, Argentina,
(ca. 34-38° S; 50-300 m depth) may belong to this
species, extensive trawling for fisheries assessments
since 2005 failed to detect any large jellyfish (L. Ortega
and F. Scarabino obs. pers.). Thus, these occasional
records must be related with singular climatic and/or
oceanographicevents. Ocean temperatures have warmed
in most regions over the last century. Consistent with
the view that marine species are thermally constrained,
there is growing evidence that many marine species
have already undergone poleward range shifts in line
with warming trends (Cheung et al. 2013; Sen Gupta
2014). In fact, the increasing frequency of records of
species with tropical affinities in the Southwestern
Atlantic (Segura et al. 2009; Martinez et al. 2009)
agrees with the climate change scenario. In that sense,
the geographical distribution of species is delimited
by range edges by climate changes and the species has
been shown to respond to such modifications. Range
edges that advance into previously unoccupied habitat
(e.g., under global warming, habitat previously too cool
to accommodate a given species) are known as leading
range edges, whereas those that contract into habitat
currently occupied (under global warming, occupied
habitat that has come to exceed upper thermal limits
of the species in question) are known as trailing range
edges (Schoeman et al. 2014). So it is important to stress
that C. plocamia is associated with cold neritic waters
and its northern distribution limit is probably being
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constrained by ocean temperature and global warming.
This is particularly evident in the Atlantic where there is
a steep latitudinal thermal gradient in comparison with
the Humboldt system as well as a pronounced warming
trend in the coastal system (Zavialov et al. 1999; Ortega
et al. 2013). Thus, these occasional records could be
seen as the product of natural variability in the coastal
circulation or rare incidents.
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