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ABSTRACT. The scyphozoan Phyllorhiza punctata von Lendenfeld, 1884 (Mastigiidae), known only from Indo-
Pacific waters prior to the 1950s, is today found far from its original distribution, probably due to human
activities. First seen in 1955 in Brazilian waters, medusae were found in southern and southeastern coasts,
disappearing (at least as a medusa) in the early 1960’s. Another population was found in the late 1990%, in the
state of Bahia, and again in late 2001, many sightings were reported along the coasts of Parana and Santa
Catarina (25°20°S, 48°12’'W to 27°26°S, 48°22°'W). A large summer bloom, followed by decline and disappearance
in winter and spring, occurs every year since then. The reasons for this recent mass occurrence are unknown.
Despite few scattered records of the species in Brazil, it is probably widespread, occurring from the coast of
Ceara (3°43’S, 38°28’'W), in the northeast, to Santa Catarina, in the south.

KEY WORDS. Introduced species; jellyfish; population dynamics; seasonal.

RESUMO. Reaparecimento e sazonalidade da medusa Phyllorhiza punctata von Lendenfeld (Cnidaria, Scyphozoa,
Rhizostomeae) no sul do Brasil. A cifomedusa Phyllorhiza punctata von Lendenfeld, 1884 (Mastigiidae), conhecida
somente de aguas do Indo-Pacifico até a década de 1950, é encontrada atualmente em diversos locais longe de sua
distribuicdo original, provavelmente devido a atividades humanas. No Brasil, foi encontrada primeiramente em
1955 nas costas sul e sudeste, de onde desapareceu, ao menos no estagio de medusa, no inicio dos anos 1960. Uma
outra populacio de medusas apareceu na década de 1990 no litoral do Estado da Bahia e, desde o final de 2001,
reapareceram no litoral dos Estados do Parana e Santa Catarina (25°20’S, 48°12’W a 27°26’S, 48°22'W), onde tém
ocorrido em grande abundancia durante os meses de verdo. Durante o outono, segue um declinio da populacio,
até seu desaparecimento no inverno. As razbes desse recente aparecimento da espécie no Brasil sio desconhecidas,
entretanto, apesar dos poucos e esparsos registros, sua distribuicdo provavelmente ampliou-se por toda a costa,
ocorrendo desde o Ceara (3 °43’S, 38°28'W), na regido nordeste, até Santa Catarina, no sul do pais.
PALAVRAS-CHAVE. Agua-viva; dinimica populacional; espécie exotica; sazonalidade.

Cnidarians are among many marine groups whose dis-
tributions are changing due to human activities, with many
species being transported in ballast waters or attached to the
hulls of ships (Arat 1997). It is usually difficult to establish
whether the species is indeed invasive or cryptic, and deter-
mine when it arrived (RocHa 2002). These problems are espe-
cially difficult in poorly studied regions, such as the Brazilian
coast, and for poorly studied taxonomic groups as cnidarians.

The spotted jellyfish Phyllorhiza punctata von Lendenfeld,
1884 (Scyphozoa, Rhizostomeae, Mastigiidae) is a large and
colorful scyphomedusa, reaching up to 60 cm in diameter. It
was originally described from Port Jackson, eastern Australia
with an Indo-Pacific distribution (Maver 1910, RippINGALE & KELLY

1995). Since the 1950’s, reports of P. punctata interpreted as
invasions have been recorded around the world (review and
map in Grauam et al. 2003). Among invasive marine species, it
has a relatively well-documented history of invading tropical
and subtropical environments, although there is no direct evi-
dence of translocation routes, source populations, or mecha-
nisms by which translocation has occurred (Borron & Granam
2004). The last massive invasion of P. punctata described in lit-
erature occurred across the northern Gulf of Mexico, when an
estimated 10 million medusae occupied the Mississipi Sound
region (USA), in the summer of 2000, spreading into the coastal
and lagoon waters of east Florida coast in 2001 (GraHAM et al.
2003).
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Current theory suggests that the species was introduced to
Atlantic basin through the Panama Canal (Granawm et al. 2003,
Borton & Granam 2004), probably by scyphistomae attached to
ship hulls (Larson & ArnesoN 1990). However, scyphistoma have
never been found attached to ships (Arar 1997: 202). On the other
hand, transport by ballast-water could explain several invasions
of the species through the world, as suggested by CarLToN & GELLER
(1993) about the invasion of P. punctata to Californian waters.

The strong and characteristic coloration, together with
the big size attained and the habit of staying in the upper lay-
ers of the water column, due to the presence of zooxanthelae,
facilitate sightings and population monitoring of this species.
Nevertheless, it is poorly studied, and only three researches on
its life cycle and seasonal occurrence were found. Garcia (1990)
studied medusae in Laguna Joyuda, a tropical estuary in Puerto
Rico, providing the basic characterization of the growth dy-
namics and production of the species. In the Swan-Canning
estuary of western Australia, RieriNnGaLE & KLy (1995) related
the seasonal cycle of P. punctata to salinity, temperature and
photoperiod. Granam et al. (2003) in a rapid sampling program
in 2000 obtained ecological information on a large population
that invaded the northern Gulf of Mexico (USA).

In Brazilian waters, this jellyfish was first seen in the 1950’s
when medusae were abundant along the southeastern and south-
ern coasts (Morera 1961, described as Mastigias scintillae) and
this is the earliest published report of this medusa in the Atlantic
basin. The population, at least the medusae stage, disappeared a
few years later. More recently, an apparent well established popu-
lation of P. punctata was found in the northeastern state of Bahia
(Siverra & CorneLius 2000) and in late 2001, the species appeared
again in the coast of southeast (Sdo Sebastido Channel, Sdo Paulo
state) (FL. da Silveira & A.C. Morandini personal communica-
tion) and south (Paranéd and Santa Catarina states) regions.

Here we present some aspects of the biometry and devel-
opment of the medusa stage of P. punctata, and we discuss briefly
some possible mechanisms of its massive reappearance in south-
ern Brazilian waters, since 2001. This paper is also the first one
to present data on a scyphozoan seasonal occurrence and
growth along the Brazilian coast.

MATERIAL AND METHODS

Collections and observations were conducted on the coast
of the states of Parana and Santa Catarina, in southern Brazil
(25°20'S, 48°12'W to 26°08'’S, 48°38’'W). Despite the small coast-
line, the region includes three large estuarine regions,
Paranagud, Guaratuba and Sdo Francisco Bays.

The oceanographic characteristics of this region are
marked by strong seasonality on the patterns of water masses,
with the temperature showing high amplitude according to
the season (Castro-FiLHo et al. 1987). It is considered as coastal
subtropical (Borrovskoy et al. 1999) or warm temperate (Gis-
BoNs 1997). The climate is classified as Cfa following Koeppen,
with the coldest month between 3 to 18°C (BigarerrA 1978).

Observations and collections were made as follow: 1) from
a boat, individuals were caught with a 1 mm mesh hand net in
Paranaguéd Bay, between March and May 2002. Umbrelar di-
ameter and length of the largest oral arm without terminal
appendages were measured, after which they were returned to
the water (SosoLewski et al. 2004); 2) monthly observations, from
boats and docks, along the beaches of Pontal do Parana and
Guaratuba (Parand), and sporadically of Barra do Sul (Santa
Catarina), from December 2002 to March 2005; in these occa-
sions, the size classes of living medusae were visually estimated;
3) stranded medusae found by beach searches on foot, at the
same beaches and frequency as cited above in the second item,
between January 2003 and March 2005. The umbrelar diam-
eter of these stranded individuals was measured. 4) live medu-
sae were collected monthly, in the shallow platform (8 to 12
m) of Guaratuba, from February 2003 to December 2004, with
otter trawls 2 cm mesh size. These samples were taken to the
laboratory and preserved in 4% formaldehyde solution in sea-
water for later anatomical study. Umbrelar diameter and wet
weight were recorded prior to preservation.

Water surface temperature was taken during the boat
samples with a calibrated thermometer and varied between 12-
29.5°C during the studied period.

The diagnose of the species follows Maver 1910, Kramp
1961, Morera 1961 (as Mastigias scintillae), Cutress 1973, MiaNzaN
& CorneLUs 1999, Siveira & CorneLIus 2000, BorroN & GRAHAM
2004). Voucher specimens were deposited in the Museu de
Zoologia da Universidade de Sao Paulo (MZUSP-899, four small
exemplars).

RESULTS

A total of 340 individuals of Phyllorhiza punctata von
Lendenfeld, 1884 were identified based in its diagnostic char-
acters: “eight radial canals (four each, perradial and interra-
dial) arising from the cruciform central stomach and extend-
ing to the eight marginal sense-clubs. A wide ring-canal con-
nects the eight radial-canals. On its outer side the ring-canal
gives rise to fine-meshed network of vessels, that fuses with
the radial-canals, extending to the lappet zone. From its inner
sided the ring-canal a similar network of vessels originates that
connects with the central stomach and the four interradial ca-
nals. Oral arms are J-shaped and there are three window-like
openings in the lateral membrane. Living specimens are brown,
with conspicuous white spots” (Fig. 1).

Bell diameter varied from 2 to 470 mm. Oral arms length
varied from 10 to 320 mm. The relationship between both vari-
ables followed a linear pattern, with oral arms tending to be
nearly 66% of the bell diameter (Fig. 2). The relationship be-
tween the bell diameter and oral arms length keeps constant
in the different size classes. The wet weight ranged from 0.26
to 3882.2 g. The relative growth of the species is shown in the
figure 3, from where can be seen that the weight had a nega-
tive alometry in relation to the diameter.
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Figure 1. Live Phyllorhiza punctata photographed in situ. Photos by Leopoldo Gerhardinger.

The seasonal cycle

In southern Brazil, the scyphomedusae P. punctata reap-
pearance was first noted in late 2001. During the four years
surveyed (2002-200S5), this medusae showed an marked annual
cycle in the studied area, with a large summer bloom followed
by a decline and disappearance through late autumn. Small
medusae (< 20 mm) began to appear in January or February,
and were usually found until March. In January 2004, 10 very
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small medusae (2-5 mm) appeared in a plankton sample made
by other researchers in the same area. They grew very quickly
during six to eight weeks through March and April, when they
averaged 30-35 cm in diameter (Fig. 4). Some smaller individu-
als were collected also in May 2002 and 2003, but nor young
neither adult ones were seen during winter. Due to the more
sporadic sampling procedures realized in Barra do Sul (Santa
Catarina), these data were not included in the analysis, al-
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Figures 2-3. Morphometric patterns of P. punctata population from southern Brazil. 1. Relationship between the bell diameter and
length of the biggest oral arm, 2. Relationship between the bell diameter and wet weight (Diam) Bell biameter, (OA) oral arm, (WW) wet

weight.

though, the population seems to follow a very similar pattern
of both occurrence and size distribution.

DISCUSSION

Specimens were strongly pigmented with symbiotic
zooxanthelae, as in almost all populations described (MoRreira
1961, Cutress 1973, GaLiL ef al. 1990, Garcia 1990, Larson &
ARNESON 1990, RippINGALE & KeLLy 1995, Siveira & CorneLius 2000;
but see GraHaM et al. 2003, BortoN & GraHAM 2004).

We presented a basic characterization on biometric pat-
terns of P. punctata studied population, what we hope will be
useful for future comparisons with other populations, as well
for standing stock estimates from visual census, since these data
have not thus far been available in the literature. The b coeffi-
cient of the size-wet weight relationship falls within the range
reported to other scyphozoan species (Weisse & Gomoru 2000,
ButcHeR et al. 2001).

The seasonal cycle

The seasonal pattern of abundance and rapid growth rates
of P. punctata observed in the studied area were similar for other
populations of the species. Small (< 2 cm diameter) medusae
and ephyrae of a P. punctata population appeared in early sum-
mer, in the Swan-Canning estuary of Western Australia
(RieeiNGALE & KEeLry 1995). After six weeks, they reached 15 cm
in bell diameter, were able to reproduce sexually and already
produced planulae. Six to eight weeks was also the growth pe-

riod of the species observed in this study. The large bleached
population that invaded the northern Gulf of Mexico (USA), in
May 2000, had a bell diameter 50% larger than the average of
32 c¢m in early July, and around 12 August and through early
autumn they began to die (GraHaM et al. 2003). Summer maxi-
mum abundance and rapid growth of the species also occurred
in Laguna Joyuda, Puerto Rico (Garcia 1990). Unlike the popu-
lation of the studied area, that of Puerto Rico did not show
seasonality, with medusae of all sizes sampled at any time, ex-
cept in the winter months of January and February. This differ-
ence is possibly due to higher, year-long water temperatures
(24 to 32°C), typical of tropical coastal lagoons with shallow
waters (average depth of 1.5 m). Moremra (1961) commented
that the medusae “become conspicuous and very abundant
during summer months with young and mature individual oc-
curring together”. In this study, individuals of all sizes were
also observed from January to March, indicated by the high
range of the bars in the figure 4, suggesting a continuous pe-
riod of ephyrae release, which is coincident with a rise in the
water temperature and the photoperiod. In the laboratory cul-
tures of RirpiNGALE & KELLy (1995) the production of ephyrae did
not occur regularly, however during November 1993 and 1994
(mid Spring) they observed a simultaneous release of ephyrae.
A rise in water temperature from ~16 to ~24°C and a gradual
change in photoperiod occurred prior to this observation.
Natural populations of P. punctata scyphistomae were
never localized, despite the repeated efforts of RipriNGALE & KELLY
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Figure 4. Mean and range of bell diameter of P. punctata during the four years surveyed: 2002 — data from Paranagua Bay: March n = 31,
April n = 29, May n = 16. 2003 — mixed data from Guaratuba and Pontal do Sul: February n = 30, March/15 n = 25, March/27 n = 31,
April n =29, May n = 22. 2004 — mixed data from Guaratuba and Pontal do Sul: January n = 26, February n = 18, March n = 16, April
n =15. 2005 - mixed data from Guaratuba and Pontal do Sul: February/07 n = 19, February/18 n = 14, March n = 15, April n = 15).

(1995) to locate them. These authors hypothesize, from labo-
ratory experiments, that the polyps probably are located in-
side the estuaries and survive the winter, in low salinity (< 10)
and low water temperatures (< 20°C) of the upper 5 m of the
water column. These results may explain the very similar sea-
sonal cycle observed in the population studied here, in the
southern Brazilian coast, where the temperature variations are
similar with that of south Australia. Also, large estuaries nearby
could shelter the population of scyphistoma or other resting
stages that probably overwinter, since medusae were absent
during winter-spring months.

The very small medusae obtained in early summer also
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point to the presence of scyphistomae populations in Parana
and Santa Catarina regions, with the whole life cycle of the
species occurring in the area. In April 2001, and in January
and February 2002, ephyrae have also been collected in
Cananéia, Sao Paulo (TroNOLONE et al. 2002).

Smaller individuals caught in late May probably were
senescent. Autumn senescence was reported in P. punctata in
Laguna Joyuda. Starvation, parasitism, predation and genetic
determination have been proposed as potential causes for the
population decline of scyphomedusae (Garcia 1990, Arat 1997).

In some specimens sexed males and females were observed.
This is different of other populations that seemed to be com-
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posed exclusively of males (Morera 1961, GraHawm et al. 2003).

The distribution of P. punctata in Brazil

The first Brazilian population recorded was briefly very
abundant on the coast of Rio de Janeiro, Sdo Paulo and Parana,
in the 1950’s (Morera 1961), but disappeared a few years later
at least at the medusae stage. Marine biologists and local fish-
ermen working on the coast of Parané since the early 1960's
never encountered this large and conspicuous species (J. de
Loyola e Silva personal communication). More recently, an-
other population of P. punctata was reported more northern, at
Todos os Santos Bay, in the state of Bahia, apparently there
since 1991 (Siveira & CorneLius 2000). Further north, medusae
have been seen since 2003 in Fortaleza, state of Ceara (M.O.
Soares personal communication) (Fig. 5).

In southern and southeastern Brazil, P. punctata medu-
sae reappeared abundantly in late 2001. They have been seen
from Sao Sebastido (23°50’S, 45°26’W), in Sao Paulo state (F.L.
da Silveira & A.C. Morandini, personal communication), and
as far south as Florianopolis (27°26S, 48°22’W), in Santa Cata-
rina state. Aside from the large conspicuous medusae seen by
local people, several small (< 20 mm in diameter) specimens
collected indicate that the species became established in the
area.

It is not known whether this recent appearance of P.
punctata in southern Brazil is the result of a new regional or
international invasion, a natural range expansion of the Bahia
population to the south, or only a mass occurrence of a possible
cryptic population that has been maintained. A new introduc-
tion is possible due to the great ship traffic in the harbors of
Santos and Paranagud. Introduction does not guarantee survival
for a species in a new environment. To maintain populations,
organisms must be able to feed and reproduce. Endosymbiotic
zooxanthelae present in P. punctata may play an important role
in the nutrition of this species (Garcia & Dursin 1993) and surely
may facilitate the establishment of this medusa in new places.
By the other hand, some scyphozoan species may have huge
blooms interposed by very long periods with inactive polyps
(e.g. Goy et al. 1989), depending on the conditions of the envi-
ronment. Scyphistoma of P. punctata lived longer than 12 months
(RieeiNGaLE & Kerry 1995), so persistent populations of this or
other resting stages could have been cryptic without, or with a
very low and undetectable production of medusae. Although
details of seawater temperatures in the studied area are unavail-
able, abnormally hot whether could had facilitate local adapta-
tion and mass occurrence of this tropical jellyfish during the
past four years.

These new occurrences in southern and in far northeast-
ern Brazil might suggest that the distribution of the species
along Brazilian coast is expanding, with populations spread-
ing along the entire Brazilian coast (Fig. 5). The hypothetic
route could be tested with comparative morphological studies,
as performed by Borton & Granam (2004) for other populations,
or with molecular analysis (e.g. isoenzimes).
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Figure 5. Map showing recent known distribution of P. punctata

along Brazilian coast.

FINAL CONSIDERATIONS

The species causes a strong negative influence on shrimp
fisheries in the Gulf of Mexico clogging and bursting the nets,
with ~10 millions of dollars of economic losses (GraHAM et al.
2003). The south Brazilian population have not been abun-
dantly caught by shrimp fisheries, and are not clogging nets
here, since the species occurs more abundantly near the sur-
face. An indirect impact by predation of zooplankton has also
been related (GranaMm et al. 2003) and is an important aspect to
be clarified in future studies of this population.

Despite few scattered records of P. punctata in Brazil, it is
probably occurring along the entire coast, from Ceara (3°43’S,
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38°28’'W) to Floriandpolis (27°26'S, 48°22'W). It is not possible
to determine the cause of this recent bloom occurrence of P.
punctata medusae in Southern Brazil, but apparently the popu-
lation is well established, with young and adult medusae being
abundantly observed during the summer since the past four years.
Only continuous monitoring of the population, with observa-
tions of all stages of the life cycle, will help in understanding
the factors that lead to this recent mass occurrence of P. punctata
and evaluate its impact on other populations in the studied area.
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