ZOOLOGIA 27 (3): 377-386, June, 2010
doi: 10.1590/51984-46702010000300009

Seasonal variation of macromedusae (Cnidaria) at North Bay,
Florianépolis, southern Brazil

Miodeli Nogueira Junior; Renato Mitsuo Nagata & Maria Angélica Haddad

Programa de Pés Graduacdo em Zoologia, Departamento de Zoologia, Universidade Federal do Parand. Centro Politécnico,

Caixa Postal 19020, 81531-980 Curitiba, Parand, Brazil.

E-mail: miodeli@gmail.com; mahaddad@ufpr.br; renatonagata@gmail.com

ABSTRACT. Seasonal variation of large medusae abundance and biomass was studied in the North Bay, Santa Catarina,
southern Brazil (27°30S, 48° 32'W), from February to December 2005. Collecting was conducted seasonally with the
help of fishing bottom trawl in 30-minute sections (12 in summer, 18 in each of the remaining seasons) in six stations,
totaling 66 samples. Eight species were found: the hydrozoans Aequorea sp., Olindias sambaquiensis Miiller, 1861, and
Rhacostoma atlantica L. Agassiz, 1850; the cubozoans Chiropsalmus quadrumanus (Miiller, 1859) and Tamoya haplonema
Miiller, 1859, and the scyphozoans Aurelia sp., Chrysaora lactea Eschscholtz, 1829 and Lychnorhiza lucerna Haeckel,
1880. Capture rates were low, up to 38 indiv. ha, and only ~47% of the samples were positive for jellyfish, comprising
206 individuals. Medusae abundance and species richness clearly changed from one season to another, but did not vary
between the sites. Higher species richness (7 out of 8) and greater abundances were recorded during the fall (~60% and
72% of all medusae individuals and biomass respectively). Specific frequency of capture varied from 1.5 to 29% and C.
lactea was the only species found in more than 25% of the samples. The three most common species dominated in
different periods of the year: C. lactea during fall (78% of individuals and 60% of biomass), R. atlantica during winter
(90% of individuals and 17% of biomass), and O. sambaquiensis in spring (78% of individuals and 40% of biomass).
Only two individuals were caught during summer, one C. lactea and one R. atlantica. The results offer a general picture
of the distribution of the macromedusae in the North Bay, but a continuous monitoring is desirable for a more detailed

knowledge on the jellyfish dynamics in the Brazilian coastal waters.
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While most medusae are very small (< 1 cm), some spe-
cies of Hydrozoa and most species of Cubozoa and Scyphozoa
are much larger and may attain several centimeters in diam-
eter (Happap 2002). Despite their large size, conspicuous col-
oration and abundance in coastal waters, macromedusae have
been surprisingly overlooked in quantitative studies and con-
sidered to be of little ecological importance (e.g. Borrovskoy
1981: fig. 141, p. 256) until a few decades ago (see Habpock
2004). More recently, however, macromedusae have received
increasing attention from researchers who realized that these
organisms play a crucial role in marine ecosystems and may
often be dominant in terms of biomass (e.g. SCHNEIDER & BEHRENDS
1994, Mianzan & Guerrero 2000). Very large aggregations are
not uncommon (e.g. Kawanara et al. 2006) and may have ad-
verse consequences for a variety of human activities, especially
commercial fishing (see NaGara et al. 2009). In addition to clog-
ging nets and stinging fishermen, these jellyfish may have large
negative impacts on zooplankton (e.g. SCHNEIDER & BEHRENDS
1994), fish eggs and larvae (see PurcerL & Arar 2001).

Large medusae are amongst the least studied marine zoop-
lankton. In Brazil, as in most of South America, research on
these animals is still incipient (Lores 2007). The population
biology of some common Brazilian coastal jellyfishes, for ex-
ample, has been recently addressed by André C. Morandini
(unpubl. data) and by Happbap & Noguera Jr (2006). Among
the unique records from the shallow waters of the state of Santa
Catarina, we highlight those of the German naturalist Fritz
Miiller (e.g. MULLER, 1859), who described jellyfishes between
1859 and 1883 (see Corria 1966).

The North Bay is limited by the Santa Catarina Island to
the east and the mainland to the west (Fig. 1). The bay in-
cludes many mangrove areas and has recently become a major
sea-farming site providing important income for a community
of oysters and mussels growers. Jellyfish are often a nuisance
for both human leisure activities and shellfish cultivation.

The last few years have seen growing public awareness
and an increase in reported sting events (e.g. ResgarLa Jr et al.
2005, Neves et al. 2007), leading to growing media publicity. In
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spite of that, the species of macromedusae in most areas of the
Brazilian coast are still unknown. As part of an ongoing study
of the jellyfish of southern Brazil (HapbpAp & NoGUEIRaA Jr 2006,
Nogutra Jr & Happap 2006a, 2008, Nagata et al. 2009), we have
identified the dominant species in the North Bay and estimated
their seasonal distribution and abundance in 2005, based on
bottom trawl samples. Currently, unprecedented population
explosions are being recorded worldwide (e.g. MiLLs 2001,
Kawanara et al. 2006), which may be an indication that major
changes in marine ecosystems (Parsons & Larur 2002) are tak-
ing place, requiring a continuous estimation of jellyfish abun-
dances over space and time. Within this context, the data pre-
sented here can provide important baseline information that
is largely absent from the historical literature of most of the
South American coastline (but see Mianzan 1989a).

MATERIAL AND METHODS

Two bays connected by a narrow channel and appropri-
ately named North and South Bay exist between the Santa
Catarina Island and the mainland (Fig. 1). Several rivers from
the Serra do Mar mountain range flow into the bays in small
estuaries with mangroves, salt marshes, and sandy beaches. The
regional climate is subtropical humid with no characteristic
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“dry” season but with less rainfall from April to September (Cruz
1998). The depth in the North Bay generally varies from 0-6 m,
reaching a maximum of 21 m in the canal. The northern end
of the bay, with the marine Coastal Water as the dominant
water mass (Martsuura 1986, Cruz 1998) is very wide (~5 km)
and has strong shelf influence. Winds and tidal bore are the
main physical agents influencing local hydrographic condi-
tions. Locally, micro-tides are asymmetrical in terms of flow
between the north and south bay entrances, with the antinode
in the middle of the South Bay (MkLo et al. 1997).

Sampling was carried out from February to December 2005,
at six locations in the North Bay (27°30’S, 48°32'W, Fig. 1) as
follow: Summer (17 Feb, 5 Mar), Fall (7 May, 28 May and 4 Jun),
Winter (6 Aug, 12 Aug and 3 Sept) and Spring (22 Nov, 28 Nov
and 3 Dec), totaling 66 hauls. Medusae were collected at all six
locations by 30-minute shrimp bottom trawls from a small fish-
ing vessel. Sub superficial (~1.5-2.0 m) sea water temperature and
salinity were measured at the time the samples were taken with a
Horiba U-10 multi-parameter water quality meter. Nets were 8.6
x 1.8 m, with 2.5 cm mesh size at the cod-end and 4.0 cm at the
mouth. The netting route was recorded, from which the area in-
cluded in the netting was estimated and varied from 6626 to 15605
m? (mean + 95% CI, 10643 + 371.4). Medusae density was then
estimated as the number of individuals per hectare (n ha').

-27°30'

Atlantic
Ocean

-27°45'
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Figure 1. Map showing in detail the North Bay , with letters A through F indicating sampling stations.
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Medusae were sorted on the boat and preserved in 4%
formaldehyde solution in local seawater. In the laboratory,
medusae were identified and the umbrellar diameter was mea-
sured. Exumbrellar height of the cubomedusans was also mea-
sured as the distance between the apex of the exumbrella and
its marginal junction with velarium. Reference material is de-
posited in the Cnidaria Collection, Department of Zoology of
the Federal University of Parand (Dzoo-Cn - 228 to 234).

Biomass (wet weight) was estimated from the measure-
ments, following equations given by NoGuEira Jr & Happap (2006b)
for each species: W = 0.087 H?%22 — Tamoya haplonema Miiller,
1859; W =0.1152 D28 — Chiropsalmus quadrumanus (Miller, 1859);
W =0.07 D328 — Chrysaora lactea Eschscholtz, 1829; W = 0.1266
D29 — Lychnorhiza lucerna Haeckel, 1880; W =0.1506 D*37 —
Olindias sambaquiensis Miiller, 1861. Where W is wet weight (g),
D is umbrella diameter (cm), H is umbrella height (cm) and the
exponent was calculated previously by regression.

Similarly, Rhacostoma atlantica L. Agassiz, 1850 biomass
was calculated as W = 0.4014 D*%12%, This regression was based
on measurements of 26 fresh caught individuals in the State of
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Parana coast and diameter explained 90% of the variation in
biomass (1> = 0.9035). As no equation of diameter-weight con-
version was found for south Atlantic populations of Aurelia spp.,
specimens fixed for 20 days were weighted after washing and
removing excess of water with blotting paper.

Seasonal and spatial changes in the number of species
hauled were tested with analysis of variance (ANOVA), after ap-
plication of normal probability and variance homogeneity tests
(SoxaL & RonLr 1995) and significance was considered p < 0.05.

RESULTS

All environmental variables differed between seasons (Figs
2 and 3): water temperature varied from 17.5 to 26.0°C (Sum-
mer mean = 25.6°C, Winter mean = 19.5°C); salinity was low-
est during winter (29.3-35.6%o) and varied little from 35%o in
other seasons, with a maximum of 37.8%o in the fall. Tem-
perature and salinity did not change among stations, regard-
less of whether the entire data set was analyzed as a whole
(Figs 4 and 5), or separated by seasons (not shown).
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Figures 2-5. Seasonal (2, 3) and spatial (4, 5) variation of sea water surface temperature (2, 4) and salinity (3, 5) in the North Bay, from

February to December 2005.

ZOOLOGIA 27 (3): 377-386, June, 2010



380

M. Nogueira Janior et al.

Medusae were gathered in 47% of the samples, compris-
ing 206 individuals of eight species: three Hydrozoa, two Cubozoa
and three Scyphozoa (Tab. I). Frequency of capture was low for
all species: 1-29% of the hauls. Only the scyphomedusa C. lactea
(Pelagiidae) was collected in > 25% of the samples. This species,
along with the hydromedusae R. atlantica (Aequoreidae) and O.
sambaquiensis (Olindiidae) comprised 88% of all jellyfish col-
lected. Chrysaora lactea also accounted for the greatest medusae
biomass (45.5%), followed by L. lucerna (Lychnorhizidae, 27%)
and Aurelia sp. (Ulmaridae, 11%), both less numerous but with
very large individuals (Tab. I).

Mean sizes and ranges of all jellyfishes are shown in table
I and histograms of size classes for each species were plotted per
sample day (Fig. 6). Despite the relatively few captures by size
class of each species, size classes changed over time. For example,
in March, only one young (35 mm) C. lactea specimen was cap-
tured, while two months later, most of the individuals were larger
than 60 mm in diameter, with voluminous, mature gonads. From
the first to the second spring samples, the size of O. sambaquiensis
changed from 31-40 mm to the 41-50 mm, indicating a ~28%
increase in bell diameter in a few days. Modal sizes of R. atlantica
also changed during winter (Fig. 6).

The number of species was low (0-3) in all samples, with
the highest species richness in fall (ANOVA, F(3, 62) = 6.2,
p < 0.05, Fig. 7), when seven out of the eight species were col-
lected (Aequorea sp. — appeared only in winter). Species rich-
ness was independent from collecting location (ANOVA, F(S5,
60) = 1.1, p = 0.35, Fig. 8).

Medusae abundance and species richness clearly changed
from one season to another (Figs 7-12). The greatest number of
captures was in fall, when jellyfishes appeared in 67% of the
samples, representing ~60% of the individuals and 72% of the
total biomass. Also during fall, density varied from ~2 to 15
individuals ha' and ~60-995 g ha'!, with one sample reaching
the maximum of 38 individuals ha!or 1515 g ha' (Fig. 9).
Chrysaora lactea, captured in 61% of the fall samples, and cor-
responding to ~78% of the individuals and ~60% of the biom-
ass, was the dominant species. Most medusae collected in win-
ter were caught on August 12 (<1-6.5 indiv ha”, Figs 9 and 11).
In winter, R. atlantica totalized >90% of the individuals but
only ~17% of the biomass (Fig. 12). Biomass was dominated
(~78%) by a few large (20-23 cm) L. lucerna taken at a single
station (~1 indiv ha' or ~1300 g ha'). Spring captures were
abundant at only stations A and B, with 14-15 indiv. ha'! (Fig.

Table I. Classification and species list of the macromedusae found in North Bay, Florianépolis, Brazil, during 2005. (FO) Frequency of
occurrence (%) in 66 samples, (N) number of specimens. Sizes are the range or the values for species with few individuals, mean value

and 95% confidence interval are in parenthesis.

Taxa FO (%) N Biomass (%) Size (mm)
Diameter Height
Hydrozoa
Aequoreidae
Aequorea sp. 1.51 2 0.07 15 and 33
Rhacostoma atlantica 16.67 41 4.05 15-57 (42 £ 2)
Olindiidae
Olindias sambaquiensis 15.15 36 2.56 25-70 (43 £ 3.8)
Cubozoa
Carybdeidae
Tamoya haplonema 6.06 9 7.37 30-95 (71 £ 18) 35-140 (94 + 23)
Chirodropidae
Chiropsalmus quadrumanus 1.51 1 1.22 107 76
Scyphozoa
Ulmaridae
Aurelia sp. 1.51 3 11.4 165,170 and 170
Pelagiidae
Chrysaora lactea 28.79 104 45.56 20-125 (69 + 4.6)
Lychnorhizidae
Lychnorhiza lucerna 12.12 10 27.76 26-230 (90 + 39)
Total 46.97 206 7714.84 g
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Figure 6. Size (umbrellar diameter or height) distribution of macromedusae from North Bay during 2005.

9), at which time the hydromedusa O. sambaquiensis was domi-
nant (77% of individuals and 40% of biomass, Fig. 11). During
summer, two trawls included one medusa each, C. lactea and
R. atlantica.

DISCUSSION

The assemblage of large medusae in the North Bay is rela-
tively species rich, with the presence of most species commonly
found in southern and southeastern Brazilian coastal waters

ZOOLOGIA 27 (3): 377-386, June, 2010



382

M. Nogueira Janior et al.

2,0+

1,5+

1,0+

Number of species/haul

0,5+

!

1

Summer Fall Winter Spring

2,51

2,0r

Number of species/haul

7 A B C D E F 8

Figures 7-8. Mean seasonal (7) and spatial (8) variation in the number of species of macromedusae per sample in the North Bay during
2005. Circles are mean values and bars indicate the 95% confidence interval.

16+ 391 °
141 37
12 By e
-, -, 144
£ 1 £12 [ X)
;§ 8 ;§107
£ 54 £ 84 ° ° °
44 51
44 °®
21 o o 24 ° ° °
0- ol
Feb 17 Mar 5 May 7 May 28 Jun 4
Summer Fall
16, 16
14 . ° 144
124 12
& 104 109
< <
s 8 3z 8
2 6] ° 26 ®eo® °
4 4 .
°
2 . ° 2. . o
ol ° ° ol
Nov 22 Nov 28 Dec 3 Aug 6 Aug 12 Sep 3
Spring Winter

Figure 9. Temporal distribution of estimated macromedusae den-
sity in North Bay during 2005.

120 -

100 - (] Summer (12)
80 1 M Fail (18)
60 ] Winter (18)
40 [ spring (18)
20 A

O p
> 2 3 R R
Y C Q N % B N
R N S I A N
4 o i N °
& & N ) 2
&
O.

Figure 10. Seasonal variation in frequency of capture (%) for each
jellyfish species in North Bay during 2005. Number in parenthesis
are the number of trawls performed on each season.

ZOOLOGIA 27 (3): 377-386, June, 2010

70

0O Others

60 1 W T haplonema
» 3 L. lucerna
© 90 4 ) )
3 B O. sambagquiensis
= 40 | )
] B R. atlantica
G 30 4 O C. lactea
5]
Qo
€ 20 1
=
z

10 4

0 +E= T T

34
S 2
=3
[
(2]
©
£
k=]
@ 4]

0 - om

March 3 May 7 May 20 Jun4 Aug6 Aug 12 Sep3 Nov 22 Nov28 Dec3

Sample day
Figures 11-12. Contribution of each species to jellyfish abundance
(11) and biomass (12), per sample day at North Bay during 2005.

(Vannucar 1951, 1954, Sivera & CorneLius 2000, MORANDINI ef
al. 2005, NoGueira Jr & Happap 2006a). Of the large medusae
reported by Fritz Miiller (MULLER 1859, 1883, see Corria 1966),
the scyphozoan Drymonema dalmatinum Haeckel, 1880
(Cyaneidae) was the only species not recorded by us. While
there is a known resident population off the coast of Argentina
(Mianzan 1989a, b), this species is rarely found in Brazilian
waters (MoranDiNt et al. 2005).
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The dominant jellyfish in the North Bay was C. lactea,
one of the most common and abundant Scyphozoa in the Bra-
zilian coastal waters (Siveira & Cornirius 2000). This species
occurred throughout the year (with the majority collected in
fall), comprising 45% of the biomass and 50% of the individu-
als sampled in the North Bay. Jellyfishes of Chrysaora Péron &
Lesueur, 1810 are important and often abundant components
of coastal systems, including C. quinquecirrha (Desor, 1848) in
the Chesapeake Bay (USA) (Carco & SchHurrz 1966, Carco &
Kmng 1990) and Gulf of Mexico (Granam 2001), C. lactea in Bra-
zil (MoranDINI et al. 2005, NocGUtra JrR & Happap 2006a, this
study), C. hysoscella (Linnaeus, 1767) in Great Britain (RusseLL
1970) and Namibia (BuecHtr ef al. 2001) and C. plocamia (Les-
son, 1830) in northern Chile (Vica & OgaLpe 2008).

Other seasonally abundant species in the North Bay are
the hydromedusae O. sambaquiensis and R. atlantica. The former
is found from Sao Paulo to Argentina; it is well-known for caus-
ing skin irritation and is often very abundant (Vax~ucct 1951,
ZaMPONI & FacaL 1987, MiaNzaN & GUERRERO 2000, NAGATA et al.
2009). The latter (R. atlantica), noted since the 1970s (MOREIRA
1975) in the southwestern Atlantic Ocean, was recorded in Sdao
Paulo and southern coastal Brazil (Navas-Pereira 1981, Goy 1979,
Nogueira Jr & Happap 2006a). The species is also found in large
numbers stranded on some beaches of Florianépolis (Nogueira
Jr pers. obs.) and may dominate macroplanktonic biomass dur-
ing the Spring-Summer coastal upwelling near Cape Santa Marta
Grande, Santa Catarina (MianzaN & Guerrero 2000). Apparently,
its abundance is associated with surface water temperatures of
20-21°C, which is near the mean winter temperature in our
study area (19.5°C), when most individuals were captured.

Tamoya haplonema, one of the least abundant species in
this study, is considered rare along the Brazilian coast (MORANDINI
et al. 2005). Nonetheless, in the fall, this species was one of the
most frequently caught, being present in 25% of the samples
and comprising 10% of the macromedusae abundance (both
in number and biomass). While not abundant, it is recurrently
found in coastal waters in the southwestern Atlantic, mostly
during summer and fall, often causing accidents with swim-
mers and fishermen (MuLLER 1859, CorrEa 1966, PastoriNo 2001,
Happabp Jr et al. 2002, 2005, MoraNDINI et al. 2005, NOGUEIRA JrR &
Happap 2006a, 2008, Nagarta et al. 2009).

The scarcity of C. quadrumanus and particularly of L.
lucerna is worth mentioning, since these jellyfishes are usually
common and abundant in coastal waters of southeastern and
southern Brazil (Vannucct 1954, MoranDINI et al. 2005, NaGata
et al. 2009). The two specimens of Aequorea Perén & Lesueur,
1810 were not identified to species level because their umbrellar
margin was damaged and few intact radial canals remained.
However, the shape of the few lasting tentacular bulbs and the
absence of excretory pores on them are as in A. forskalea Péron
& Lesueur, 1810 (BouiLLon 1999), the only species of the genus
recorded in Brazil (Micotro et al. 2002). The individuals of
Aurelia Péron & Lesueur, 1810 were also not determined to spe-

cies due to the current taxonomic confusion in the genus (see
Moranpint et al. 2005). The medusae of these two genera are
seldom reported from Brazil and are also rare in the North Bay.

The seasonal variability observed in the environmental
data is typical of the region, which is strongly affected by the
annual temperature cycle (Cruz 1998, Castro et al. 2005).The
absence of spatial differences in environmental variables re-
flects the dynamism of the waters within the bay that result
from the tidal circulation patterns (MtLo et al. 1997). This is
consistent with the abundance patterns observed for the most
common jellyfish species, C. lactea, O. sambaquiensis and R.
atlantica, which show clear temporal separation. The latter is
more common during winter, whereas the remaining ones are
more abundant during fall (mostly C. lactea) and spring (mostly
0. sambaquiensis). While relatively well known worldwide (e.g.
Arar 1997), large jellyfish seasonality is poorly understood in
Brazil as a result of the scarcity of studies on the subject. Simi-
lar to what has been observed in the present study, MoRErA
(1975) noted that R. atlantica is common mainly during winter
in the coast of Sdo Paulo. In the same region, Vannuccr (1951)
reported O. sambaquiensis throughout the year but mostly dur-
ing winter, and André C. Morandini (unpubl. data), observed
that C. lactea was more abundant between late winter and early
spring. Both results contrast with our data for the North Bay.
The dominance of a species in at least two of the three sampled
dates at each season (summer except) denote consistency in
the seasonal pattern observed in this study.

Abundance in general was low, with more than half of
the hauls retrieved without a single medusa. With the excep-
tion of C. lactea, medusae captures seemed accidental (using the
criteria of < 25% of capture frequency following Dajoz 1972).
The low frequency of capture in our data contrasts with other
studies that used the same technique in adjacent regions
(Vannucar 1951, 1954, Branco & VErant 2006, NOGUEIRA JrR &
Happap 2006a) and may suggest that medusae form occasional
aggregations in the North Bay, probably carried by tidal and/or
wind driven advection from external adjacent shelf waters. Even
though we do not have adequate oceanographic data to evalu-
ate the role of advection, the following factors may support our
hypothesis: 1) the low residence time of waters inside North Bay
due to tidal-induced circulation (Mkro et al. 1997); 2) the high
influence of adjacent shelf waters (Cruz 1998), confirmed by
the relatively high values of salinities obtained (usually = 34%o).

Estimates of abundance and biomass are indirect meth-
ods to examine productivity (Omor! & Ikepa 1984) and can pro-
vide important information for the generation of trophic mod-
els. The quantification of large medusae is a notoriously diffi-
cult task for a variety of reasons, including their soft structure
and large sizes. Additionally, capture in standard plankton nets
is also a problem due to the small volume of water that passes
through the nets (e.g. Hamner ef al. 1975, Mianzan & CORNELIUS
1999) and the fact that jellyfish often concentrate in scattered
parts of the sampling area. To overcome these difficulties, a
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variety of methods have been used, including large pelagic nets
(Hay et al. 1990, Pagts et al. 1996, Mianzan & GUERRERO 2000,
SuchumanN & Bropeur 2005), individual counts in situ in scuba
diving (Zavopnik 1987, MaLg) 1989), submersibles (e.g. VINOGRADV
et al. 1985, VErEsHCHAKA & VINOGRADOV 1999), underwater vid-
eos (Awvarez Coromso et al. 2009), surface counts (GOMEZ-AGUIRRE
1980, Prrr & Kingsrorp 2003, Dovte et al. 2007), aerial photog-
raphy (GraHaum et al. 2003), acoustic (Avarez CoLomso et al. 2003,
2009) and demersal fishing gears (Brobeur et al. 1999, 2002,
GraHaM 2001), used opportunistically in this study to take ad-
vantage of material collected by other researchers.

Even though the estimates of density and biomass are
coarse (see Brobeur ef al. 2002) and a relatively small number
of organisms were captured in the present study, the sampling
effort and design generated data that indeed shows trends in
the macromedusae populations of the North Bay. In summary,
the jellyfish community in the North Bay has greater species
richness and abundance during the fall when C. lactea is domi-
nant. In winter, R. atlantica dominates, though with lower abun-
dance, followed by O. sambaquiensis during the spring. Con-
sidering the tremendous annual variation that is common
among marine invertebrates in general, and for macromedusae
specifically, we recommend continuous population monitor-
ing over larger temporal and spatial scales to better understand
the population dynamics and ecosystem influences of
macromedusae in Brazilian coastal waters.
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