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Abstract The study of ‘‘jellyfish blooms’’ provides

important data toward determining the causes and

consequences of these phenomena; however, the

definition of ‘‘bloom’’ remains controversial and

different concepts have been adopted in recent works.

By addressing the biological and convenience defini-

tions, this study tested the adequacy of the different

concepts of ‘‘blooms’’ for the Class Staurozoa (Cni-

daria). From seasonal monitoring data of some species

of Staurozoa, we concluded that stauromedusae bloom

if we used the biological concept of ‘‘bloom’’, which

considers the life cycle and resulting changes in the

abundances of these animals. By contrast, the small,

benthic, inconspicuous, and non-harmful stauromedu-

sae do not bloom if we use the convenience concept of

‘‘bloom’’, which constrains the events to those that

humans can observe and that cause damage to human

activities. In other words, the same group of organisms

either is or is not capable of blooming depending on

which concept of ‘‘bloom’’ is used. In fact, previous

literature has suggested that Staurozoa could not

bloom, which indicates that the study of ‘‘jellyfish

blooms’’ can be biased, considering convenience

rather than biological reasoning.

Keywords Stauromedusae � Seasonality �
Life cycle � Evolution

Introduction

Increases in the abundance of medusae are a phenomena

of great interest, especially because of the negative impacts

on ecosystem dynamics (Morandini & Marques, 2010)

and human activities, such as fisheries, tourism, mari-

culture, and power production (Purcell et al., 2007).

Several studies on ‘‘jellyfish blooms’’ (regarding only

the medusoid stages of Phylum Cnidaria) have been

carried out using different approaches, all contributing

to a better understanding of the ‘‘bloom’’ phenomenon.

Such studies have focused on methods of detection

(Houghton et al., 2006; Bayha & Graham, 2009;

Straehler-Pohl & Jarms, 2010), importance of different

life stages (Purcell, 2007; Boero et al., 2008; Willcox

et al., 2008; Arai, 2009; Bayha & Graham, 2009; Hoover

& Purcell, 2009; Straehler-Pohl & Jarms, 2010),

influence of climate (Dawson et al., 2001; Mills, 2001;

Parsons & Lalli, 2002; Purcell, 2005; Hong et al., 2008),

anthropogenic causes and subsequent consequences to
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the economy (Dawson et al., 2001; Purcell et al., 2007;

Hong et al., 2008; Mariottini et al., 2008; Richardson

et al., 2009), ecological (Pitt et al., 2009), and evolu-

tionary (Dawson & Hamner, 2009; Hamner & Dawson,

2009) aspects of ‘‘blooms’’.

Despite the importance of these studies, the concept

of ‘‘bloom’’ remains controversial (Table 1). Some

even dispute the term ‘‘bloom’’, which is taken from

plant ecology where it is applied to the flourishing

appearance and high densities of plants, algae, and

general phytoplankton in the marine environment

(Smayda, 1997). The animal equivalent would be the

term ‘‘outbreak’’, considered by some to be more

appropriate to describe ‘‘…exceptional abundances

(usually sudden and monospecific) of zooplankton,

which can be seasonal or non-seasonal’’ (CIESM,

2001). Recently, an interesting perception of ‘‘bloom’’

emerged in the literature: the concept of ‘‘true bloom’’

and ‘‘apparent bloom’’ (Graham et al., 2001), later

incorporated into evolutionary studies (Dawson &

Hamner, 2009; Hamner & Dawson, 2009). In the ‘‘true

bloom’’, there is a rapid population growth due to

reproduction, and in the ‘‘apparent bloom’’, a stable

population is re-distributed or re-dispersed as a

consequence of physical, chemical, or behavioral

factors (Graham et al., 2001). Thus, the term ‘‘jellyfish

bloom’’ is common in the jellyfish literature (Table 1)

and also accepted (CIESM, 2001); therefore, we will

use both terms synonymously.

The study of ‘‘blooms’’ is often hampered by the

need for appropriate methods of sampling and long-

term monitoring (Genzano et al., 2008; Kogovšek

et al., 2010). In addition, it is important to consider the

different stages of the life cycle, such as benthic

polyps, since they are crucial to understanding

‘‘bloom’’ dynamics (Purcell, 2007; Willcox et al.,

2008; Bayha & Graham, 2009; Dawson & Hamner,

2009; Hoover & Purcell, 2009). Because ‘‘blooms’’ of

Table 1 Compilation of definitions of ‘‘bloom’’/‘‘outbreak’’ published during the last decade

References Remarks

CIESM (2001) ‘‘Bloom’’ synonymous with ‘‘outbreak’’, including ‘‘abnormal’’ and ‘‘normal (seasonal) blooms’’

Benović & Lučić (2001) ‘‘Bloom’’ as an abnormal event

Graham et al. (2001) Differences between ‘‘apparent bloom’’ and ‘‘true bloom’’

Mills (2001) ‘‘Normal’’ and ‘‘abnormal blooms’’ (‘‘true bloom’’)

Nival & Gorsky (2001) Convenience concept of ‘‘bloom’’

Parsons & Lalli (2002) Differences between ‘‘apparent bloom’’ and ‘‘true bloom’’

Purcell et al. (2007) ‘‘Bloom’’ related to reproduction, i.e., ‘‘true bloom’’

Boero et al. (2008) ‘‘Bloom’’ (multispecific) is different from ‘‘outbreak’’ (monospecific); seasonal (‘‘normal bloom’’) or

unexpected (‘‘abnormal bloom’’)

Daryanabard & Dawson

(2008)

Differences between ‘‘apparent bloom’’ (aggregations) and ‘‘true bloom’’

Genzano et al. (2008) ‘‘Bloom’’ as an abnormal event; discussion on the convenience concept of ‘‘bloom’’, and differences

between ‘‘apparent’’ and ‘‘true bloom’’

Albert (2009) Swarm and aggregation (‘‘apparent bloom’’)

Dawson & Hamner

(2009)

Definition of mass occurrence, ‘‘normal’’ and ‘‘abnormal blooms’’ (‘‘true blooms’’), and swarm

(‘‘apparent bloom’’)

Gibbons & Richardson

(2009)

‘‘Normal’’ and ‘‘abnormal blooms’’ (‘‘true bloom’’) and ‘‘apparent bloom’’

Hamner & Dawson

(2009)

Definition of ‘‘true bloom’’ (‘‘normal’’ and ‘‘abnormal’’), ‘‘apparent bloom’’ (aggregations and swarms),

mass occurrence, and accumulations

Lilley et al. (2009) ‘‘Bloom’’ synonym of large aggregations

Purcell et al. (2009) ‘‘Bloom’’ synonym of ‘‘outbreak’’

Licandro et al. (2010) ‘‘Bloom’’ as a synonym of ‘‘outbreak’’, related to the density of organisms

Purcell (2012) ‘‘Bloom’’ as unusually high abundance (i.e., ‘‘abnormal bloom’’) synonym of ‘‘outbreak’’

Brotz et al. (2012) ‘‘Bloom’’ defined as increase in presence, numbers, or biomass
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large medusae primarily are responsible for the

negative impacts reported (Uye, 2008; Richardson

et al., 2009), a biased view in the characterization of

‘‘blooms’’ neglects some inconspicuous groups, as the

hydromedusae (Hamner & Dawson, 2009). Neverthe-

less, examples of hydromedusan ‘‘blooms’’ are in the

literature (e.g., Purcell & Grover, 1990; Mianzan et al.,

2000; Raskoff, 2001; Stefani et al., 2010; Purcell,

2012 electronic supplementary material).

Within the Phylum Cnidaria, the Class Staurozoa

(Marques & Collins, 2004; Van Iten et al., 2006)

comprises the small and inconspicuous benthic stau-

romedusae, some of which have a differentiated life

cycle (Wietrzykowski, 1912; Kikinger & von Salvini-

Plawen, 1995; Miranda et al., 2010). There are no

reports of direct impacts on human activities by these

animals: they do not prey on fish, and they are not

harmful to humans (Davenport, 1998; Zagal, 2004a).

These features make them interesting to contrast

against the bias often introduced for ‘‘bloom’’ studies.

Fortunately, long-term monitoring exists for some

species (Corbin, 1979), which facilitates the study of

‘‘blooms’’ in this group. Thus, in this study, we test the

different concepts of ‘‘bloom’’ for Staurozoa, discuss-

ing different applications of the term in relation to

biological phenomena or human convenience.

Staurozoan population biology

Stauromedusae are small, stalked, benthic medusae

that live mainly in the intertidal zone, attached to algae

or rocks (Mayer, 1910; Mills & Hirano, 2007; S1. 1).

They belong to the Class Staurozoa, the most recently

proposed class for the Phylum Cnidaria (Marques &

Collins, 2004; Collins et al., 2006; Van Iten et al.,

2006; Daly et al., 2007). Although metagenetic, the

general life cycle of Staurozoa is distinctive in that a

planula larva attaches to the substrate and develops

into a stauropolyp, which subsequently undergoes an

apical metamorphosis into an adult stauromedusa.

Consequently, the species do not produce a pelagic

medusa, because the transformation to adult takes

place without fission or budding. This developmental

pattern results in a mosaic individual, in which the

structures of the oral part are similar to those of an

adult medusa (particularly, scyphozoans and cubozo-

ans), whereas the basal part retains characteristics

of the sessile polyp. The dioecious adult stauromedusa

reproduces sexually and produces new planulae

(Wietrzykowski, 1912; Kikinger & von Salvini-

Plawen, 1995; Mills & Hirano, 2007).

The general life cycle described for Staurozoa states

that one polyp produces directly only one adult

medusa; however, they also possess a capacity for

asexual reproduction, which occurs by lateral budding

of the calyx (upper part of the animal) and at the distal

portions of some special tentacles of the polyp

(Kikinger & von Salvini-Plawen, 1995); and in the

early stage of attached larvae (‘‘microhydrula’’ stage)

through frustulation (Jarms & Tiemann, 1996;

Miranda et al., 2010). Asexual reproduction greatly

increases the ability of a single individual to generate

many clones. This ability was corroborated by molec-

ular markers (16S, ITS1, and ITS2), which showed a

unique haplotype for ten individuals of each population

(from King George Island, Antarctica and Valdivia,

Chile) of Haliclystus antarcticus Pfeffer 1889 ana-

lyzed (Miranda et al., 2010).

Although stauromedusae are widely distributed

(Kramp, 1961), limited information exists on their

biology and ecology, especially concerning their life

cycle (Miranda et al., 2010). As a result, long-term

monitoring data are rare, with a few exceptions

(Table 2). Periods of high abundances of stauromedu-

sae were recorded during the end of spring and summer

for different species in both hemispheres (Fig. 1a;

Table 2). In fact, high abundances of species of

Haliclystus were found in the Northern Hemisphere

summer by Uchida (1927), Ling (1937), Berrill (1962),

and Corbin (1979), and in the Southern Hemisphere

summer by Amor (1962), Davenport (1998), Zagal

(2004a, b), and Miranda et al. (2009). According to

Ling (1937) these animals ‘‘…occur most abundantly

during the first part of August, (…) becoming quite rare

by the end of October’’ in the Northern Hemisphere.

Similarly, the population of H. antarcticus reached its

highest density (1,405 ind m-2) during the summer

period in January in the Southern Hemisphere

(Table 2) and then decreased drastically during the

winter months (Zagal, 2004b). Additional records of

stauromedusae have peak abundance in the summer,

including the genera Sasakiella (Ling, 1937), Mana-

nia, and Lucernaria (Berrill, 1962); however, there are

also exceptions, such as species of Lucernariopsis that

peak in abundance during the autumn/winter (Corbin,

1979; Fig. 1b; Table 2).
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A single peak in the monitoring curve of abundance

indicates that several species of stauromedusae have

an annual cycle with one generation year-1 (Fig. 1a,

b) (Berrill, 1962; Corbin, 1979; Zagal, 2004b). Corbin

(1979), who monitored the variation in abundance of

stauromedusae for 23 years, suggested that an annual

life cycle is a common trait of Stauromedusae, with the

exception of Craterolophus convolvulus (Johnston

1835), which has two generations year-1 (Fig. 1c;

Table 2).

Although we do not know the exact environmental

signals that synchronize these annual events (Mills &

Hirano, 2007), the seasonality of stauromedusae

was hypothesized to be related to the availability of

suitable algal substrates; specifically, the periods of

highest abundance of stauromedusae and greatest

algal cover coincide, indicating optimal conditions for

growth and nutrition of these animals (Zagal, 2004b).

Environmental conditions are probably less favorable

outside of these peak periods (Zagal, 2004b); however,

species develop slightly differently from one another,

and those that co-occur at one location may emerge,

age, and disappear at different times of the year (Mills

& Hirano, 2007).

How can stauromedusae appear in great numbers

during specific seasons and then suddenly disappear?

Stauromedusae are hard to find because of the

relatively small size of some species, especially if

they are camouflaged in color and texture against the

background of macrophytes or coralline algae (Cor-

bin, 1979; Larson & Fautin, 1989; Zagal, 2004b; S1).

Moreover, the life cycle of stauromedusae includes

inconspicuous creeping planula larvae that lack cilia

(Otto, 1976, 1978) and stauropolyps, which are also

small and difficult to observe (Wietrzykowski, 1912;

Kikinger & von Salvini-Plawen, 1995). Many indi-

viduals of these ‘‘hidden’’ life cycle stages may occur

with adult stauromedusae in the intertidal, but staur-

opolyps (*0.3–0.8 mm; Hirano, 1986; Kikinger &

von Salvini-Plawen, 1995) and planulae (20–100 lm;

Otto, 1978) are even more difficult to find than the

camouflaged stauromedusae (usually varying from 1

to 4 cm; Mills & Hirano, 2007; S1). In fact, planulae

from only five species (Kowalevsky, 1884; Wietrzy-

kowski, 1912; Hanaoka, 1934; Otto, 1976, 1978) and

polyps from only nine species (Wietrzykowski, 1912;

Hirano, 1986; von Salvini-Plawen, 1987; Kikinger &

von Salvini-Plawen, 1995) have been recorded from a

total of 51 known species of Staurozoa (Daly et al.,

2007; Mills, 2011).

Migration, in which the stauromedusae move from

the littoral zone to deep waters, is another possibility

for their absence during some seasons of the year (Sars,

1846; Corbin, 1979; Zagal, 2004b). Literature suggests

that not only the medusoid but also other staurozoan

life stages migrate. Gwilliam (1956) hypothesized

that ‘‘…there exists in the vicinity [of the intertidal

population of stauromedusae] a permanent subtidal

population which is continually supplying planulae…’’,

and when conditions were suitable, these planulae

would settle, grow, and mature on algae. The ‘‘micro-

hydrula’’ stage, which occurs after planula attachment,

of H. antarcticus was collected at a depth of about 31 m

attached to bivalve shells (Jarms & Tiemann, 1996;

Miranda et al., 2010), also suggesting a migratory

behavior. This could be indirect evidence that intertidal

Table 2 Life cycles and population abundances of some species of Staurozoa

Species Generations

year-1
Peak abundance Hemisphere Season Reference

Craterolophus convolvulus (Johnston 1835) 2 April (1st generation)

September (2nd

generation)

North Spring &

summer-

autumn

Corbin (1979)

Haliclystus antarcticus Pfeffer 1889 1 January South Summer Zagal (2004b)

Haliclystus auricula (Rathke 1806) 1 July North Summer Corbin (1979)

Haliclystus salpinx Clark 1863 1 July North Summer Berrill (1962)

Lucernaria quadricornis Müller 1776 1 July North Summer Berrill (1962)

Lucernariopsis campanulata (Lamouroux 1815) 1 October North Autumn Corbin (1979)

Lucernariopsis cruxmelitensis Corbin 1978 1 February North Winter Corbin (1979)

Manania atlantica (Berrill, 1962) 1 July North Summer Berrill (1962)

Sasakiella cruciformis Okubo 1917 1? August North Summer Ling (1937)
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adult stauromedusae of H. antarcticus could co-exist

with at least one other life history stage surviving

in a different habitat than the adult, perhaps developing

and migrating when conditions become favorable.

It remains unknown whether this migration occurs

actively or passively.

In addition to the planula and ‘‘microhydrula’’

stages, stauropolyps might also perform migration.

The stauropolyp of Haliclystus octoradiatus (Lamarck

1816) tightly adheres to the substrate until the 4-ten-

tacle stage, when the polyp spontaneously detaches

itself, even when water conditions are calm. This was

observed consistently in laboratory cultures and

similar events may occur under natural conditions

(Wietrzykowski, 1912), providing an opportunity for

polyps to migrate from a deeper region, where the

‘‘microhydrula’’ stage was located, to shallow waters,

where stauromedusae are observed. However, there are

no other reports to corroborate that planulae and

stauropolyps of Staurozoa can migrate seasonally from

shallow to deep waters or vice versa (Gwilliam, 1956;

Corbin, 1979; Zagal, 2004b), and there is no evidence

of migratory behavior during the stauromedusa stage.

Information on the duration of each stage of the life

cycle of Staurozoa, which would help in understand-

ing the appearance of great numbers of stauromedu-

sae, is also scarce. However, the migratory hypothesis

has some support from scattered information on the

life cycle of many species. The ‘‘microhydrula’’ stage

of H. antarcticus was found in December at King

George Island (Jarms & Tiemann, 1996) and could

have been the source of the large number of adult

Fig. 1 Seasonal patterns of

abundance of Staurozoa.

a Spring/summer peak

(annual cycle); b autumn/

winter peak (annual cycle);

c a biannual cycle. Adapted

from Corbin (1979)
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stauromedusae recorded in late February–early March

(Miranda et al., 2009). Although no further informa-

tion exists for this species, some data in the literature

help to deduce the life cycle. The planula stage of

H. octoradiatus develops into a fully developed

stauropolyp in about 15 days (Wietrzykowski, 1912)

and the stauropolyp of Stylocoronella takes 2 months

to become a mature stauromedusae under laboratory

conditions (Kikinger & von Salvini-Plawen, 1995).

Finally, Wietrzykowski (1912) observed young polyps

of H. octoradiatus in the field during April and mature

stauromedusae during July. Thus, about 3 months

between December and March would be enough

for planulae to become mature stauromedusae for

H. antarcticus.

Field observations confirm that most species of

stauromedusae disappear for several months before

their young stages reappear, so encystment of the

larvae also seems likely to occur in the field (Mills &

Hirano, 2007). Although encystment or resistance

stages have not been observed, when planulae of

Haliclystus salpinx Clark 1863 settle in the laboratory,

they can aggregate and become surrounded by an

amorphous substance that forms packed subunits

enclosing the planulae, which could be an overwin-

tering stage (Otto, 1978). Otto (1978) suggests that the

planulae of Haliclystus spp. probably do not develop

directly after settlement in nature, but form cysts

during unfavorable conditions. Interestingly, the

‘‘microhydrula’’ stage of H. antarcticus also aggre-

gates (Miranda et al., 2010), and could represent the

‘‘resistant’’ stage suggested by Otto (1978). In addi-

tion, this ‘‘microhydrula’’ stage can produce frustules

(Jarms & Tiemann, 1996; Miranda et al., 2010). In the

genus Stylocoronella, many frustules further divide

into two smaller ones during the development of some

specimens, and this stage encysts, showing no further

development (Kikinger & von Salvini-Plawen, 1995).

These frustules could act as resting stages, later

developing into stauropolyps under favorable condi-

tions (Kikinger & von Salvini-Plawen, 1995). Proba-

bly due to their resistance, Otto (1978) was unable to

trigger further development of staurozoan planulae or

frustules in the laboratory. In fact, the ‘‘microhydrula’’

stage of H. antarcticus has been kept in continuous

culture for nearly 20 years without further develop-

ment (Jarms & Tiemann, 1996; Miranda et al., 2010).

In addition to a seasonal peak, which occurs once

or twice a year depending on the species (Table 2),

Corbin (1979) reported exceptional increases in

abundances of certain species during specific years.

On average, Lucernariopsis cruxmelitensis Corbin

1978, for instance, produced about 200 individuals

during its peak abundance during winter. In 1968, it

was estimated that this number reached 2,000 indi-

viduals in February (Northern Hemisphere winter).

Corbin (1979) also detailed an event of considerable

increase in abundance for different species (Lucer-

nariopsis campanulata (Lamouroux 1815) and C. con-

volvulus) in 1974, which was maintained for a

considerable period of time and gave ‘‘every indica-

tion of the occurrence of a population explosion of

these two species’’ (Corbin, 1979). Corbin (1979)

suggested that certain factors were especially favor-

able to these species at the time of spawning, prior to

maturity, and continuing through the development and

growth of the resulting ‘‘explosion generations’’.

A combination of extrinsic and intrinsic factors could

lead to an unusually high number of specimens.

Despite these high densities (‘‘seasonal’’ or ‘‘excep-

tional’’) documented for Staurozoa, evolutionarily these

animals are not considered able to bloom (either

‘‘apparent’’ or ‘‘true bloom’’; Dawson & Hamner, 2009;

Hamner & Dawson, 2009). In order to discuss the

suitability of considering staurozoan ‘‘blooms’’, we

will address different concepts of ‘‘bloom’’ in the litera-

ture, verifying whether or not they are applicable to

Staurozoa.

Stauromedusae and the concepts of ‘‘bloom’’

Biological concept

‘‘Apparent bloom’’

An ‘‘apparent bloom’’ is an event caused by environ-

mental (physical and chemical) and/or biological

(swimming) factors. These factors may lead to aggre-

gations or swarms that could affect local perception of

large numbers of jellyfish as a real population increase

(Graham et al., 2001; Table 1).

Stauromedusae have limited capacity of movement

and spend most of their lives attached to rocks or

seaweeds by their peduncle; however, they can use

their tentacles or anchors (adhesive structures) to

restrict locomotion (Hyman, 1940; Mills & Hirano,

2007; personal observations). Their planulae do not
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possess cilia and so also have limited movement

(Otto, 1976, 1978). Because traversing physical bar-

riers depends on swimming (Graham et al., 2001),

stauromedusae are susceptible to accumulation due to

environmental variables. Currents or winds can accu-

mulate their substrata or stauromedusae when they

reach a barrier, thereby creating an ‘‘apparent bloom’’

of Staurozoa. Nevertheless, evolutionary analysis of

‘‘jellyfish blooms’’ (Dawson & Hamner, 2009;

Hamner & Dawson, 2009) concluded that ‘‘apparent

blooms’’ were ‘‘rare or absent’’ in the class. Contrary

to this conclusion, there are records of dense stau-

romedusa aggregations (Collins & Daly, 2005), but

insufficient information was available to conclude if

these events were ‘‘apparent blooms’’ (Table 3).

‘‘True blooms’’

A ‘‘true bloom’’ can be a regular event (‘‘normal

bloom’’; Graham et al., 2001). Jellyfish populations in

temperate climates usually vary seasonally in abun-

dance in a somewhat predictable manner, with their

peak following the regular sequence of the phyto-

plankton spring pulse (CIESM, 2001). Some authors

considered these seasonal, natural population phe-

nomena to be a ‘‘true (demographic) normal bloom’’

(Mills, 2001; Dawson & Hamner, 2009; Hamner &

Dawson, 2009; Table 1). According to those defini-

tions, the annual pattern of abundance of a staurozoan

population, with one or two annual peaks (Fig. 1)

should be classified as a ‘‘normal true bloom’’.

‘‘Blooms’’ are one possible consequence of a meta-

genetic life cycle because all metagenetic cnidarians

have the potential to bloom (Mills, 2001; Hamner &

Dawson, 2009). Among Scyphozoa, each benthic polyp

may produce many ephyrae through strobilation (asex-

ual reproduction), and each of the ephyrae can develop

into an adult scyphomedusa. Thus, one polyp can

produce many medusae, contributing decisively to the

formation of ‘‘blooms’’ (Purcell, 2007). On the other

hand, one stauropolyp only produces one adult stau-

romedusa because it does not strobilate, but metamor-

phoses directly into a benthic medusa (Wietrzykowski,

1912; Kikinger & von Salvini-Plawen, 1995). Similarly

in cubozoans, each cubopolyp metamorphoses directly

into a single cubomedusa (Stangl et al., 2002); this was

one reason to conclude that this taxon cannot form

‘‘extraordinary blooms’’ (Hamner & Dawson, 2009).

Nevertheless, cubozoans (Werner et al., 1971; Arneson

& Cutress, 1976; Yamaguchi & Hartwick, 1980) and at

least some, if not all, Staurozoa can asexually reproduce

in the early life cycle stages (settled planulae—‘‘micro-

hydrula’’—and stauropolyps; Wietrzykowski, 1912;

Kikinger & von Salvini-Plawen, 1995; Miranda et al.,

2010). This asexual reproduction would create many

new polyps, which could each metamorphose into one

new medusa. Thus, even without strobilation, there

could still be rapid population growth in Staurozoa due

to asexual reproduction. Constraining a species’ ability

to bloom to only those capable of strobilation is an

oversimplification of the biological question. Also,

these ‘‘blooms’’ are not biologically homologous (e.g.,

strobilation in Scyphozoa and frustulation in Stauro-

zoa); therefore, evolutionary reconstructions of the

‘‘bloom’’ capacity may need to consider additional

biological processes/features.

Evidence indicates that Staurozoa may occur

periodically at high densities. During 23 years of

monitoring (Corbin, 1979), stauromedusae presented a

seasonal, predictable, ‘‘normal true bloom’’. This also

was observed during 1 year of monitoring by Zagal

(2004b). In conclusion, although data on the life cycle

of Staurozoa are rare, the population dynamics of

some species allows us to reject the conclusion that the

Class Staurozoa does not have ‘‘normal true blooms’’

(Hamner & Dawson, 2009; Table 3).

‘‘True blooms’’ also can be unpredictable events

(‘‘abnormal blooms’’; Graham et al., 2001). Some

authors suggest that the normal, seasonal increases in the

abundance of individuals of a population (herein called

‘‘normal true bloom’’) should not be considered a

‘‘bloom’’; however, in some years, the expected occur-

rence of a species may exceed the usual abundance level

and only then should be considered a ‘‘bloom’’ (CIESM,

Table 3 The adequacy of considering a ‘‘Staurozoa bloom’’,

according to the different concepts of ‘‘bloom’’

Concepts of ‘‘bloom’’ Do Staurozoa bloom?

Biological

‘‘Apparent bloom’’ ?

‘‘True bloom’’

‘‘Normal’’ (Regular) Yes

‘‘Abnormal’’ (Irregular) Yes

Convenience

Size/conspicuity No

Plankton No

Impact on human activities No
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2001; Genzano et al., 2008; Table 1). This was called

an ‘‘abnormal true bloom’’ because it resulted from a

population increase following asexual reproduction

(‘‘true bloom’’; Dawson & Hamner, 2009; Hamner &

Dawson, 2009) and ‘‘abnormal’’ because it surpassed

the usual levels for the species.

In order to recognize such events as unusual, there

must be good knowledge of what is ‘‘normal’’ abun-

dance or biomass. Answering this question is only

possible when proper baseline information, such as

long-term monitoring, is available (Genzano et al.,

2008). Corbin (1979) noted some years of ‘‘exception-

ally high’’ abundances of stauromedusae. In 1968, the

number of specimens of L. cruxmelitensis was 10-times

higher than the maximum mean observed in other

years. In 1974, the population of C. convolvulus and

L. campanulata reached a high density, an event with

‘‘every indication of the occurrence of a population

explosion’’ (Corbin, 1979). Zagal (2004b) also recorded

remarkably high densities of H. antarcticus, reaching

1,405 ind m-2 (vs. a mean density of 385 ind m-2) in

summer 2002. Unfortunately in this case, the species

was monitored for only 1 year, so we cannot know if

those numbers were abnormal. Thus, the limited

available data have shown ‘‘abnormal true blooms’’ in

Staurozoa (Table 3), contrary to earlier conclusions

(Dawson & Hamner, 2009; Hamner & Dawson, 2009).

Literature highlights different reasons for causes of

‘‘abnormal true blooms’’ of jellyfish, including anthro-

pogenic sources (eutrophication), fishing pressure

(overfishing), aquaculture, construction (human mod-

ification of aquatic habitats, altering coastal waters

and circulation), climate change, and invasions

(translocations) (Purcell et al., 2007; Richardson

et al., 2009; Purcell, 2012). In Staurozoa, attempts to

identify the events would be purely speculative, but

likely include extrinsic factors, such as food avail-

ability, suitability of substrate, environmental water

temperature, exposure, and concentration of predators;

and intrinsic factors affecting more intense gameto-

genesis in the parent generation, higher levels of

fertilization, better survival of larvae and cysts, more

successful settlement, and optimal survival of post-

larvae stages (Corbin, 1979).

The ‘‘convenience concept’’ (‘‘biased bloom’’)

Convenience concepts are those not based on biological

patterns and, unfortunately, they are spread throughout

many biological examples including Medusozoans

(Marques, 2001). Likewise, the concept of ‘‘bloom’’

should be based on biological aspects related to

evolution or life history of the species. Nevertheless,

the terms ‘‘bloom’’ or ‘‘outbreak’’ are sometimes used

without considering the biological processes involved in

the phenomenon.

Some authors consider a species to be blooming

‘‘…when it becomes conspicuous in the sea and when it

is harmful to humans’’ (Nival & Gorsky, 2001; Table 1),

incorporating high levels of anthropocentrism, because

‘‘…this condition depends on the size of the sample and

on the sampling method used’’ (Nival & Gorsky, 2001).

‘‘Normal (annual) blooms’’ and absence of noxious

species for humans do not draw attention (Benović &

Lučić, 2001); therefore, most of the times they are not

noticed or reported. Usually, ‘‘blooms’’ are observed

when massive appearances of conspicuous, stinging

jellyfish occur near coastal areas, significantly and

visibly affecting human activities, like fisheries, tour-

ism, and power production (Genzano et al., 2008).

Hence, there is a focus on ‘‘macromedusae’’, mainly

scyphozoans, which are individually large and cause

negative impacts on various economic activities (Bayha

& Graham, 2009; Richardson et al., 2009). We use the

term ‘‘convenience concept of bloom’’ to refer to these

events because they constrain ‘‘bloom’’ events to those

observed by humans and that interfere with human

activities. In other words, it is a ‘‘biased’’ concept.

Staurozoa are inconspicuous, often camouflaged

animals (S1), in all stages of their life cycle (Wietrzy-

kowski, 1912; Hanaoka, 1934; Otto, 1976, 1978;

Hirano, 1986; Mills & Hirano, 2007). Their cnidae are

not harmful to humans (personal observations),

and there is no reported negative impact on human

activities. Moreover, they are benthic animals, and the

term ‘‘bloom’’ only has been applied to planktonic

animals (CIESM, 2001), even though biologically

they are medusae (Marques & Collins, 2004; Collins

et al., 2006). Consequently, according to the conve-

nience concept, Staurozoa do not bloom (Table 2).

Conclusion

Whether or not the Staurozoa have the capacity to

bloom depends on the concept of ‘‘bloom’’ used

(Table 1). When we considered the biological concept

of ‘‘bloom’’, the Staurozoa do bloom according to the
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concepts of ‘‘true bloom’’ (normal and abnormal) and

probably bloom according to the ‘‘apparent bloom’’

concept. In contrast, Staurozoa do not bloom if we use

the convenience concept of ‘‘bloom’’, which refers to

planktonic, conspicuous, and harmful to humans.

Although an evolutionary analysis considered the

Staurozoa to be a non-blooming clade (Dawson &

Hamner, 2009), biological data reviewed here indicate

that they can bloom. Consequently, the evolution of

‘‘bloom’’ (Dawson & Hamner, 2009) should be

reviewed, as well as their phylogenetic implications.

It usually is difficult to identify the processes

involved in high abundances of organisms, i.e.,

re-distribution of a stable population, real population

growth, or both (Graham et al., 2001; Hamner &

Dawson, 2009). Monitoring data are fundamental to

defining such events (Genzano et al., 2008). It is also

important to consider the various stages of the life

cycle, such as planulae and polyps, which are often

neglected in ‘‘bloom’’ studies (but see Arai, 2009;

Dawson & Hamner, 2009; and Htun et al., 2012 on

podocysts; Bayha & Graham, 2009; Astorga et al.,

2012; Holst, 2012; and Purcell et al., 2012 on polyps;

Straehler-Pohl & Jarms, 2010 for ephyrae detection).

The biological concept of ‘‘bloom’’ also has weak-

nesses because there may be different, non-homolo-

gous processes for the origin of the ‘‘blooms’’.

A ‘‘jellyfish bloom’’ is an interesting event, and if

we want to be able to predict it, we need to study its

whole complexity, with efforts to minimize possible

biases introduced by the human point of view.
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