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Medusae have a great diversity of associations
with different crustacean groups such as Amphipoda,
Cirripedia, Isopoda, Copepoda, Decapoda and Mysidacea
(e.g. Moreira, 1961; Phillips et al., 1969; Bruce, 1972;
Martin and Kuck, 1991; Pages, 2000; Sorarrain et al.,
2001; Browne and Kingsford, 2005; Nogueira Jr. and
De Loyola e Silva, 2005; Martinelli Filho et al., 2008).
Amphipoda is one of the most representative groups of
marine symbiotic crustaceans, many species are associated
as symbionts or parasites of other organisms including
cnidarians, mollusks, other crustaceans, tunicates, as well
as fishes, sea turtles, dolphins, and whales (LeCroy et al.,
2009). According to Laval (1980), hyperiids represent a
remarkable lineage of amphipods that are adapted to live as
holoplanktonic forms that evolved from benthic ancestors,
and use as a substratum, shelter and source of food other
pelagic organisms, mainly gelatinous zooplankters, at
least during the first part of their life cycle.

The nature of this association depends on the hyperiid
species and varies according to hydrological and biological
factors such as season, abundance and size of hosts,
temperature, and parasite life cycle (Dittrich, 1987;1992).
These interactions have been characterized with different
levels of detail and reported under different terms such as
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parasitoidism, micropredation, protection, phoresis, and
buoyancy (Madin and Harbison, 1977; Laval, 1980; Vader,
1984; Ohtsuka et al., 2009). The association might be of
a simple guest if they feed on the material filtered by the
host, or as parasitism if they feed on the host tissues. These
associations may be mandatory for a number of species
at a certain phase on their life-cycles and may or may
not present host specificity (Lima and Valentin, 2001a).
Some genera and even families appear to be restricted
to associations with certain host groups (Harbison et al.,
1977; Laval, 1980), but the mechanisms for host selection
are diverse (Vader, 1984; Gasca et al., 2015). In general,
it is assumed that most hyperiid amphipods depend on the
association to complete their life cycle (Laval, 1980).

The present report is the result of a fortuitous finding of
hyperiids inside different medusae species during a routine
sorting of zooplankton samples. This contribution reports
a previously unknown association between the hyperiid
amphipod Brachyscelus cf. rapacoides Stephensen, 1925
with two jellyfish hosts from Sdo Sebastido Channel,
southeastern Brazil.

Sdo Sebastido Channel is located between the
municipality of Sdo Sebastido and Sado Sebastido Island
(municipality of Ilhabela) on the north coast of Sdo Paulo
state. The area presents a subtropical climate and water
temperatures ranges between 15 and 20°C (Migotto et
al., 2001). The local currents are driven by wind, usually
associated with southerly cold fronts (Castro Filho, 1990).
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The genus Brachyscelus Spence Bate, 1861 is widely
distributed in tropical and warm-temperate regions of the
world’s oceans (Zeidler, 2016). According to Madin and
Harbison (1977) at least 17 species have been described in
this genus (including also its junior synonym Thamyris Claus,
1879). But, only four of them were recognized as valid by
Vinogradov et al. (1996), who considered B. rapacoides
as a synonym of Brachyscelus rapax (Claus, 1879). Other
studies resulted in the recognition of at least five species,
including now B. rapacoides as valid (Zeidler, 1992;2016).
The reason for the reduction of valid species is that several of
them were poorly described, more than a century ago. Only
through a detailed revision of the type material and the use
of molecular techniques, this could be solved. It is difficult to
ascertain the distribution of B. rapacoides because it was, for
some time, considered a synonym of B. rapax and also due
to some misidentifications. Even though, B. rapacoides is a
relatively rare species, known from widely separated records
from tropical and temperate regions worldwide (Dick, 1970).
Zeidler and De Broyer (2009) recorded it also in the Southern
Ocean (Antarctic), specifically from the Indian sector (South
of Australia). In the Atlantic Ocean, it has been recorded from
about 44°N to tropical regions off Aftrica and Brazil (up to off
Florianodpolis, Brazil, 27° 50.3’S and 47° 54.0'W) (Lima and
Valentin, 2001b). Most samples are from near-surface waters
(see Zeidler and De Broyer, 2009), however, the species
appear to have epipelagic to shallow-mesopelagic distribution
(LeCroy et al., 2009; Zeidler, 2016).

Medusae were collected along the Sao Sebastiao Channel
on 14 November 2015 (austral spring) from two different
sources: 1) standard zooplankton net trawling: three tows were
carried out using a Bongo-type net (75cm mouth diameter;
500um mesh size) operated in oblique tows performed from
~ 7m to surface for 5 to 10 minutes at about 2 knots; 2) three
hauls carried out using a demersal trawl (9.7m otter trawls with
1 and 3cm stretch mesh in the body and sleeve, and 25mm in
the cod end bar mesh) towed on the bottom for 10 minutes at a
speed of 3-4 knots. In both cases, tows were carried outs during
daylight. In addition, during an environmental monitoring
of the study area, a single Chrysaora lactea Eschscholtz,
1829 specimen was collected from the surface, with a hand
net (29 November 2015). Samples were examined in vivo
under a stereomicroscope at the laboratory at the Centro de
Biologia Marinha, Universidade de Sao Paulo (CEBIMar-
USP) during the following 2h while most specimens remain
alive. Hyperiids were removed and isolated from the hosts
tissues and preserved in 4% formaldehyde seawater solution

for taxonomical identification and conservation. Taxonomic
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identifications of medusae followed Mianzan and Cornelius
(1999) and Bouillon (1999), while of the amphipods hyperiids
followed Vinogradov et al. (1996) and Zeidler (2016). The
amphipods were deposited in the collection of zooplankton
at El Colegio de la Frontera Sur (ECOSUR), Chetumal,
Quintana Roo, Mexico (ECO-CHZ).

The total length of the hyperiids (i.e. from the front of
the head, excluding the antennae, to the posterior margin of
the last uropods, in mm) was measured (Sheader and Evans,
1975). The total number of medusae bearing hyperiids and
the number of hyperiids observed on each medusae were
also recorded. Intensity of infection (number of individuals
of the hyperiid in a single specimen) and intensity interval
(the minimum and maximum number of hyperiid by
infected specimen) were estimated following Bush et al.
(1997).

Only the scyphomedusae C. lactea and the
hydromedusae Olindias sambaquiensis Miiller, 1861 were
positive for hyperiid amphipod specimens, which were
identified as B. cf. rapacoides because of the following
features: 1) head pointed in males, round in females; 2)
S5 (fifth segment) of PI (first pereopod) higher than long,
with a distinct anterodistal process; 3) S5 and S6 of PI
with large teeth mixed with smaller ones; 4) P5 S2 oval
and its length is almost double of its width, S4 and S5
wider distally; 5) PVI basis width about 73% its length,
basis length about 65% of the remaining segments,
regular spines in anterior margin of distal third of S4
and in all anterior margin of S5 and S6; 6) PVII shorter
than the remaining segments in one specimen but longer
in bigger specimens; 7) telson slightly longer than wide.
The analyzed specimens, however, show some differences
with respect to the original description of B. rapacoides by
Stephensen (1925), particularly in details of PI, PII, and
urosome size and proportions (Vinogradov et al., 1996;
Zeidler, 2016). Unfortunately, the specimens analyzed
were not adults.

From ten examined amphipods found in C. lactea, seven
were larval stages (pantochelis and/or protopleon), ranging
between 0.45 and 0.8mm total length, and three were juveniles
varying between 2.50 and 6.04mm total length. Two juvenile
females and one juvenile male specimens were identified (see
Figure 1 for B. ¢f’ rapacoides development stages identified).
Only one individual of the hydromedusa O. sambaquiensis
was found with B. ¢f. rapacoides bearing only one specimen
of the amphipod. This specimen of O. sambaquiensis was not
measured and sexed, due to their further use for toxicological
studies (Table 1).



Figure 1. Brachyscelus cf. rapacoides parasitizing medusae of
Chrysaora lactea from Sdo Sebastido Channel, SE Brazil. A) Female
specimen and B) larval stage.

A total of 32 individuals of C. lactea were collected,
but hyperiids were present in only four (12.5%). Medusae
bell diameter (n=31; one individual could not be measured)
ranged between 63 and 124mm, while the size of the
parasitized individuals varied between 82 and 98mm.
The maximum intensity of infection was seven, while the
intensity interval ranged between 1-7 hyperiids per host.

Observations of living medusae showed that hyperiids
were distributed in different parts of the host body
including the gastric pouches, the gonadal zone, and the
oral arms. The larval stages were found only in the gastric
pouches.

Individuals of the genus Brachyscelus have been
recorded from a variety of gelatinous zooplankton
although most species prefer medusae as hosts (Zeidler,
2016). Particularly B. rapacoides has been recorded in
the hydromedusae Aequorea sp., Orchistoma sp., and
Leuckartiara sp., as well as in pteropod Diacavolinia
longirostris (Lesueur, 1821) (as Cavolinia longirostris)
(Harbison et al.,, 1977). Recently, Gasca et al. (2015)
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recorded an unidentifiable juvenile of this genus from
the narcomedusae Solmissus incisa (Fewkes, 1886).
Other congeners, like Brachyscelus crusculum Spence
Bate, 1861 have been recorded in association with salps,
heteropods and medusae (see Harbison et al., 1977; Laval,
1980; Gasca and Haddock, 2004), such as the hydrozoan
Aequorea coerulescens (Brandt, 1835) (Gasca and
Haddock, 2004).

Previous reports of associations between hyperiid
amphipods and gelatinous zooplankton from the
Southwestern Atlantic Ocean (Argentinean coast) include
the record of Hyperoche medusarum (Kreyer, 1838)
with the ctenophore Mnemiopsis leidyi A. Agassiz, 1865
(as Mnemiopsis mccradyi) (Sorarrain et al., 2001) and
Hyperoche martinezii Miiller, 1864) with three different
ctenophores (Puente Tapia et al., 2016). In the Brazilian
coast, C. lactea has been found in association with isopods
(Nogueira Jr. and De Loyola e Silva, 2005), metacercariae
Opechona sp. (Nogueira Jr. et al., 2015), and shrimps
(Martinelli Filho et al., 2008), while O. sambaquiensis
only with isopods (Nogueira Jr. and De Loyola e Silva,
2005).

Two different developmental stages (larval and
juvenile phase), as well as two females and one male of B.
¢f- rapacoides, were observed in C. lactea. The presence
of these stages in the same host would suggest a close
dependence between the amphipod and its gelatinous host.
As a platysceloidean hyperiid, B. rapacoides has reduced
mouthparts, a condition that is probably related to the
high degree of dependence on gelatinous zooplankton
hosts; reduction is stronger in females, suggesting that
females spend more time on the host than males (Zeidler,
2016). In some amphipod species, adults remain in the
host together with their offspring, so the same host could
be simultaneously occupied by different generations of
the hyperiid (Gasca et al., 2014). According to Lima and
Valentin (2001a), females are usually much more common
in association, and it is believed that a number of females,
once inside their hosts, may live longer in the latter than
male individuals which, upon reaching the adult stage,
abandon their host. Thurston (1977) remarked that the
number of juveniles on a single host is markedly less
than the offspring number of the hyperiid. Metz (1967)
attributed this difference to the escape of hyperiids after
hatching, because juveniles are capable of swimming and
they start searching for a new host (Laval, 1980). The
life cycles of hyperiid amphipods are both complex and
poorly known; obligate parasitism for all its stages has
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Table 1. Material examined. Medusae (sex and umbrellar diameter) and hyperiid parameters (stage of development, sex,

total length and ubication in the host).

Umbrellar Total
. . Stage of  Parasites Number of length ~ Host
Host species Host sex  diameter . . . Remarks
parasite  sex parasites parasite  area
(mm)
(mm)

) Parasite at resting posture
Chrysaora Female 82 Juvenile Female 1 6.04 Oral on external surface of
lactea arms

oral arms
Larval Undetermined 6 0:45t0  Gastric

0.58 pouches
Chrysaora Female 98 Juvenile Female 1 2.50 Gonadal
lactea zone
Chrysaora Female 89 Larval Undetermined 1 0.80 Gastric ~ Hyperiid identified as
lactea pouches  Brachyscelus sp.
Chrysaora Not Not . Host collected
lactea sexed measured Juvenile  Male ! 313 (29 November 2015)
Olindias o Not Not Juvenile Male 1 418 Gonadal Host used. for '
sambaquiensis  sexed measured zone toxicological analysis

been suggested for some species, being found afterward as
free-swimming adults in the plankton (Von Westernhagen,
1976; Sorarrain et al., 2001).

Harbison et al. (1977) observed the occurrence of two
or more species of amphipods in a single medusa host,
such as B. rapacoides, Brachyscelus sp., Lestrigonus
schizogeneios Stebbing, 1888 and Lestrigonus sp.,
coexisting in the hydromedusa Aequorea sp. Apparently,
Lestrigonus sp. showed some preference to consume the
food captured by the host, while Brachyscelus consumed
host tissues, concluding that the feeding habits of the
amphipods are variable and conditioned by circumstances
related to the nutrition of the host. Thus, it is possible
that the feeding behavior of the amphipods is essentially
opportunistic. According to Bowman et al. (1963), this
type of association suggests the host tissues are not the
only or main food source and nutrition for the amphipod.
It is possible that the gelatinous zooplankton host act
as a mobile platform from which the amphipod makes
small excursions to collect food particles, including some
captured by the host.

Some authors suggest that hyperiids associate
with hosts only intermittently for food, transportation,
protection (Vader, 1984; Dittrich, 1992), or otherwise,
they would not be able to survive independently (Laval,
1980). However, others argue that they are mostly free-
living forms (Evans and Sheader, 1972), thus exist an
important discussion on the degree of dependence of the
hyperiids and gelatinous zooplankton hosts. The range of

behavior within these associations is wide, for example,
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some species show a parasitoid behavior, leaving their
offspring in the host, while other species have a marked
and relatively prolonged parental care (Gasca and
Haddock, 2004).

The distribution of the hyperiid amphipods in the
host body differed in relation to their developmental
stages (Laval 1980; Puente Tapia et al., 2016). Adults of
Hyperia galba (Montagu, 1815) are typically found on
the subumbrella and manubrium of their host Cyanea
capillata (Linnaeus, 1758) where they feed on epidermal
tissue (White and Bone, 1972), while the young phases
of the hyperiid are found throughout the gastrovascular
system because instars lack swimming appendages
(Laval, 1980). In general, adult phases adopt a resting
posture on the host, with only the dorsal surface of pleon
in contact with the host (Madin and Harbison, 1977), as
was observed in one of the individuals of the hyperiid in
C. lactea in the study area.

Assuming that the distribution and abundance of
the amphipods will be determined by that of the host
(Harbison et al., 1977), the high abundance of C. lactea
in the surveyed area (Morandini et al., 2006) could be a
parameter to determine the occurrence of the hyperiid,
but this aspect of its biology should be studied further
based on continuous sampling. According to Lima
and Valentin (2001a), some hyperiids species are
often overlooked when in association with gelatinous
organisms and might have a much wider distribution
than it has been recorded. The frequency of their
distribution and even the specificity of their hosts, serve



as a basis for the understanding of hyperiid distribution
standards, as they would have a close relationship with
gelatinous animals.

It is necessary to carry out samplings at regular
periodicity that allow us to understand the seasonal
distribution and basic biological and ecological aspects
of the associations, in order to known the dynamics of
the interaction, using sampling methods appropriate
for the gelatinous zooplankton or for this type of
investigations, due to the fact that, conventional
net sampling is not adequate to study zooplankton
associations, as individuals are commonly separated
due to the turbulence generated during the tows. As a
consequence, gelatinous specimens are damaged and
hyperiids are likely to be lost (Lima and Valentin,
2001a). The best way to record and study such
associations is the collection of organisms in isolated
containers by SCUBA divers (Laval, 1980) because
this sampling method prevented the loss of hyperiids
(Olivaet al., 2010). From net samples, identification of
gelatinous zooplankton organisms is difficult because,
as they are extremely fragile, they are often found
semi-destroyed or severely damaged; sometimes, as
the guest organisms can be expelled from the host,
the opportunity to find the association is ruined
(Lima and Valentin, 2001a). With the present study,
we cannot prove that B. ¢f. rapacoides is an obligate
parasite on C. lactea and O. sambaquiensis. However,
there is evidence supporting the effects caused by
hyperiid amphipods on gelatinous zooplankton hosts
(see Harbison et al., 1977; Laval, 1980; Riascos et
al., 2012;2015; Fleming et al., 2014). If hyperiid
amphipods are obliged to associate with gelatinous
zooplankton, then the distribution of their hosts must
be the main factor determining both the horizontal and
vertical distribution of them (Harbison et al., 1977).
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