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ABSTRACT

The activity of Lysmata grabhami as cleaner shrimp is well known, and its clean-
ing mutualism with many client fish species in different biogeographic areas have been
documented. The literature reviewed resulted in 49 fish species belonging to 15 families
to be cleaned at both sides of the Atlantic Ocean. Overall, Muraenidae, Serranidae, Poma-
centridae, Holocentridae and Acanthuridae were the families that accounted more species
of client fish; both families and the pool of species were different at Western and Eastern
Atlantic. This work reports and describes a new cleaning interaction between the cleaner
shrimp, L. grabhami (Gordon, 1935), and the island grouper, Mycteroperca fusca (Lowe,
1838) from the Canary Islands, North-eastern Atlantic ocean.

Keywords: cleaner shrimp, island grouper, symbiosis, Atlantic Ocean, Canary Is-
lands.

RESUMEN

La actividad de la gamba limpiadora Lysmata grabhami es bien conocida, y las re-
laciones mutualisticas con diferentes especies de peces han sido documentadas con ante-
rioridad. Un total de 49 especies de peces pertenecientes a 15 familias han sido registradas
como clientes de esta gamba limpiadora a ambos lados del Océano Atlantico. Las familias
Muraenidae, Serranidae, Pomacentridae, Holocentridae y Acanthuridae fueron las fami-
lias que totalizaron un mayor numero de especies de peces, y las familias y las especies fue-
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ron diferentes entre el Atlantico Oeste y el Atlantico Este. En este estudio se registra por

primera vez una interaccion entre la gamba limpiadora L. grabhami (Gordon, 1935) y el

abade, Mycteroperca fusca (Lowe, 1838) en las islas Canarias (Atlantico Nororiental).
Palabras clave: gamba limpiadora, abade, simbiosis, Océano Atlantico, islas Canarias.

1. INTRODUCTION

Cleaning mutualisms are widespread among marine animals (COTE, 2000; GRUT-
TER, 2002). During cleaning interactions in the sea, the ‘cleaner’ removes parasites, skin,
scales and mucus from the body surface of their ‘clients’, which include many types of
marine organisms (e.g. invertebrates, fishes, turtles, and whales); this behaviour often is
considered to be mutualistic, i.e. the cleaner receives a meal, and the client is freed from
irritants or parasites, and is allowed by the client to do so without being attacked or harmed
(COTE, 2000; GRUTTER, 2002; FLOETER et al., 2007; WICKSTEN, 2009). The factors
affecting the cleaning interactions, such as client body size, abundance, schooling or soli-
tary, active or sedentary, type of feeding and habitat, obligate or facultative cleaners, have
been widely studied (see reviews in COTE, 2000 and FLOETER et al., 2007 and references
therein).

Around the world, at least 132 marine organisms have been documented to have
cleaning behaviour, 112 fish species and 20 invertebrates, mainly crustaceans of the fam-
ilies Hippolytidae, Palaemonidae, Stenopodidae and Majidae (VAN TASSELL et al., 1994).
The first family includes species of Lysmata, commonly called cleaner shrimps (DEBE-
LIUS, 2001). They inhabit rocks, coral reefs, or shipwrecks from the intertidal zone to the
continental shelf in tropical and warm temperate seas. Phylogenetic analysis revealed ca.
26 species within the genera Lysmata and Exhippolysmata; these species are rare among
marine invertebrates, because they are protandric simultaneous hermaphrodites, i.e. shrimps
initially mature and reproduce solely as males, and later in life become functional simul-
taneous hermaphrodites (BAEZA, 2010). At least 11 species have been reported to be
cleaners (WICKSTEN, 2009), within this group, Lysmata grabhami (Gordon, 1835), is
considered to be ‘highly evolved’ or ‘specialized’ shrimp cleaner. It has conspicuous white
antennae contrasting with the body color, which has a mid-dorsal white stripe flanked by
red and yellow. This species lives in pairs and occupy cleaning stations-areas, where client
fishes visit them (WICKSTEN, 2009).

In the past, L. grabhami was misidentified with Lysmata amboinensis (De Man,
1888), a species distributed in the Indo-Pacific (see RANDALL, 1958; BRUCE, 1974;
HAYASHI, 1975). The genetic distance found in the molecular analysis together with minor
but constant differences in colour pattern support that they are different valid species (see
BAEZA, 2010). L. grabhami has an amphi-Atlantic distribution in tropical and subtropi-
cal areas. In the Western Atlantic, it has been recorded from the Florida Keys, Bahamas,
and North-eastern Gulf of Mexico (LIMBAUGH, 1961), Netherlands Antilles, Lesser An-
tilles, Antigua Island, Colombian Caribbean coast, Bermuda (CHACE, 1972; CRIALES &
CORREDOR, 1977; CRIALES, 1979; MANNING & CHACE, 1990; WICKSTEN, 1995),
Brazil (KASSUGA et al., 2015), and Saint Paul’s Rocks (HOLTHUIS et al., 1980). In the
Eastern Atlantic from Madeira (GORDON, 1935, type locality), Canary Islands (MORENO
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et al., 1978, as Hippolysmata grabhami), and Cape Verde Archipelago (TURKAY, 1982,
as Lysmata amboinensis), Ascension Island (MANNING & CHACE, 1990), coast of Sene-
gal (WIRTZ, 2011), and the Gulf of Guinea islands from Annobon (CROSNIER, 1971, as
H. grabhami), and Sao Tomé and Principe (WIRTZ, 2004).

Overall, specific works on the cleaning behaviour of L. grabhami are scarce. The
cleaning activity of L. grabhami was first reported by LIMBAUGH et al. (1961) in Lyford
Cay (Bahamas). Posteriorly, the habitat, type of associations and cleaning activity were stud-
ied by CRIALES & CORREDOR (1977) and CRIALES (1979) in Santa Marta Bay (Colom-
bia), this work reported the larger number of client fish. In the Eastern Atlantic, there are not
specific studies on the cleaning behaviour of L. grabhami. Van TASSELL et al. (1994) re-
ported the cleaning activity of L. grabhami in the Canary Islands, and its interactions with
five fish species. WIRTZ (1997) studied the crustacean symbionts associated with the sea
anemone Telmatactis cricoides (Duchassaing, 1850), and pointed out that L. grabhami is
generally found in association with this anemone at Madeira and the Canary Islands.

2. MATERIAL AND METHODS

A literature review was made to check for previously clean interactions between L.
grabhami and client fish species. The systematic arrangement of the present account of
fish species followed NELSON (2006), and their taxonomic status was assigned accord-
ing to ESCHMEYER (2015) and FROESE & PAULY (2015). Recreational or professional
scuba diving focused on biodiversity observations and underwater photography proved
useful instrumental in providing information about the presence and distribution of inver-
tebrates and fish fauna, including the most easily overlooked species (RIOLO & BETTI,
2015). The fish and shrimps were observed during a scientific diving at ‘El Cabrén’, East-
ern of Gran Canaria, 27°58’N 15°36°W, June 2015, in a complex rocky reef with numer-
ous crevices, holes and cavities, 8-10 m depth. Sea surface temperature during the
observation was 21.5°C.

3. RESULTS

The literature review reported 49 fish species belonging to 15 families as clients of
Lysmata grabhami (Table 1). The families with more number of client species were Mu-
raenidae, Serranidae, Pomacentridae and Acanthuridae. Both sides of the Atlantic showed
similar number of species (23 Eastern vs 28 Western Atlantic) (Figure 1). Nevertheless,
the pool of species at both sides was different, species of Torpedinidae, Dasyatidae and
Tetraodontidac were exclusive of the Eastern Atlantic; while Apogonidae, Lutjanidae,
Chaetodontidae, Pomacanthidae and Ostraciidae were exclusive of the Western Atlantic;
only two species were shared Myripristis jacobus and Chromis multilineata (see Table 1 and
Figure 1). Muraenidae showed the large difference in number of species between both sides
of the ocean (8 Eastern vs 2 Western).

Two specimens of L. grabhami, ca. 5-7 cm, and one of M. fusca, ca. 30 cm TL,
were observed on a rocky bottom inside a small cave (Figure 2). Initially, the island grouper
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was resting on one side over the bottom of the cave, and both specimens of L. grabhami
were cleaning on the side of the body. When they detected the diver light, the island grouper
woke up.

4. DISCUSSION

Interactions between Lysmata grabhami as cleaner shrimp and many fish species as
clients have been documented in different biogeographic areas (see Tables 1 and 2). Nev-
ertheless, data of this work suggests that these type of interactions are rare related to fish
diversity, only a few fish species in each geographic area use the cleaning service of the
shrimp; e.g. in the Caribbean Sea, only 28 species (3.4%) of ca. 814 reef fish (FLOETER
et al., 2008); while in the Canary Islands, only 14 species (7%) of ca. 200 shore fish species
(BRITO et al., 2002) have been reported as clients.

The interaction with specimens of Muraenidae showed the high number of species,
this could be explained because individuals of this family are frequent in coral and rocky
reefs at both sides of the Atlantic Ocean, and they share the habitat with the cleaner shrimp,
i.e. small caves, holes and crevices. These factors facilitate the occurrence of the cleaning
interaction, as reported in the Caribbean Sea by CRIALES & CORREDOR (1977), and
CRIALES (1979). In the Eastern Atlantic, the association of Muraenidae with L. grabhami
was reported by VAN TASSELL et al. (1994), who found three species (Enchelycore
anatina, Gymnothorax unicolor and Muraena helena) being cleaned in the Canary I[slands.
Posteriorly, WIRTZ (1977) found that in Madeira and the Canary Islands, when L. grab-
hami is not in association with the sea anemone Telmatactis cricoides, usually is found in
association with a moray eel in the same crevice.

The island grouper is a characteristic species of the Eastern Atlantic islands. It has
been recorded from Azores, Madeira, Selvagens, Canary and Cape Verde archipelagos. Al-
though, there is a record in the Mediterranean Sea, where it is probably introduced (HEEM-
STRA et al., 2010).

The study species, Lysmata grabhami, has been shown cleaning Acanthurus
coeruleus Bloch & Schneider, 1801, Lutjanus mahogoni Cuvier, 1828, Ocyurus chrysurus
(Bloch, 1791), Bodianus rufus (Linnacus, 1758), and Epinephelus adscensionis (Osbeck,
1765) in Bonaire (Dutch Antilles) (WICKSTEN, 1995). The cleaning behaviour of L. grab-
hami has been documented on A. coerulerus in the Bahamas (LIMBAUGH et al., 1961).
This species has also been reported cleaning Acanthurus monroviae Steindachner, 1876,
Paranthias furcifer (Valenciennes, 1828), Chromis multilineata (Guichenot, 1853),
Enchelycore nigricans (Bonnaterre, 1788), Echidna peli (Kaup, 1856), Muraena melanotis
(Kaup, 1859), Holocentrus adscensionis (Osbeck, 1765), Myripristis jacobus Cuvier, 1829,
and Sargocentron hastatum (Cuvier, 1829) in Sao Tomé and Principe Islands (WIRTZ,
2003, 2004; QUIMBAYO et al., 2012). Lysmata grabhami has also been observed clean-
ing other moray species such as, Channomuraena vittata, Gymnothorax moringa, G. uni-
color and Enchelycore nigricans in Ascension Island (MORALIS et al., 2016).

In spite of L. grabhami is a widely distributed species in the Atlantic Ocean, it co-
exists with M. fusca in sympatric distribution only in Madeira, Canary and Cape Verde
archipelagos, and probably in the Selvagens Islands. The marine littoral areas of these is-
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lands are relatively well explored, and many scientific studies have been carried out, es-
pecially on marine fauna. Nevertheless, the cleaning mutualism described herein has not
been previously reported. In the Canary Islands, previously works pointed out that L. grab-
hami was observed frequently cleaning many species of fishes such as, Dasyatis pastinaca
(Linnaeus, 1758), Taeniura grabata (Geoftroy Saint-Hilaire, 1817), Torpedo marmorata
Risso, 1810, Muraena augusti (Kaup, 1856), M. helena Linnaeus, 1758, Gymnothorax uni-
color (Delaroche, 1809), Enchelycore anatina (Lowe, 1838), Mullus surmuletus Linnaeus,
1758, Epinephelus marginatus (Lowe, 1834) and Similiparma Iurida (Cuiver, 1830) (Van
Tassell et al., 1994; Gonzalez, 1995; Espino et al., 2007). However, the most common fish
clients are the damselfish, Chromis limbata (Valenciennes, 1833), and the pufferfish, Can-
thigaster capistrata (Lowe, 1839) at Madeira and the Canary Islands (WIRTZ, 1997;
WIRTZ & DEBELIUS, 2003).

M. fusca is a demersal species over rocky and rock-sand bottoms (BRITO et al.,
2002), usually found in waters around rocky-outcrops and vertical cliffs (ESPINO et al.,
2007), rarely inside caves or holes. This could explain the low level interaction with the
cleaner shrimp. However, the high number of fish species cleaned by L. grabhami in the
Macaronesian region (Canary Islands and Madeira) is partially explained by the lack of
facultative fish species that perform cleaning activities, as occurs in other regions
(MORAIS et al., 2016). In Ascension Island the cleaning interactions were mainly domi-
nated by juveniles of the facultative fish cleaners Bodianus insularis Gomon & Lubbock,
1980 and Pomacanthus paru (Bloch, 1787), followed by Chaetodon sanctaehelenae Giin-
ther, 1868 and Thalassoma ascensionis (Quoy & Gaimard, 1834) (MORAIS et al., 2016).
Isolated places such as, Ascension Island, are poorer in species than coastal reefs because
of geographic isolation, however, it provides the opportunity of plastic species to occupy
this ecological role and perform a cleaning niche.

In contrast, if considered the whole diversity of fishes from the Canary Islands and
Madeira (>200 coastal species) only a small fraction of fish are cleaned by L. grabhami.
Several reasons may explain this pattern, (i) the presence of fewer parasite species in these
archipelagos relative to other geographical regions. Former studies have shown that isolated
reefs sustain less parasite species compared to non-isolated reefs (QUERO et al., 1990); (ii)
the low complexity of reef food webs in the Canary Islands and Madeira. Complex food
webs contain higher parasite species compared to simplified food webs (LAFFERTY et
al., 2006, 2008).

Cleaning interactions between species have been so far scarcely studied, especially
in temperate rocky reefs. Records of opportunistic or symbiotic relationships between fish
and cleaners are of utmost importance to understand the interactions among species in
reefs. In oceanic archipelagos which have never had a land connection with a continent
such as, the Canary Islands and Madeira, it would be an asset for the study of symbiotic be-
haviour to report interactions between cleaners and hosts.
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Family Client fish species Location Author
Apogonidae Apagon binotatus (Poey, 1867) Santa Marta (Colombia) Criales & Corredor (1977)
Paroncheilus affinis (Poey, 1875) Santa Marta (Colombia) Criales & Corredor (1977)
Lutjanidae Lutjanus mahogoni (Cuvier, 1828) Bonaire (Netherlands Antilles) Wicksten (1995)
Ocyurus chrysurus (Bloch, 1791) Bonaire (Netherlands Antilles) Wicksten (1995)
Mullidae Mullus surmuletus Linnaeus, 1758 Canary Islands Van Tassell et al. (1994); Gonzalez (1995)
Pseudupeneus maculatus (Bloch, 1793) Santa Marta (Colombia) Criales & Corredor (1977)
Chaetodontidae | Chaetodon capistratus Linnaeus, 1758 Santa Marta (Colombia) Criales & Corredor (1977)
Chaetodon sedentarius Poey, 1860 Santa Marta (Colombia) Criales & Corredor (1977)
Prognathodes aculeatus (Poey, 1860) Santa Marta (Colombia) Criales & Corredor (1977)
Pomacanthidae | Holacanthus ciliaris (Linnaeus, 1758) Santa Marta (Colombia) Criales & Corredor (1977)
Holacanthus tricolor (Bloch, 1795) Santa Marta (Colombia) Criales & Corredor (1977)
Pomacanthus paru (Bloch, 1787) Santa Marta (Colombia) Criales & Corredor (1977)
Pomacentridae Chromis cyanea (Poey, 1860) Santa Marta (Colombia) Criales & Corredor (1977)
Chromis limbata (Valenciennes, 1833) Madeira; Canary Islands Wirtz (1997); Wirtz & Debelius (2003)
Chromis multilineata (Guichenot, 1853) Santa Marta (Colombia); Sdo Tomé; Criales & Corredor (1977); Quimbayo et al. (2012);
& Principe Islands; Ascension Island Morais et al. (2016)
Stegastes variabilis (Castelnau, 1855) Santa Marta (Colombia) Criales & Corredor (1977)
Similiparma lurida (Cuiver, 1830) Canary Islands Gonzélez (1995)
Labridae Bodiianus rufus (Linnaeus, 1758) Bonaire (Netherlands Antilles) Wicksten (1995)
Clepticus parrae (Bloch & Schneider, 1801) Santa Marta (Colombia) Criales & Corredor (1977)
Acanthuridae Acanthurus bahianus Castelnau, 1855 Santa Marta (Colombia) Criales & Corredor (1977)
Acanthurus chirurgus (Bloch, 1787) Santa Marta (Colombia) Criales & Corredor (1977)
Acanthurus coeruleus Bloch & Schneider, 1801 Bahamas; Bonaire (Netherlands Antilles) Limbaugh et al. (1961); Wicksten (1995)
Acanthurus monroviae Steindachner, 1876 Séo Tomé & Principe Islands Quimbayo et al. (2012)
Ostraciidae Lactophrys triqueter (Linnaeus, 1758) Santa Marta (Colombia) Criales & Corredor (1977)
Lactophrys sp. Bonaire (Netherlands Antilles) Wicksten (1995)
Tetraodontidae | Canthigaster capistrata (Lowe, 1839) Madeira; Canary Islands Wirtz (1997); Wirtz & Debelius (2003)
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Figure 1.- Number of fish species, grouped by family, cleaned by Lysmata grabhami in both sides
of the Atlantic Ocean.

Figure 2.- The unpreviously reported interaction between Lysmata grabhami and Mycteroperca
fusca, recorded in the Canary Islands.
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Figure 3.- Interactions between Lysmata grabhami and clients in the Canarian Archipelago. L. grab-
hami cleans the jaw of the moray eel Muraena augusti (A and B), the brown moray Gymnothorax uni-
color (C); and the fangtooth moray Enchelycore anatina (D); L. grabhami inspects the body of the
round stingray (7aeniura grabata) (E); the damselfish Chromis limbata; the gills of the striped red
mullet Mullus surmuletus (F); and a putative but not confirmed interaction between L. grabhami and
the spotfin burrfish Chilomycterus atringa.
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