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Cleaning interactions between the short fin devil ray, Mobula kuhlii, and the blue streaked
cleaner wrasse, Labroides dimidiatus, were observed at two sites on a single reef in
southern Mozambique. Cleaning interactions were filmed and described, with the number
and location of interactions recorded and subsequently binned into six distinct body
patches. Cleaners preferentially foraged within certain ray body patches, and this was
found to vary between the two sites, possibly signifying that variations in a habitats
composition can influence cleaning. Mobula kuhlii were not found to clean sympatrically
with their close relatives in the Manta genus, implying their cleaning requires a distinct
habitat or that niche partitioning is required to stem competition for host cleaner fishes
attention. In total, 15 individuals were observed interacting with cleaners, and they never
arrived alone, suggesting they may travel to cleaning areas in an aggregative manner.
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24 Abstract

25 Cleaning interactions between the short fin devil ray, Mobula kuhlii, and the blue streaked 

26 cleaner wrasse, Labroides dimidiatus, were observed at two sites on a single reef in southern 

27 Mozambique. Cleaning interactions were filmed and described, with the number and location of 

28 interactions recorded and subsequently binned into six distinct body patches. Cleaners 

29 preferentially foraged within certain ray body patches, and this was found to vary between the 

30 two sites, possibly signifying that variations in a habitats composition can influence cleaning. 

31 Mobula kuhlii were not found to clean sympatrically with their close relatives in the Manta 

32 genus, implying their cleaning requires a distinct habitat or that niche partitioning is required to 

33 stem competition for host cleaner fishes attention. In total, 15 individuals were observed 

34 interacting with cleaners, and they never arrived alone, suggesting they may travel to cleaning 

35 areas in an aggregative manner. 
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47

48 Introduction

49 The Mobula genus contains nine dramatically understudied species. Currently three are classified 

50 by the I.U.C.N. as data deficient, four as near threatened, one as vulnerable to extinction, and one 

51 as endangered (IUCN, 2015). There has been an alarming lack of scientific publications focusing 

52 on the genus, and as a result particularly little is known about their biology, behaviour or daily 

53 movements (Couturier et al., 2013). Here we provide the first description of Mobula rays 

54 interacting with cleaner organisms. 

55

56 The subfamily Mobulidae contains the Mobula as well as the two species of Manta (Ward-Page 

57 et al., 2013). Similar to the Manta species, Mobula are lowly fecund, birthing a single live young 

58 per pregnancy (Couturier et al., 2013). As a result, the targeted removal of individuals by 

59 directed fisheries has led to ubiquitous global population declines (Couturier et al., 2013). A 

60 frequently sighted species in southern Mozambique is the short fin devil ray, Mobula kuhlii, a 

61 species which is also commonly targeted by local artisanal fisherman (Couturier et al., 2013). 

62 Unfortunately, the extent with which they are targeted within the region has not been established 

63 as monitoring local artisanal fisheries is difficult along such a remote coastline and Mozambique 

64 is yet to record any landings with the F.A.O. (Ward-Paige, Davis & Worm, 2013).

65

66 While descriptions of Mobula rays’ life history are incomplete, their diurnal behavioural 

67 patterns, particularly that of nocturnal foraging, significantly resembles the manta rays (Croll et 

68 al., 2012; Couturier et al., 2013). Both the bent tail devil ray, Mobula thurstoni, and the spine tail 

69 devil ray, Mobula japonica, have been shown to feed near exclusively on euphasiids which 
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70 nocturnally migrate to shallow waters (Gadig, Namora & Motta, 2003; Croll et al., 2012). During 

71 the hours of daylight, Mobula have been reported to remain in warm, shallow waters (Croll et al., 

72 2012). Temperature can significantly influence poikilotherm physiological processes, and this is 

73 likely a key benefit to remaining in warm shallow waters, despite the decreased opportunities for 

74 foraging (Hochachka and Somero, 2002). Migrations inshore could also be attributed to social 

75 interactions, predator avoidance or their need to visit cleaning stations (Dewar, Mous & 

76 Domeier, 2008; Marshall, 2009; O'Shea, Kingsford & Seymour, 2010). 

77

78 Cleaning ecology describes the interactions between client species and specialised cleaner 

79 organisms. Manta rays, the closest living relative to the Mobula species, are regularly observed 

80 interacting with cleaner fish hosts at aggregation sites worldwide (Dewar, Mous & Domeier, 

81 2008; Marshall, 2009;  O'Shea, Kingsford & Seymour, 2010). They, in addition to a diverse set 

82 of client species, regularly visit reef systems to have mucus, algal build-up, necrotic tissue and 

83 ectoparasites removed by the cleaners (Grutter and Bshary, 2003). The most studied marine 

84 cleaner species is Labroides dimidiatus, the blue streaked cleaner wrasse. The wrasse primarily 

85 forages on ectoparasites, and preferentially targets gnathiid isopods (Grutter, 1997; Grutter and 

86 Poulin, 1998; Grutter and Bshary, 2003). The blue streaked wrasses presence on reefs has been 

87 shown to both increase species diversity and positively influence client health (Grutter, Murphy 

88 & Choat, 2003; Ros et al., 2010). Herewithin, we provide the first description of mobula rays 

89 being serviced by the blue streaked cleaner wrasse. 

90

91

92 Materials and Methods
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93 Following numerous opportunistic encounters and reports from dive operators where mobula 

94 rays were observed soliciting cleaning interactions at a shallow reef in the Inhambane Province, 

95 5.17 hours of SCUBA dive transects (n = 7) were conducted to survey for established cleaning 

96 stations. The study reef, colloquially named “Two Mile”, is located within the Bazaruto 

97 Archipelago National Park, which is situated in the northern extent of the Inhambane province of 

98 southern Mozambique. 

99

100 Subsequently, across two days and five separate S.C.U.B.A. dives, three and a half hours were 

101 spent recording cleaning interactions between Mobula kuhlii and Labroides dimidiatus (Fig. 1). 

102 Observations were split between two sites on ‘Two-Mile Reef’.  Between low and mid tide, the 

103 two sites are separated by a rocky ridge breaking the water’s surface. One hour and five minutes 

104 were spent observing cleaning interactions at Fish Bowl, which sits at a depth of 8-14m on the 

105 leeward side of the reef. Two hours and twenty five minutes were spent observing cleaning 

106 interactions at Devil's Dance, which lies on the reefs seaward side at a depth of 16-20m. All 

107 research was conducted under approval of the National Administration of Conservation Areas 

108 (Department under the Environment Ministry of Mozambique) and was ethically approved by 

109 the Marine Megafauna Foundation. 

110

111 During dives, two observers were present. One video-recorded the cleaning interactions, while 

112 the other positioned themselves on the edge of visibility to avoid influencing behaviours, but 

113 remaining accessible for safety. Videos were downloaded, replayed frame by frame, and 

114 interactions documented. A single interaction was characterised by a cleaner’s mouth making 
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115 contact with the ray’s body. The location of each interaction was noted on a template of a M. 

116 kuhlii rays’ body, and then binned within the six ray body patches for analysis (Fig. 2). 

117

118 Statistical analysis was performed within R statistics (R version 3.1.3: "Smooth Sidewalk"). Chi 

119 squared testing was used to examine if interactions between the cleaner wrasse and rays differed 

120 from a uniform distribution between the six body patches and if interaction distributions varied 

121 between the two sampled sites. 

122

123

124 Results

125 Mobula kuhlii are regularly encountered in southern Mozambique. Despite the authors, and other 

126 members of their team, completing 1,853 survey dives in the region (2003-2015) including the 

127 intensive surveillance of 10 inshore reefs known to host manta cleaning stations, no Mobula 

128 species have ever been seen interacting with cleaner fish other than on the single reef monitored 

129 in this study.

130

131 Preliminary surveying transects (n =7) were conducted on both the ocean, and lee, side of the 

132 study reef to identify established cleaning stations. Rays were only present on three of these 

133 initial transects but when present had a mean sighting of 3.67 ± 2.66 (mean ± SE). During this 

134 period of surveying, 11 Mobula kuhlii were observed cleaning in two specific areas of the reef 

135 known locally as ‘Fish Bowl’ and ‘Devil’s Dance’. At a later stage, during focal dives (n = 5) to 

136 observe cleaning behaviour, 15 individuals were observed interacting with cleaners. On two of 
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137 the dives rays were absent but when present the mean sighting was 5 individuals ± 0.58 (mean ± 

138 SE) per dive. 

139

140 The recorded cleaning bouts at the monitored cleaning stations lasted for a mean time of 162s ± 

141 32s with the rays receiving direct cleaning interactions from the host fish for 67s ± 15s (mean ± 

142 SE). During cleaning bouts, the rays spent a large proportion of their time repositioning 

143 themselves in order to pass over spatially finite areas of the reef (t = 95s ± 23s, (mean ± SE)). A 

144 maximum of three rays were observed receiving simultaneous interactions, despite six being 

145 contemporaneously present. 

146

147 The distribution of interactions varied significantly between the six body patches (x2 = 23.419, df 

148 = 5, p < 0.001). Overall, cleaners seemed to favour ventral patches, with the body patch 

149 receiving the highest absolute number of interactions (Fig. 5). Across the dorsal surface, the head 

150 patch received the most interactions from cleaner fish (Fig. 3). 

151

152 Cleaner individuals also varied their patch specific foraging between the sampled sites (x2 = 

153 42.895, df = 5, p < 0.001). At Devil's Dance, all six patches received interactions. The majority 

154 were concentrated in the two head patches whilst the ventral body also received a relatively high 

155 number of interactions (Fig. 4). The interactions recorded at Fish Bowl were much less evenly 

156 distributed between the patches and were highly dominated by the two pelvic patches (Fig. 4).

157

158

159 Discussion
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160 As cleaning interactions provide individuals with tangible health benefits, it is widely regarded 

161 as an important aspect of a species life history (Ros et al., 2010). Cleaning behaviour has not 

162 previously been investigated for a Mobula species, however several reports describe both of their 

163 close relatives in the Manta genus cleaning habitually (Dewar, Mous & Domeier, 2008; 

164 Marshall, 2009; O'Shea, Kingsford & Seymour, 2010). During this study in southern 

165 Mozambique we observed Mobula kuhlii soliciting interactions from the blue streaked cleaner 

166 wrasse. These initial observations are both unique to the region and are the first time cleaning 

167 interactions similar to those commonly seen in manta rays have been reported for a Mobula 

168 species. 

169

170 Despite almost 2,000 research dives being completed in the region across 13 years mobula rays 

171 have only ever been seen cleaning on this single reef. Intensive research has shown that manta 

172 ray species display distinct preferences for the reefs within the region that they visit to be 

173 serviced by cleaners (Marshall et al., in prep). However, despite regular surveys of over 10 major 

174 reef systems in the local area with established cleaning stations for manta rays, Mobula were 

175 never seen to solicit cleaning from host cleaner fish in these areas. It is likely that either mobula 

176 rays have their own, distinct, preferences for the reefs they visit to solicit cleaning services or 

177 they purposefully are partitioning their habitat to avoid competition with these larger rays 

178 species.

179

180 On the study reef in the Bazaruto Archipelago National Park Mobula kuhlii is commonly 

181 encountered and regularly observed being cleaned by host fish. Exhaustive survey work in the 

182 immediate area (40 km on either side of this particular reef) has failed to produce similar 
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183 observations. Studies have shown that clients have the ability to recognise a cleaning station, and 

184 then regularly return to it; a phenomenon often linked with the quality of the cleaning received 

185 (Tebbich, Bshary & Grutter, 2002). Variations in quality most likely arise from varying cleaner 

186 species abundance and composition, and propensity of cleaners to cheat (removal of non 

187 beneficial items by cleaners). Since L. dimdiatus is a true cleaner and is abundant throughout the 

188 surveyed sites, i.e. not a limiting factor in reefs shallower than 50 meters, reef preferences may 

189 rather be influenced by variations in topography and conditions, which may affect the range of 

190 movement of the cleaners and the quality of the service the cleaners can provide. Reef preference 

191 may also simply be a result of the reefs proximity to key habitats such as foraging grounds. 

192

193 Group, or social, behaviour has been proposed as an important aspect of a manta ray's life history 

194 (Deakos, 2010a). Being part of a group is generally thought to increase a species awareness of 

195 predators and result in a greater probability of avoidance (Magurran, 1989; da Silva and Terhune, 

196 1998). As of yet, no investigations have focused on Mobula ray group behaviour. Mobulidae 

197 species have no form of parental care, and so any groupings are likely not driven by familial 

198 bonds, meaning individuals congregate opportunistically or as part of a roving clade (Deakos, 

199 2010b). During this preliminary study, no ray arrived at the designated cleaning stations alone, 

200 indicating they travel to cleaning areas as part of a structured group of some kind.  Despite 

201 several rays being present around the cleaning station at once, individuals did not receive 

202 simultaneous interactions from the cleaners. So while social groups may navigate to cleaning 

203 stations together, it initially appears that at least the two monitored cleaning stations have a 

204 carrying capacity limiting the number of individuals that can be serviced at any one time. Certain 

205 individuals were noted to ‘take turns’ being cleaned, while other rays, that did not receive 
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206 cleaning services at all, appeared to wait in the vicinity for others to be finished before together 

207 moving away from the area.

208  

209 Whilst on the cleaning station, individuals spent more of their time circling than actually 

210 cleaning in order to continually pass over specific areas of the reef where the cleaner hosts were 

211 aggregating. These observations suggest that at least the cleaning stations on this reef may be 

212 located in quite spatially finite regions, defined by the host fish themselves. The cleaners did not 

213 follow the rays into the water column, instead remaining within their territories until the ray 

214 returned, suggesting they themselves dictate the areas within which the rays can clean, a fact that 

215 has been proposed in previous cleaning studies (Nakashima et al., 2000; Tebbich, Bshary & 

216 Grutter, 2002). As ram ventilators (Correia, Graca & Hirofumi, 2008), mobula rays like manta 

217 rays are obligated to continually swim, meaning they are unable to hold position above a cleaners 

218 territory for long periods of time. This biological requirement, when coupled with the spatial 

219 limitations of cleaning areas, possibly limits the efficiency of the service and may dictate where 

220 this species is able to clean and under what conditions. 

221

222 The distribution of cleaning interactions varied significantly between the two sites of the reef. 

223 The most obvious variations between the sites appeared to be their topography and substrate 

224 cover. Fish Bowl’s benthos was covered with a bed of soft coral interspersed with loose rock, 

225 whilst Devil's Dance consisted of many large rocky outcrops encrusted with hard corals. Such 

226 differences likely influence the range and behaviour of the cleaner fish, and may alter both the 

227 wrasse’s approach and their effectiveness as cleaners. Although no differences were noted during 
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228 our observations, varying environmental conditions, such as current strength, may also limit the 

229 cleaners movements, and may contribute to observed variations. 

230

231 A fish’s ectoparasite load positively correlates to body surface area and may be linked to the time 

232 a species is required to clean (Grutter, 1995; Sikkel, Fuller & Hunter, 2000). Descriptions of 

233 Manta alfredi cleaning have shown on average they clean for approximately twice the amount of 

234 time than the M. kuhlii observed within this study (Marshall et al., in prep). With surface areas 

235 orders of magnitude smaller than those of manta rays M. kuhlii may have much lower 

236 ectoparasite loads, which in turn may decrease the time and frequency of their cleaning 

237 requirement. Also unlike manta rays which are noted to be cleaned by a wide variety of cleaners 

238 (Marshall, 2009; O’Shea et al. 2010), Mobula kuhlii was only attended by a single cleaner 

239 species despite several known manta ray cleaners being present on the reef. If individual Mobula 

240 do indeed have low ectoparasite loads relative to an average manta ray, they may be perceived as 

241 less energetically rewarding clients for cleaner fish, perhaps explaining why interactions were 

242 only received from the small bodied, obligate cleaner, L. dimidiatus. With some studies 

243 indicating that cleaner fish species preferentially target certain parasite types (Marshall, 2009; 

244 Oliver et al., 2011), an alternate explanation may be that the parasites that these rays commonly 

245 possess may be favoured by this cleaner species explaining why they are attended solely by L. 

246 dimidiatus.

247

248 Cleaner fish should target body regions representing the most efficient foraging opportunities 

249 (Oliver et al., 2011). L. dimidatus has previously been shown to qualitatively assess a foraging 

250 opportunity and preferentially target it (Grutter, 1997). An uneven between-patch energy reward 
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251 may explain why the wrasse favoured certain body patches in M. kuhlii. The ventral body patch 

252 received the highest number of interactions suggesting the area may represent high quality 

253 foraging for the cleaners. The level of attention that this patch received may also have been 

254 exacerbated by the cleaner fish’s approach from a benthic territory or by the patches relatively 

255 large surface area (Tetsuo, 1984; Green, 1994). However, as the vast majority of the recorded 

256 interactions were concentrated around the gill slits, the cleaners were more likely selectively 

257 targeting this region. Gnathiid isopods form the vast majority of L. dimidiatus’s diet, and manta 

258 rays are known to host dense aggregations of these parasites in their gill slits (Grutter and Poulin 

259 1998; Marshall, 2009). It is quite possible that the observed M. kuhlii may also have high 

260 gnathiid isopod loads in their gills, influencing the cleaners to forage in this area. 

261

262

263 Conclusions

264

265 Cleaning has never previously been investigated for a Mobula species. As their closest relatives, 

266 the giant and the reef manta ray (Manta birostris, Manta alfredi) extensively clean at inshore 

267 reefs, it is reasonable to assume that Mobula species seek out cleaning services as well. While 

268 this is the first reported account of cleaning in Mobula, this is likely due to lack of scientific 

269 effort. Alternatively, a variety of factors may result in these species being less heavily parasitised 

270 than manta rays requiring them to spend less time engaged in cleaning activities. It will be 

271 important to follow up on this preliminary study not just in this region or this species but across 

272 the rays in this genus. Understanding an animal's behaviour, habitat use, and movement patterns 

273 has significant implications on how it is most prudently managed. Further efforts must aim to 
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274 quantify the importance of this behaviour to mobula rays and better determine their use of 

275 inshore habitats during daytime hours. Being able to accurately describe the patterns of use of 

276 these critical inshore habitats may provide managers with the detail needed to more effectively 

277 safeguard these threatened species.  

278

279 Acknowledgements 

280

281 Many thanks go to Daniel Steuber for introducing us to the site and for Janneman Conradie’s 

282 extensive logistical support. Thanks also to the Underwater Africa volunteers for aiding in data 

283 analysis. 

284

285 References
286
287 Correia, JPS, Graca, JTC, Hirofumi, M. 2008. Long-term transportation, by road and air, of Devil-Ray (Mobula 
288 mobular), Meagre (Argyrosomus regius), and Ocean Sunfish (Mola mola). Zoo Biology. 27: 1-17.
289
290 Couturier, LIE, Marshall, AD, Jaine, FRA, Kashiwagi, T, Pierce, SJ, Townsend, KA, Weeks, SJ, Bennett, MB, 
291 Richardson, AJ. 2012. Biology, ecology and conservation of the Mobulidae. Journal of Fish Biology 80: 1075-1119.
292
293 Croll, DA, Newton, KM, Weng, K, Galvan-Magana, F, O’Sullivan, J, Dewar, H. 2012. Movement and habitat use 
294 by the spine-tail devil ray in the eastern Pacific Ocean. Marine Ecology Progress Series 465: 193-200. 
295
296 da Silva, J, Terhune, JM. 1988. Harbour seals grouping as an anti-predator strategy. Animal Behaviour 36: 1309-
297 1316.
298
299 Deakos, MH. 2010a. Ecology and social behaviour of a resident manta ray (Manta alfredi) population off Maui, 
300 Hawaii. D. Phil. Thesis, University of Hawaii. Available online: 
301 http://www.hamerinhawaii.org/resources/deakos_pdf/DeakosDissertation2010.pdf.
302
303 Deakos, MH. 2010b. Paired-laser photogrammetry as a simple and accurate system for measuring the body size of 
304 free-ranging manta rays Manta alfredi. Aquatic Biology 10:1-10.
305
306 Dewar, H, Mous, P, Domeier, M. 2008. Movements and site fidelity of the giant manta ray, Manta birostris, in the 
307 Komodo Marine Park, Indonesia. Marine Biology 155:121-133. 
308
309 Gadig, OBF, Namora, RC, Motta, FDS. 2003. Occurrence of the bentfin devil ray, Mobula thurstoni 
310 (Chondrichthyes: Mobulidae), in the western Atlantic. Journal of the Marine Biological Association of the U.K. 83: 
311 869-870. 

PeerJ PrePrints | https://doi.org/10.7287/peerj.preprints.1724v1 | CC-BY 4.0 Open Access | rec: 9 Feb 2016, publ: 9 Feb 2016



312
313 Green, AL. 1994. The early life history of Labroid fishes at Lizard Island, Northern Great Barrier Reef. D. Phil. 
314 Thesis, James Cook University. Available online: http://eprints.jcu.edu.au/27393/. 
315
316 Grutter, AS. 1995. Relationship between cleaning rates and ectoparasite loads in coral reef fishes. Marine Ecology 
317 Progress Series 118: 51-58. 
318
319 Grutter, AS. 1997. Size-selective predation by the cleaner fish Labroides dimidatus. Journal of Fish Biology 50: 
320 1303-1308. 
321
322 Grutter, AS; Poulin, R. 1998. Intraspecific and interspecific relationships between host size and the abundance of 
323 parasitic larval gnathiid isopods on coral reef fishes. Marine Ecology Progress Series 4: 263-271.
324
325 Grutter, AS, Bshary, R. 2003. Cleaner wrasse prefer client mucus: support for partner control mechanisms in 
326 cleaning interactions. Biology Letters 270: 242-244. 
327
328 Grutter, AS, Murphy, JM, Choat, JH. 2003. Cleaner fish drives local fish diversity on coral reefs. Current Biology 
329 13: 64-67.
330
331 Hochachka, PW, Somero, GN. 2002. Biochemical adaptation: mechanism and process in physiological evolution. 
332 Oxford University Press, New York, NY.
333
334 International Union for the Conservation of Nature, IUCN. 2015. The IUCN Red List of Threatened Species. 
335 Version 2015-3. http://www.iucnredlist.org. Downloaded on 10 October 2015.
336
337 Magurran, AE. 1990. The adaptive significance of schooling as an anti-predator defence in fish. Behaviour of Fish 
338 2: 51-66.
339
340 Marshall, AD. 2009. Biology and population ecology of Manta birostris in southern Mozambique. D. Phil. Thesis, 
341 University of Queensland, Australia.
342
343 Nakashima, Y, Sakai, Y, Karino, K, Kuwamura, T. 2000. Female-female spawning and sex change in a haremic 
344 coral-reef fish, Labroides dimidiatus. Zoological Science 17: 967-970. 
345
346 Oliver, SP, Hussey, NE, Turner, JR, Beckett, AJ. 2011. Oceanic sharks clean at coastal seamount. PLOS ONE, 
347 e14755.
348
349 O’Shea, OR, Kingsford, MJ, Seymour, J. 2010. Tide-related periodicity of manta rays and sharks to cleaning 
350 stations on a coral reef. Marine and Freshwater Research 61: 65-73.
351
352 Ros, AFH, Lusa, J, Meyer, M, Soares, M, Oliveira, RF, Brossard, M, Bshary, R. 2010. Does access to the blue 
353 streaked cleaner wrasse Labroides dimidatus affect indicators of stress and health in resident reef fishes of the red 
354 sea. Hormones and Behaviour. Published Online: doi:10.1016/j.yhbeh.2010.11.006. 
355
356 Sikkel, PC, Fuller, CA, Hunter, W. 2000. Habitat/sex differences in time at cleaning stations and ectoparasite loads 
357 in a Caribbean reef fish. Marine Ecology Progress Series 193: 191-199.
358
359 Tebbich, S, Bshary, R, Grutter, AS. 2002. Cleaner fish, Labroides dimidiatus, recognised familiar clients. Animal 
360 Cognition 5: 139-145. 
361
362 Tetsuo, K. 1984. Social structure of the protogynous fish Labroides dimidiatus. Publications of the Seto Marine 
363 Biological Laboratory 293: 117-177.

PeerJ PrePrints | https://doi.org/10.7287/peerj.preprints.1724v1 | CC-BY 4.0 Open Access | rec: 9 Feb 2016, publ: 9 Feb 2016



364
365 Ward-Paige, CA, Davis, B, Worm, B. 2013. Global Population Trends and Human Use Patterns of Manta and 
366 Mobula Rays. PLoS ONE 8(9):e74835 [doi:10.1371/journal.pone.0074835].
367
368
369

PeerJ PrePrints | https://doi.org/10.7287/peerj.preprints.1724v1 | CC-BY 4.0 Open Access | rec: 9 Feb 2016, publ: 9 Feb 2016



1
A Mobula kuhlii interacting with Labroides dimidiaus individuals during a pass over a
cleaning station on the site “Devils Dance”.
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2
The body patches that recorded cleaning interactions between Mobula kuhlii and
Labroides dimidiatus were binned within.
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3
The mean number (± SE) of interactions that a ray’s body patch received from cleaners.

Light bars denote the ventral surface, and dark the dorsal. [b]
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4
The mean number (± SE) of interactions a ray’s body patch received from the cleaner
fish Labroides dimidiatus.

Light bars symbolise the reef “fish bowl”, and dark “Devil's dance”.

PeerJ PrePrints | https://doi.org/10.7287/peerj.preprints.1724v1 | CC-BY 4.0 Open Access | rec: 9 Feb 2016, publ: 9 Feb 2016



5
Recorded cleaning interactions between the fish Labroides dimidiatus and Mobula kuhlii.

The origin of a line represents the point at which contact occurred. Red lines represent the

site “Fish Bowl” and black lines the site “Devil's Dance”.
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