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Abstract 
Cleaning symbioses are a well-studied mutualism among marine species. However, the 

interactions occurring between cleaner fish and sharks are lacking in research, which makes it 

a target for further investigation. With this study, intentions were to analyse the behaviour of 

two kinds of cleaner species, bluestreak cleaner wrasse (Labroides dimidiatus) and moon 

wrasse (Thalassoma lunare), to be able to distinguish differences in cleaning behaviour on 

pelagic thresher sharks (Alopias pelagicus). A total of 68,4 hours of video was recorded on 

the edge of a seamount outside of Malapascua, called Monad Shoal, during 18 days in January 

2018. The number of interactions were divided into two categories, where the behaviour was 

classified as an inspection or a bite and could occur on different patches of the sharks’ body 

(head, gills, body, dorsal, pectoral, pelvic or caudal fin). In total 118 events occurred which 

comprised in total 4079 interactions from the two cleaner species. Of these interactions 3626 

were considered inspections and 453 were bites. Bluestreak cleaner wrasse conducted 3598 of 

the inspections and 28 of the inspections were conducted by the moon wrasse. All bites were 

conducted by bluestreak cleaner wrasses. The results indicated a preference in patches of the 

body to inspect, where the pelvis got the most inspections on 34,1 %, followed by the pectoral 

fins on 22,8 %. The dorsal fin and the gills accounted for the least number of bites, with 1,3 % 

on the dorsal and 1,4 % on the gills. Furthermore, a difference in inspected patches between 

males and females were discovered, where females got significantly more inspections on their 

head, gills, body, dorsal and pectoral fin. The pelvis and caudal fin did not show any 

significant differences.    
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1. Introduction 
Interspecific mutualism is a common phenomenon, where various species share interactions 

for mutual beneficial purposes. In marine habitats this mostly refers to the interactions 

between a cleaner, commonly a small fish or a shrimp, and a typically larger client, and can 

be described as two distinct kinds of symbioses (Cote 2000). The first one can be described as 

incidental cleaning, where the cleaner searches for food (e.g. debris, invertebrates, or 

epiphytic algae) on the outside of the body of a client in the same way they would forage for 

food in a substrate (Cote 2000). The second type of cleaning symbiosis is the type that 

requires a change or adaptation in behaviour or morphology to be able to occur, which is the 

type of symbiosis this report will focus on and which will further be referred as cleaning 

interactions (Cote 2000).  

Much is already well studied regarding cleaning interactions between cleaners and clients, but 

little is known about the interactions where sharks are the client. Aside from controlling 

health among clients, cleaners are also known for structuring ecological communities, since 

cleaner fish presence to be correlated with the distribution of coral reefs (Bshary 2003). By 

understanding these interactions, we can develop ideas how the sharks and cleaner fish utilize 

these and similar habitats, which is a key for further conservation and management. 

The bluestreak cleaner wrasse (Labroides dimidiatus) is a viable species with abundant 

populations throughout the Indo-Pacific Ocean. Preferred habitats are usually reefs and coral-

rich areas down to 40 meters of depth (Shea & Liu 2010). The species is mostly known for its 

cleaning behaviour, where it combines foraging with a benefit for another larger species by 

removing ectoparasites and can remove more than 1000 ectoparasites every day from clients 

(Grutter 1994). All the species within the genus Labroides are cleaning species but the 

bluestreak cleaner wrasse was the first one to be discovered (Cote 2000). A common habitat 

and home range for a bluestreak cleaner wrasse is a cleaning station, which is usually 

occupied by a pair, group of juveniles, or a single male with a group of females (Cornic 

1987).  

The moon wrasse (Thalassoma lunare) is not considered an obligate cleaning species to the 

same extent as the bluestreak cleaner wrasse but is known to occasionally perform cleaning 

interactions on some clients. The species usually lives solitary or in groups and can be found 

on coastal reefs, lagoons, and reefs protected from open seas (Myers 1991; Allen & Erdmann 

2012). When the moon wrasse is not foraging by cleaning interactions, it feeds on 

invertebrates and fish eggs (Westneat 2001).  

The pelagic thresher shark (Alopias pelagicus) is an oceanic species listed as vulnerable 

globally according to the IUCN red list, which is a result of prominent levels of human 

exploitation and increased fishing (Reardon et al. 2009). It is believed to be circumglobal, 

living offshore in tropical and subtropical waters (Drew et al. 2015). However, it is easily 

confused with the common thresher (Alopias vulpinus), which makes the distribution difficult 

to predict for the pelagic thresher shark, but it can frequently be spotted in the Indo-Pacific 

Ocean (Anderson et al. 1998). Due to its slow life history characteristics, like many other 

shark species, pelagic thresher shark populations have low capacity in recovering a population 

decline. It is a target for longline fishing and caught as bycatch in tuna fishing, and during 

2014 approximately 5839 tonnes of thresher sharks (Alopias sp.) were fished (FAO 2018). 

Pelagic thresher sharks usually live their modest lives at a depth of 200 meters but have for 

the last two decades been observed around a shallow seamount outside of Malapascua, called 

Monad Shoal (Oliver et al. 2011). This seamount is a hotspot for a large biodiversity, 

attracting the pelagic thresher shark to interact with various kinds of cleaning fish. This type 

of interaction is alleged to be a form of mutualism, where cleaning fish, in this case bluestreak 
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cleaner wrasse (Labroides dimidiatus) and moon wrasse (Thalassoma lunare), are controlling 

infections by eating small ectoparasites from the thresher shark’s body (Grutter, 1999). 

Cleaner fish is an important key for a functional ecosystem within reefs, where the presence 

of a species, like the bluestreak cleaner wrasse, increases the diversity in fish species (Bshary 

2003). 

The interaction between a cleaner and a client refers to a removal of either bacteria, tissue, 

small particles or ectoparasites by a cleaner from a client’s body, which can be more (e.g. 

head or caudal fin) or less (e.g. gills and pelvis region) accessible body areas (Feder 1966). 

The interactions usually occur at places called cleaning stations, which frequently arise in a 

cleaner’s home range, although some cleaners prefer to not have fixed cleaning stations 

(Youngbluth 1968; Itzkowitz 1979). Drifting objects could also be considered a non-fixed 

pelagic cleaning station (Gooding 1964).  

  

Figure 1. A pelagic thresher shark posing at a cleaning station on Monad shoal (left) and 
two bluestreak cleaner wrasse inspecting the caudal fin and pelvis on a pelagic thresher 
shark (right). 

In this study, interactions are divided into inspections or bites, where an inspection indicates a 

behaviour where a cleaner fish clearly is approaching a client and searching for food and a 

bite indicates contact between cleaner mouth and client body with a purpose of feeding 

(removing an ectoparasite, tissue or mucus). 

In order to start a cleaning interaction a cleaner performs a dance to attract a client (Randall 

1958; Potts 1973; Gorlick et al. 1978). The client responds to the cleaner by posing (fig. 1), 

which indicates that the client wants to be cleaned by the cleaner. The pose from a client is 

species-specific but usually includes immobility, spreading of fins, or change in body posture 

(Losey 1971; Cote et al. 1998; Oliver et al. 2011). The characterizing pose used by the 

pelagic thresher shark is a combined change in swimming behaviour and body posture, where 

it starts to swim in a circular movement and lowering its caudal fin (Oliver et al. 2011). A 

cleaner can then decide to start a cleaning interaction by inspecting the body (fig. 1) which 

can be followed by bites.  

Like many other sharks, the pelagic thresher shark is a large host to various kinds of 

ectoparasites, which can affect the health and wellbeing of the shark (Oliver et al. 2011). 

Helminths, parasitic worms, are parasites that are common in a cleaner fish diet combined 

with gnathiid isopods, which probably contribute to the required food intake per day (Grutter 

1995; Cote 2000). However, previous observations suggest that ectoparasites from the class 

Digenea are a common parasite located on the sharks, particularly around the pelvic region, 
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which indicates that they also are an important part of the cleaner fish diet (Oliver et al. 

2011). Some previous studies have revealed that cleaner fish also have preferences in body 

patches to clean, with a high proportion around the pelvic region, which contributes to high 

quality food patches where parasites are site-specific (Oliver et al. 2011).  

A laboratory study made by Bshary and Grutter (2002) indicated that cleaner fish actively 

search for parasites on the client’s body, instead of opportunistically eating various 

components (e.g. mucus, scale or skin) and accordingly are selective in their removal. This is 

a behaviour that most likely is preferred by the client, since skin- or mucus removal can 

contribute to extra costs for the client. However, “cheating” can occur between cleaner and 

client, where cleaners forage on costly parts for the clients and/or the clients interrupt the 

cleaning by feeding on the cleaner (Lobel 1976). Thus, game theory models are indicating 

that honesty is the most profitable strategy for clients, compared to cleaners where honesty 

only is profitable if the client is rich in ectoparasites (Poulin & Vickery 1995). 

 

Figure 2. Thresher shark body divided into patches. 

The aim with this study is to investigate the relationship between the pelagic thresher sharks 

and two species of cleaner fish, blue streak cleaner wrasse and moon wrasse, at a cleaning 

station located on Monad Shoal. The objective is to investigate whether the cleaners have 

differential preferences in cleaning of the client’s body, dependent on patch location (head, 

gills, dorsal fin, pelvic fins, body, pelvis fins and caudal fin) (fig. 2), since previous studies 

have shown preferences in body locations for cleaner fish (Bshary & Grutter 2002; Oliver et 

al. 2011). Results by Oliver et al. (2011) suggests that the two species of cleaner fish have 

preferences to forage in the pelvic region of the pelagic thresher shark.  

Possible preferences in patches will be analysed for patch area size, to see if increased number 

of interactions in a patch is dependent on the size of the patch. If the number of interactions 

would be dependent on random chance rather than a preference in a specific patch, we would 

expect to have the largest number of inspections on the patch “body”, since that patch area 

contributes to the largest size. Furthermore, investigations will be made to see if cleaners 

differ in patch preference dependent on sex of the client, and if so, what patches do differ 

between the two sexes.  
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2. Method 

2.1 Location 
The data were collected at a 4,5 km2 large underwater seamount called Monad Shoal, located 

to the east of Malapascua Island, Cebu, in the Philippines (fig. 3). The seamount consists of a 

large plateau at its top with depths around 15-25 meters, surrounded by a partly coral covered 

wall of various levels. In this study, the chosen location was a cleaning station located on the 

northeast part of the seamount wall, approximately 30 meters deep depending on the tide. The 

cleaning station was cordoned with a marking line and concrete blocks, creating a passing 

limitation for SCUBA-divers. A pilot study was conducted during December 2017 to be able 

to select a suitable location in situ.  

 

Figure 3. A map over Monad Shoal (to the left) with a red dot indicating approximate 
placement of camera and a map showing Monad Shoal in relation to Malapascua and 
other surrounding islands (to the right) (Pictures by BlueNomads.org).  

2.2 Sampling 
A non-baited GoPro Hero 3+ camera with underwater housing was deployed on one concrete 

block at the cleaning station, with the lens angled towards the cleaning station. The camera 

was deployed by SCUBA-diving in the morning between 06:10 to 11:30 a.m. for a total of 18 

days during January 2018. The sampling time varied between 1.5 hours up to 8 hours per day, 

dependent on the battery capacity of the camera and weather conditions. Deployment time 

was noted once the camera got started. The camera was recording in 1080 p and 30 frames per 

second. The recorded data was automatically divided into 19.53 and 26.04 minutes long video 

files.  

2.3 Distinguishing of behaviour and species 
The two observed behaviours for the cleaners were inspection and bite. An inspection started 

when a cleaner fish clearly changed direction towards a client, in approaching purposes. The 

cleaner’s behaviour was not associated to distance from the clients, but rather a change in 

swimming speed and angle of the body in relation to the client. A bite specifies contact 

between cleaner mouth and client body with a purpose of feeding (removing an ectoparasite, 

tissue or mucus). The interaction started when the cleaner’s mouth touched the clients body 

and ended when the contact ceased. An inspection or bite ended when a cleaner moved its 

body from one spot to another but did not have to indicate a change between patches. 

Distinguishing between cleaner species was done by body shape and colour, where the 

bluestreak cleaner wrasse displayed a sleeker expression with lighter coloration compared to 

the moon wrasse. Since cleaner fish behaviour have rapid movement patterns, the time spent 
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at each body part was assessed as the number of frames in which the activity appeared. The 

interacted body part was noted with a starting frame-number and an ending frame-number. 

2.4 Analysing 
The videos were analysed in VirtualDub 1.10.4 (www.virtualdub.org), where they were 

divided into events. To be classified as an event, one or more sharks needed to be present on 

screen. One event started once one or more sharks entered the screen and ended when the last 

shark exited the screen and no sharks were present and/or visible on screen. One event could 

accordingly include more than one shark and did not take individuals or sex into account. If a 

shark entered the screen again within 5 minutes after the last shark was visible on the screen, 

it was considered to be the same event, a method consistent with a previous study by Oliver et 

al. (2011).  

A log-linear model with Poisson distribution was used to investigate differences in the 

number of inspection and bite distributions between patches among the cleaning events. 

To be able to investigate sex differences between sharks, the events were divided into a new 

category defined as portions, where one portion applied to one shark. This category did only 

include one individual shark, where sex could be decided. The sex was decided on presence or 

absence of claspers. If one shark exited the screen and one shark entered the screen again 

within five minutes, it was considered to be the same sex if, and only if, the same individual 

characteristics could be distinguished between the different observations, unless the same sex 

could be perceived. To investigate whether number of cleaner inspections varied by sex of 

shark, a log-linear model was employed, which tested for equal distribution of inspections 

among patches while taking sex into account to investigate if it has an effect. Furthermore, a 

Wilcoxon test was used to investigate where the differences in inspections of each patch were 

between the two sexes.  

To determine if patch area size influenced the number of interactions, if larger patches are 

expected to have a larger number of interactions, or if cleaner fish have preferences for 

patches independent of patch size, previously calculated proportions made by Oliver et al. 

(2011) were used. The calculations showed following patch size ratio: body 0.43, caudal 0.15, 

dorsal 0.03, gill 0.02, head 0.23, pectoral 0.09 and pelvis 0.04. A Chi2-test was employed 

with the following function: 

  

Where O is the observed counts from this data collection and E is expected count, scilicet the 

number of counts we would expect if the interactions would occur by random chance and 

therefore be dependent on the size of each patch. 

2.5 Fish survey 
A fish survey was conducted on 14 out of 18 days during the study, either an afternoon period 

or a morning and afternoon period (before deployment or/and after retrieving of camera). To 

be able to perform a fish survey, no sharks or other divers could be present, to avoid 

intimidation of sharks or obstruct the experience for other divers. The survey was performed 

with a five-meter-long transect over the cleaning station where the total number of bluestreak 

cleaner wrasses and moon wrasses were counted. The transect was limited on the length (5 

meters) and limited by visibility towards the sides, whereupon all the targeted species seen 

were counted. Only fish seen inside the transect were counted and the swimming speed of the 

observer was relative quick to avoid double counting. 
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3. Results 

3.1 Patch interactions 
In total 68,4 hours of video were recorded during which 4079 interactions occurred. Of these 

interactions 3626 were considered inspections and 453 were bites. The bluestreak cleaner 

wrasse conducted 3598 of the inspections over 118 events with an uneven distribution among 

body patches where patch area size was not taken into consideration (fig. 4) and 28 of the 

inspections were conducted by the moon wrasse. All the 453 bites were conducted by the 

bluestreak cleaner wrasse over 118 events with an uneven distribution among body patches 

where patch area size was not taken into consideration (fig. 5) and none of the bites were 

conducted by the moon wrasse.  

 

 

Figure 4. Boxplot over total number of inspections per event by bluestreak cleaner wrasse 
distributed across patches on pelagic thresher shark.  

The pelvis region had the largest number of inspections (n=1227) and the dorsal fin 

contributed to the least number of inspections (n=46) by the bluestreak cleaner wrasse. For 

the moon wrasse, the body contributed to the largest number of inspections (n=8) and the gills 

had the least number of inspections (n=1).  

 

Figure 5. Boxplot over total number of bites per event distributed by patches on pelagic 
thresher shark by bluestreak cleaner wrasse.  
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The distribution of the 3598 counted inspections conducted by the bluestreak cleaner wrasse 

was 11,4 % on the head, 1,4 % on the gills, 1,3 % on the dorsal fin, 22,8 % on the pectoral 

fins, 16,8 % on the body, 34,1 % on the pelvis and 12,2 % on the caudal fin.  

The log-linear model on number of inspections and patch for bluestreak cleaner wrasse found 

that patch contributed the greatest effect (LRT6 = 2322.64, p >0.0001) (table 1) as well as the 

log-linear model testing for number of bites (LRT6 = 682.40, p >0.0001) (table 2).  
 

Table 1. Log linear model over number of inspections for bluestreak cleaner wrasse tested 
for patch. 

Function DF Deviance Mean Deviance Sig 

Shark 117 58.24 0.50 2.319e-14  

Patch 6 2322.64 387.11 < 2.2e-16 

Residual 818 
 

3837.70 

.5 
4.69  

Total 825 6218.60 7.54  

 

Table 2. Log linear model over number of bites for bluestreak cleaner wrasse tested for 
patch. 

Function DF Deviance Mean Deviance Sig 

Shark 117 41.39 0.35 1.25e-10 

Patch 6 682.40 113.73 < 2.2e-16 

Residual 818 
 

917.89 

 
1.12  

Total 825 1641.68 1.99  

 
Interactions between moon wrasse and pelagic thresher shark occurred at nine events. The 

log-linear model on number of inspections dependent on patch and shark for moon wrasse 

found that patch did not contribute to a significant effect (LRT6 = 11.113, p =0.08496) (table 

3). Since no bites were conducted by the moon wrasse, it was not tested for patches 

 

Table 3. Log linear model over number of inspections for moon wrasse controlling for 
patch. 

Function DF Deviance Mean Deviance Sig 

Shark 8 103.392 12.924 <2e-16 

Patch 6 11.113 1.85 0.08496 

Residual 818 
 

99.975 

 
0.12  

Total 825 214.479 0.26  

 

The total time spent inspecting per patch by bluestreak cleaner wrasse was 662.33 seconds on 

head, 49.03 seconds on gills, 61.90 seconds on dorsal fin, 1946.87 second on pectoral fins, 

851.43 seconds on the body, 2403.97 seconds on the pelvis and 648.00 seconds on the caudal 

fin (fig. 6).  
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Figure 6. Total time spent inspecting in seconds distributed by patches on pelagic thresher 
shark by bluestreak cleaner wrasse. 

The total time spent biting per patch by bluestreak cleaner wrasse was 13.20 seconds on head, 

2.27 seconds on gills, 2.10 seconds on dorsal fin, 33.30 second on pectoral fins, 9.93 seconds 

on the body, 513.00 seconds on the pelvis and 6.87 seconds on the caudal fin (fig. 7). 

 

Figure 7. Total time spent biting in seconds distributed by patches on pelagic thresher 
shark by bluestreak cleaner wrasse. 

The mean time spent inspecting each patch per event by bluestreak cleaner wrasse was 1.62 

seconds on head, 0.98 seconds on gills, 1.35 seconds on dorsal fin, 2.37 second on pectoral 

fins, 1.41 seconds on the body, 1.96 seconds on the pelvis and 1.47 seconds on the caudal fin. 

The mean time spent biting each patch per event by the same species was 0.44 seconds on the 

head, 0.23 seconds on the gills, 0.35 seconds on the dorsal fin, 0.48 seconds on the pectoral 

fins, 0.38 seconds on the body, 0.50 seconds on the pelvis and 0.34 seconds on the caudal fin. 

3.2 Patch sex interactions 
The 118 events were divided into 141 portions, where 58 of these were interactions occurring 

on females, 35 were interactions on males and 48 were defined as unknown sex. The 

inspection count showed a significant effect between patch and sex (LRT12 = 45.64, 

p>0.0001) (table 4). The females had slightly more inspections on their body (p=0.0171), 

pectoral fins (p=0.0039), gills (p=0.0085), head (p=0.0484), and dorsal fin (p=0.0367). The 
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results showed no significant differences between males and females on the caudal fin 

(p=0.1896) and pelvis (p=0.6112).  

Table 4. Log linear model for the mean counts of inspections by bluestreak cleaner wrasse 
per patch dependent on sex. 

Function DF Deviance Mean Deviance Sig 

Patch 92 2090.14 22.719 < 2.2e-16 

Patch x Sex 12 45.64 3.803 3.487e-08 

Residual 636 2307.1 3.628  
Total 650 4629.0   7.122  

 

The inspection counts by bluestreak cleaner wrasse showed an uneven distribution among 

patches on the two sexes, where the most inspections occurred on pelvis and the least 

inspections occurred on the dorsal (fig. 8). 

 

Figure 8. Inspection counts by bluestreak cleaner wrasse between male and female 
thresher sharks. 

 

3.3 Patch area size test 

Results from patch area size Chi2-test indicated that the number of inspections made by 

bluestreak cleaner wrasse were not randomly selected (P<0.0001), as the most inspected patch 

was not linked with increased patch area size. If the inspections would have been conducted 

by random chance, the largest patch would obtain the largest amount of inspections, i.e. 

expected counts.  
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Figure 8. Distribution over observed and expected inspection counts by bluestreak cleaner 

wrasse.  

The body had the most expected counts of inspections, but the results revealed that the pelvis 

had the most observed counts of inspections. The gills had the least expected counts of 

inspections and the dorsal had the least observed counts of inspections (fig. 8). 

3.4 Fish survey 

The total number of bluestreak cleaner wrasse counted during the fish surveys was 47, with a 

mean number of 2,6 bluestreak cleaner wrasse per survey. Minimum number of bluestreak 

cleaner wrasse per survey was 1 and maximum number was 5. The bluestreak cleaner wrasse 

was spotted during 18 of 18 surveys. The total number of moon wrasse counted during all the 

fish surveys was 9, with a mean number of 0,5 moon wrasse per survey. Minimum number of 

moon wrasse per survey was 0 and maximum number was 5. The moon wrasse was spotted 

during 5 of 18 surveys.  

4. Discussion 
The results from this study indicate that there is a difference in cleaning behaviour at this 

cleaning station between the bluestreak cleaner wrasse and moon wrasse. Bluestreak cleaner 

wrasse had more interactions with the thresher shark than the moon wrasse, and a significant 

preference in several patches on a pelagic thresher shark is existing for the bluestreak cleaner 

wrasse. The patch area size test was consistent with previous data from Oliver et al. (2011), 

where the largest patch area size did not have the largest number of interactions. Cleaning 

interactions is a well-studied subject in marine ecology, although interactions with sharks are 

not as frequently studied. The subject by itself can be complex to investigate since the number 

of cleaning interactions may vary due to several different reasons, e.g. parasite load, fish size 

or client abundance, which are factors that are not taken into consideration for this study. The 

behaviour of both the client and cleaner can also affect the outcome of the cleaning interaction 

(Losey 1971). This means that many surrounding factors have an impact on the effect from 

the client on the cleaner and vice versa.  

Results by Oliver et al. (2011) revealed a slight difference in number of inspections between 

male and female pelagic thresher sharks. The difference in number of inspections between 
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sexes of the sharks can be difficult to explain, due to lack of previous studies regarding the 

subject. One possible, although not tested, explanation might be that females and males could 

be different in their frequency of visiting cleaning stations, where females possibly could visit 

the cleaning stations less often than males, and therefore have more parasites for the cleaners 

to clean. Since male and female sharks are relatively similar in body structure, apart from the 

pelvic area, it is less likely that the difference in the number of inspections is due to a factor 

caused by that. Instead, differences appearing could be due to behavioural factors, making it 

plausible that females are perhaps better at posing or sending out signals to cleaners allowing 

them to get cleaned. Another possible explanation might be that a behavioural difference 

between the sexes is causing a difference in parasite load on sharks, triggering the cleaners to 

interact more with the sex with a higher parasite load, in this case the females. Although, a 

study by Penadés-Suay et al. (2017), that looked closer on parasite load on shortfin makos 

(Isurus oxyrinchus), discovered no difference between males and females.  

One factor that is affecting the interactions between cleaner and client is the parasite load on 

the client’s body. A study by Gorlick (1984) suggests that cleaners have a clear preference for 

clients with larger number of parasites on their bodies. However, even though the study 

showed a clear preference in clients, the ectoparasites were the only food available for the 

cleaners, which in this case could have inflated the effect. Also, client size has been shown to 

have an impact on cleaners’ preference in cleaning. Grutter (1997) showed that cleaners spent 

more time on clients who had a larger body size. It is possible that the differences we can see 

on number of inspections between males and females is due to this, since body size is not a 

factor taken into consideration for this study. Liu et al. (1999) reveals a size difference 

between sexes at pelagic thresher sharks, where females have a larger body size compared to 

males in the same age class. Yet, it is difficult to estimate what is causing the difference, due 

to inadequate knowledge within the subject. 

Although cleaners may forage selectively for parasites, they seem to prefer the parasites 

located around the pelvis on the thresher sharks. Inspections on dead thresher sharks showed 

that the pelvis contained the largest amount of monogenea flatworm ectoparasites, but also 

that the gills are a location to find colonies of the Nemesis robusta ectoparasite, and no 

ectoparasites located on the other body patches (Benz & Adamson 1990; Oliver et al. 2011). 

Since the gills contributed to the least number of inspections after the dorsal fin, it is plausible 

that the parasites on the gills are too well hidden for the cleaners to find them, that it is too 

much of an effort to access them, or that the cleaners prefer a specific kind of ectoparasite, in 

this case the monogenea flatworm. This suggests that parasites around the pelvis are more 

readily accessible. The high number of inspections and time spent inspecting on other patches 

(e.g. pectoral fins) is not investigated further, but results may suggest that the sharks either 

have ectoparasites on these body parts while still alive, or that the inspection behaviour is not 

as well developed. Another plausible option is that they forage on mucus and skin instead of 

parasites on these parts, which have been seen as an alternate option on clients with low 

abundance of ectoparasites (Grutter 1997).  

The results from the fish survey indicates that it is a larger total number of bluestreak cleaner 

wrasses at the cleaning station compared to moon wrasses, although the two species had the 

same maximum counted number of five individuals. This suggests that the bluestreak cleaner 

wrasse is more visible than the moon wrasse, being registered during inventories more 

frequent, and a possibility that the moon wrasse is more of a timid character. However, no 
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data was recorded on individual level of the cleaners, which makes it difficult to anticipate 

sex, size or age of the population. According to both Arnal and Morand (2001) and Whiteman 

and Cote (2002), the cleaner wrasse Symphodus melanocercus and cleaner fish sharknose 

cleaning gobies (Elacatinus evelynae) spend different amount of time cleaning between the 

sexes, where females spend longer time cleaning, take more bites and get more engaged in 

cleaning compared to males. If this theory corresponds to the bluestreak cleaner wrasse, the 

number of interactions with a client would depend on the occupant composition within a 

habitat, in this case the cleaning station. For the bluestreak cleaner wrasse the cleaning 

behaviour is consistent throughout both juvenile and adult life stages, compared to the moon 

wrasse. Suggestions have been made that facultative cleaners, like the moon wrasse, perform 

more cleaning interactions when being smaller in size, which would mean that juvenile 

cleaners interact more than adults (Cote 2000), making it plausible that the moon wrasses 

registered during fish surveys are in adult stage and therefore not conduct as many 

interactions.  

Many cleaner species vary in their diet, where they occasionally feed on invertebrates in 

ambient substratum. In a study by Grutter (1997) results showed that bluestreak cleaner 

wrasse varied in diet composition depending on where they lived, where the species located 

closely to Lizard Island in the Great Barrier Reef fed more on parasites compared to the same 

species living close to Heron Island, who mainly fed on non-parasitic substances. This 

indicates that results given in one habitat can differ significantly from another. Unless we 

learn more about surrounding habitats and what it offers the cleaners, the knowledge we get 

from each site-specific study might not be applicable to other sites, since this behaviour is 

changing depending on availability of food (Mann & Orr 1969; Werner & Hall 1976; Stoner 

1980; Grutter 1994). Parasitism is also known for being correlated with altitude, where an 

increased altitude decreases the parasite abundance (Rhode 1984). However, this means that 

Monad Shoal is a suitable candidate for high parasite abundance, since its location is close to 

the parasite hotspot. 

5. Conclusion  
The study shows that two species of cleaner fish, bluestreak cleaner wrasse and moon wrasse, 

are selective about feeding areas and appear to have preferences for the pelvis areas followed 

by pectoral fins of a client’s body, in this case the pelagic thresher shark. The patches with the 

least number of inspections were the gills and the dorsal fin. Female thresher sharks received 

significantly more inspections on five out of seven patches on the body compared to male 

thresher sharks. 
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