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Abstract

The relationships between cetaceans and remoras
are still poorly known, especially those involving
the species commonly referred to as the whale-
sucker (Remora australis), which attaches to
cetaceans only. We report here on the association
between resident common bottlenose dolphins
(Tursiops truncatus) and whalesuckers at the remote
Sdo Pedro and Sdo Paulo Archipelago (SPSPA)
in the equatorial Atlantic Ocean. The study was
conducted during four field expeditions between
2011 and 2013. A total of 13,720 photographs of
the common bottlenose dolphins were taken from
a small inflatable boat. From the analysed pictures,
141 were of dolphins with attached remoras, 70
of which were from 12 photo-identified dolphins
(i.e., about 50% of the estimated population). The
number of whalesuckers per dolphin, the size
classes of these remoras, and their favoured attach-
ment sites on the dolphins’ bodies largely resemble
the association of the same fish species with spin-
ner dolphins (Stenella longirostris) at Fernando de
Noronha Archipelago (FNA) in the Southwestern
Atlantic Ocean. It is noteworthy that we found
more similarities than differences in the relation-
ships between the dolphins and the whalesuckers
at both these oceanic islands, despite the dolphins
belonging to different species, having marked dif-
ferences in body size, and the great disparity in
their numbers: about 25 individuals at SPSPA vs
hundreds (sometimes up to 2,000) at FNA. The
present study strengthens the view that this remora
takes advantage of the association with small swift

cetaceans that congregate regularly in offshore
areas and confirms the common bottlenose dolphin
as a cetacean host for the whalesucker.
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Introduction

The association between marine mammals and
remoras or diskfishes (Echeneidae) has been
reported for at least 20 cetacean and two sirenian
species (O’Toole, 2002; Williams et al., 2003;
Fertl & Landry, 2018). This association usually
has been regarded as a symbiotic relationship,
although its precise nature (e.g., commensal-
ism, phoresy, protocooperation) is still a matter
of debate (Alling, 1985; O’Toole, 2002; Leung,
2014). In fact, many hypotheses about the advan-
tages and detrimental effects for cetaceans result-
ing from this ecological relationship have been
postulated (e.g., Alling, 1985; Norris et al., 1994;
O’Toole, 2002; Leung, 2014). However, the dis-
advantages, including the energetic costs related
to a hydrodynamic drag during swimming and
manoeuvres to dislodge the remoras (Notarbartolo
di Sciara & Watkins, 1980; Fertl & Landry, 2018),
seem to outweigh the advantages for dolphins, in
spite of the occasional cleaning of parasites and
eating of sloughed or diseased skin by the remo-
ras (Strasburg, 1959; Cressey & Lachner, 1970;
Sazima et al., 2006; Silva-Jr. & Sazima, 2008).
Nevertheless, a simulation study indicates that the
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extra swimming effort required by a dolphin to
overcome the parasitic drag force of an attached
remora is relatively small, although its long-term
effects or the combined effects of many remoras
attached simultaneously to a single host should
not be neglected (Beckert et al., 2016).

Even though about 50 cetacean species occur in
Brazilian waters (Siciliano et al., 2008; Ott et al.,
2013; Hrbek et al., 2014; Cypriano-Souza et al.,
2017) and seven out of eight extant diskfishes
have been reported in this vast area of the west-
ern South Atlantic (Vaske et al., 2005; Menezes,
2011), most studies related to cetacean hosts and
remoras in this region are largely limited to brief
reports. These include cases of humpback whales
(Megaptera novaeangliae) with attached shark-
suckers (Echeneis naucrates) in shallow waters
(< 30 m depth) at Abrolhos Bank (Wedekin et al.,
2004) in eastern Brazil, and the same remora spe-
cies attached to a Guiana dolphin (Sotalia guianen-
sis) in an inner estuary (about 23 km away from
the river mouth) in southeastern Brazil (Santos &
Sazima, 2008). However, much better documenta-
tion is available for the association between spin-
ner dolphins (Stenella longirostris) and the remora
commonly referred to as the whalesucker (Remora
australis) in the shallow waters around the oceanic
islands of Fernando de Noronha Archipelago (FNA)
in the equatorial Atlantic Ocean (Silva-Jr. & Sazima,
2003,2008; Silva-Jr. et al., 2005; see Figure 1 for the
Brazilian locations mentioned above).

The whalesucker is well known for its strong
host preference and attachment exclusively to
cetaceans, including the blue whale (Balaenoptera
musculus), fin whale (Balaenoptera physalus), sei
whale (Balaenoptera borealis), and sperm whale
(Physeter macrocephalus) (Notarbartolo di Sciara
& Watkins, 1980; Fertl & Landry, 1999; Flammang
et al., 2020). Among these large whales, the whale-
sucker seems to have a preference for blue whales
(Rice & Caldwell, 1961); and in some localities
where this whale aggregates (e.g., Sri Lanka),
almost every blue whale sighted had at least one
remora attached (Alling, 1985). The association of
the whalesucker with cetaceans is also well docu-
mented for some delphinids, including, besides
the spinner dolphin, the Atlantic spotted dolphin
(Stenella frontalis) and the short-beaked common
dolphin (Delphinus delphis) (Fertl & Landry, 1999;
Becerril-Garcia et al., 2019). There are also brief
references for association between the whalesucker
and common bottlenose dolphin (Tursiops trunca-
tus) exclusively in offshore waters of the eastern
North Pacific (published photo of R. australis by
Pitman, 2003; see also Froese & Pauly, 2021) and
in the Mediterranean Sea (Bas & Goniilal, 2017).

As both the common bottlenose dolphin and the
whalesucker are widely distributed in tropical and

temperate oceans (Wells & Scott, 2009; Froese &
Pauly, 2021), the association between them would
be expected to occur frequently, which does not
appear to be the case. Moreover, as this association
is only briefly mentioned in the literature (e.g., Bas
& Goniilal, 2017), several aspects of the ecological
relationship between these two species are com-
pletely unknown. Herein, the interactions between
resident common bottlenose dolphins and whale-
suckers in the vicinity of the remote Sdo Pedro and
Sdo Paulo Archipelago (SPSPA; Figure 1) in the
equatorial waters off Brazil are described in detail.
In addition, a comparison is made to examine what
parallels would exist between this association at
SPSPA and that reported for the spinner dolphins
and whalesuckers at the FNA (Silva-Jr. & Sazima,
2008), the only locality in the Southwestern
Atlantic where the cetacean—remora association
has been comprehensively studied.

Methods

The study was conducted at the SPSPA, also
known as Saint Paul’s Rocks, a small oceanic
archipelago (covering an area around 16,000 m?)
that rises from the 4,000-m deep ocean floor
(Feitoza et al., 2003) in the equatorial Atlantic
Ocean (00° 56' N, 29° 22' W; Figure 1). The archi-
pelago is located 1,010 km from the Brazilian
mainland and was recognized as a distinct marine
ecoregion due to its distance from the coast and
its unique biodiversity (Spalding et al., 2007).
The closest oceanic islands to the study site are
the Fernando de Noronha Archipelago (FNA),
located approximately 625 km southwest of the
SPSPA (Figure 1), which belongs to a vast volca-
nic edifice that rests on the ocean floor at a depth
of around 4,000 m (Lopes & Ulbrich, 2015).

The surrounding waters of the SPSPA are
inhabited by a resident population of common
bottlenose dolphins estimated to include approxi-
mately 25 individuals (Milmann et al., 2017).
The association between these dolphins and the
whalesucker was recorded during four field expe-
ditions designed to characterize common bottle-
nose dolphin population dynamics and ecology
in the region from May 2011 to February 2013
(Milmann et al., 2017).

During each field expedition, boat surveys cir-
cumnavigated the archipelago (< 2 nmi from the
islands), and all common bottlenose dolphins
sighted were counted and photographed for indi-
vidual recognition purposes, based on their natural
marks (Wiirsig & Wiirsig, 1977; Milmann et al.,
2017). The photographs were taken above the water
surface and mostly at a perpendicular angle to the
dolphins’ bodies (Figure 2), using digital cameras
(Canon 75-300-mm zoom lenses) with autofocus.
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Figure 1. Locations of the archipelagos of Sdo Pedro and
Sdo Paulo (SPSPA) and Fernando de Noronha (FNA),
where whalesuckers (Remora australis; indicated by stars)
have been recorded in association with common bottlenose
dolphins (Tursiops truncatus) and spinner dolphins (Stenella
longirostris), respectively. The locations of the Abrolhos
Bank and the estuary of Cananéia, where the sharksucker
(Echeneis naucrates; indicated by triangles) was recorded
attached, respectively, to humpback whales (Megaptera
novaeangliae) and to a Guiana dolphin (Sotalia guianensis)
in Brazilian waters are also indicated. The map also shows the
100 and 200 m isobaths.

All dolphin photographs containing at least one
visible remora were selected, and only a subset
was chosen for dolphins that could be positively
identified by natural marks. This procedure was
adopted to avoid data replication of remora pres-
ence (i.e., pseudoreplication) and to give an idea of
the extent of this association at a population level.
For this purpose, we used a pre-existent photo-
identification catalogue of 19 known common
bottlenose dolphins of the SPSPA (Milmann et al.,
2017). The same catalogue was used to estimate
the percentage of dolphins with attached remoras
in the total dolphin population, estimated to be 25
individuals (Milmann et al., 2017). Only dolphins
with distinct natural marks (categories D1 and D2
of Milmann et al., 2017) were considered (i.e., 19
out the 25 photo-identified dolphins during the
study period). Since multiple photographs were
taken of the same individual in each encounter,
an image sequence was defined as a set of photo-
graphs of a photo-identified individual separated
from a second set of the same individual by an
interval of at least 2 min. To avoid data depen-
dence and sample bias, the presence/absence
of remoras on a particular dolphin was consid-
ered only for the first time it was recorded on a
given day (i.e., first image sequence). Thus, even
if a dolphin was photographed at different times
during a day, only the first record was considered,
regardless of any change related to the presence/

Figure 2. Partial view of the SPSPA, with three common bottlenose dolphins in the foreground. A large whalesucker is
attached near the blowhole of the third dolphin. (Photo credit: Lucas Milmann, GEMARS)
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absence of remoras or to the dolphin’s body sector
where the remoras were attached (see below).

To assess a possible preference for a particular
place for attachment by the remoras, the dolphin’s
body was divided into 12 sectors (see Figure 3),
according to Scott et al. (2005). Despite these sec-
tors not being the same size and that some bias
could occur when comparing them (e.g., sectors
with larger areas may be more likely to contain
remoras), they are easily recognized by morpho-
logical features (e.g., base of the dorsal fin) and
provide a good proxy for the distribution of the
remoras on a dolphin’s body. As the photographs
were taken above the water surface and, thus, the
totality of the dolphin’s body surface was unavail-
able, the frequency of remoras in each sector
(summed for both the left and right dolphin sides)
was weighted considering the times it was pho-
tographed. For example, if sector #7 (i.e., middle
flank; see Figure 3) of 10 photo-identified dol-
phins was photographed on the same day and rem-
oras were observed in two of them, the proportion
of remora presence in sector #7 for all dolphins
would be equal to 0.2. Alternatively, this same
value would be found if sector #7 of the same
dolphin was photographed in 10 distinct days and
remoras were observed in two of them.

The total length (TL) of the remoras attached
to the common bottlenose dolphins at the SPSPA
was estimated against the mean dorsal fin base
length (see Rowe & Dawson, 2009) recorded for
common bottlenose dolphins stranded on the coast
of Rio Grande do Sul, southern Brazil (from 29°
19' S to 31° 21' S; GEMARS, unpub. data). The
TL of the stranded dolphins was 248 to 339 cm
(X =289 cm, SD = 34 cm, n = 6), and the mean
dorsal fin base length was estimated as 43 cm (SD
=4.2 cm; n = 6). According to estimated size, the
remoras attached to the common bottlenose dol-
phins were classified into three size categories
according to Silva-Jr. & Sazima (2008): class 1
—up to 10 cm TL (i.e., about %4 of the base of
the dolphin’s dorsal fin); class 2 — between 11 and
35 cm TL; and class 3 — larger than 35 cm TL.

Potential problems associated with accurately
identifying echeneid fishes attached to cetaceans
from photographic records have been debated
by some authors who emphasize the importance
of examining in-hand specimens and caution
about misidentifications (Fertl & Landry, 2018).
However, although examination of collected
specimens is desirable (Williams et al., 2003;
Becerril-Garcia et al., 2019), this is not possible
in most instances related to cetaceans, and the use
of high-quality images has proven to be a reli-
able method for the taxonomic identification of
remora species attached to many different hosts
(e.g., Sazima, 2006; Flammang et al., 2020). In

the specific case of the SPSPA waters, although
four other remora species have been recorded in
the region (Remora albescens, Remora brachyp-
tera, Remora osteochir, and Remora remora,
Vaske et al., 2005), based on the unmistakable
morphological features visible on the photo-
graphs, the remoras attached to these common
bottlenose dolphins were confidently identified
as R. australis. Its main diagnostic features are
its robust body and the length of the sucking
disc (Follett & Dempster, 1960; O’Toole, 2002;
Sazima, 2006; Flammang et al., 2020). R. aus-
tralis has the largest disc among the eight extant
species of remoras (O’Toole, 2002), comprising
more than 40% of the standard length (see pro-
portions in Figure 4). In only two remora species
(R. australis and the marlinsucker [R. osteochir]),
the posterior end of the sucking disc extends well
beyond the end of the pectoral fins (Clemens &
Wilby, 1961; Strasburg, 1964; Collette, 2016),
a morphological feature also visible in the indi-
vidual in Figure 4. However, R. osteochir is more
slender than R. australis in dorsal and ventral
views (Tuncer et al., 2012; Becerril-Garcia et al.,
2019). Additionally, R. australis and R. osteo-
chir have distinct and strong host preferences
(Cressey & Lachner, 1970). R. osteochir has a
primary relationship with billfishes (Pampillén,
1996; Battaglia et al., 2016), with no records on
cetaceans (Fertl & Landry, 2018). On the other
hand, R. australis attaches exclusively to ceta-
ceans (Rice & Caldwell, 1961; O’Toole, 2002;
Silva-Jr. & Sazima, 2008; Fertl & Landry, 2018).
The highly diagnostic morphological features of
R. australis enabled the correction of a published
mistaken identification of the remora species on
a spinner dolphin at FNA (Fertl & Landry, 1999;
Sazima, 2006).

Results

A total of 13,720 photographs of common bottle-
nose dolphins was obtained in 16 d on four field
expeditions, including 141 image sequences show-
ing whalesuckers attached to the dolphins. From
these, 70 image sequences were obtained from 12
photo-identified individuals, representing 63.2%
of the 19 recognized archipelago’s resident indi-
viduals and about 50% of the estimated population
(Milmann et al., 2017). The maximum number of
photo-identified dolphins and image sequences of
remora—dolphin interactions was obtained in May
2011, but in each field expedition we recorded at
least three photo-identified dolphins associated
with whalesuckers (Table 1).

Most of the photo-identified dolphins recorded
in association with remoras (7 out of 12; 58.3%)
had only one visible whalesucker attached, but
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Figure 3. Weighted frequency of attachment places (sectors 1 to 12) of whalesuckers (n = 70) on common bottlenose
dolphins in offshore waters of the SPSPA from 2011 to 2013. White = up to 0.15; light gray = 0.16 to 0.30; dark gray = 0.31
to 0.45; and black = 0.46 to 0.60. Numbered body sectors modified from Scott et al. (2005).

Figure 4. A breaching common bottlenose dolphin with a large whalesucker attached to its right flank in offshore waters of
the SPSPA. Solid arrows mark the end of the pectoral fin, and the dashed arrow marks the posterior end of the sucking disc

of the whalesucker. (Photo credit: Lucas Milmann, GEMARS)
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Table 1. Dates and survey effort for the study of the association between common bottlenose dolphins (Tursiops truncatus)
and whalesuckers (Remora australis) during each field expedition to Sdo Pedro and Sido Paulo Archipelago (SPSPA) from

2011 to 2013. X = mean; SD = standard deviation.

No. of No. of image No. of image
Photographic photo-identified sequences of sequences per
effort No. of dolphins with photo-identified photo-identified
Study period (days) photographs taken  attached remoras  dolphins (see text)  dolphin (X + SD)
May 2011 10 5,184 9 55 6.11 £6.95
August 2012 3 2,189 3 8 2.67+153
October 2012 1 3281 3 3 1.00 +0.00
February 2013 2 3,066 3 4 1.33+0.58
Total 16 13,720 12% 70 583 +£6.22

*Some of the photo-identified dolphins were recorded in more than one expedition.

Table 2. Summary data of photo-identified common bottlenose dolphins associated with whalesuckers at the SPSPA from 2011
to 2013. ID = identification; VDSs = visible dolphins’ body sectors; and SARs = dolphins’ body sectors with attached remoras.

Dolphin No. of image ) ) Maximum no. Proportion

ID sequences (see text) VDSs SARs of remoras SARs/VDSs

#1 12 90 15 2 0.17

#3 23 115 41 10 0.36

#6 4 19 4 1 0.21

#8 4 19 4 1 021
#10 1 4 1 1 025
#12 4 19 4 1 021
#13 3 20 3 1 0.15
#14 3 15 3 1 0.20
#16 5 46 6 2 0.13
#17 2 20 3 2 0.15
#18 8 59 11 5 0.19
#21 1 10 1 1 0.10

on one individual, we observed 10 whalesuck-
ers, mostly of the smallest size category (class 1;
Table 2). Although the number of photographs was
not homogeneous between each field expedition,
the photo-identified dolphins showed a relatively
similar ratio (around 0.20) of visible body sectors
with attached remoras (Table 2), both in each field
expedition as well as throughout the study period
(x=0.19,SD =0.08, n = 17; Table 3).

The dolphins had whalesuckers attached with
the highest frequencies to the anterior peduncle
(sector #9 = 0.53) and to the region close to the
pectoral fins (sector #5 = 0.47) (Table 4), even
though these sectors did not have the largest

available areas (see Figure 3). Most remoras
(n =175; 70.1% of the total) were smaller than
10 cm TL (class 1). Remoras of classes 2 and
3 accounted for 18.7 and 11.2% of the sample,
respectively (Table 4). Although sampling effort
was not equal across the seasons, it is worth
mentioning that the highest frequency of remo-
ras smaller than 10 cm TL was observed in
May (94.7%). This size class showed a much
lower frequency in August (5.3%) and was not
recorded in October and February. The size of
the whalesuckers also presented differences in
relation to the dolphin’s body sectors. Remoras
smaller than 10 cm TL occurred with relatively
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Table 3. Proportion of dolphin body sectors with attached whalesuckers per number of visible body sectors on photo-
identified common bottlenose dolphins at the SPSPA from 2011 to 2013. ID = identification; VDSs = visible dolphins’ body
sectors; and SARs = dolphins’ body sectors with attached remoras.

2011 2012 2013
Dolphin ) P> Proportion P> ) Proportion ) P> Proportion
ID VDSs SARs  SARs/VDSs VDSs SARs  SARs/VDSs VDSs SARs  SARs/VDSs
#1 76 14 0.18 14 1 0.07 - - -
#3 115 41 0.36 - -- - -- - -
#6 19 4 021 - -- - -- - -
#8 19 4 021 - - - - - -
#10 4 1 0.25 - - - - - -
#12 15 3 0.20 - - - - - -
#13 11 2 0.18 -- -- - 9 1 0.11
#14 - - - 12 2 0.17 3 1 0.33
#16 20 2 0.10 26 4 0.15 - - -
#17 - - - - -- - 20 3 0.15
#18 21 6 0.29 38 5 0.13 -- -- --
#21 - - -- 10 1 0.10 - - -
Total 300 77 0.26 100 13 0.13 32 5 0.16

Table 4. Weighted distribution of different whalesucker size classes attached to visible body sectors of photo-identified
common bottlenose dolphins at the SPSPA from 2011 to 2013. DBS = dolphin body sectors (see Figure 3); VDSs = visible
dolphins’ body sectors; and SARs = dolphins’ body sectors with attached remoras.

Remora size classes

b P> Proportion Total no.

DBS code VDSs SARs SAR/VDS <10 cm 11 to 35 cm >35cm of remoras
1 22 0 0.00 0 0 0 0
2 26 1 0.04 1 0 0 1
3 9 1 0.11 1 0 0 1
4 50 11 0.22 12 0 0 12
5 15 7 047 7 1 0 8
6 76 5 0.07 3 2 0 5
7 65 12 0.18 9 2 1 12
8 24 8 033 8 4 1 13
9 68 36 0.53 27 8 5 40
10 25 6 0.24 0 1 5 6
11 52 8 0.15 6 2 0 8
12 4 1 0.25 1 0 0 1

Total -- - -- 75 20 12 107
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Figure 5. Sequence of three side slappings of a common bottlenose dolphin at the SPSPA in May 2011 shows the relocation
of two small whalesuckers attached to the dolphin’s belly. Note that one remora (yellow star) appears close to the genital
slit at the end of the manoeuvres (c). Additionally, one of the two smaller individuals (red star) that were close to each other
at the beginning of the sequence (a & b) relocated afterwards, probably attaching to a more lateral position on the dolphin’s
body (c). (Photo credit: Paulo H. Ott, GEMARS)

high frequencies on both the dolphin’s anterior
(e.g., sectors #4 and 5 in Figure 3) and poste-
rior (e.g., sectors #9 and 11 in Figure 3) body
regions, whereas remoras larger than 35 cm TL
were recorded only on the posterior area of a dol-
phin’s body (from sectors #7 to 10 in Figure 3;
also see Table 4).

Although the presence/absence of remoras in
different body zones of a particular dolphin was

considered only for the first time it was recorded
on a given day (i.e., first image sequence), the
analysis of a series of photographs of the dolphin
recorded with the largest number of whalesuckers
(10) taken during a sequence of three side slapping
behaviours (sensu Saayman et al., 1973) revealed
the relocation of two individuals attached to the
dolphin’s belly after the aerial manoeuvres that
were displayed in less than a minute (Figure 5).
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Discussion

This is the first study that provides information on
the association rate between the common bottle-
nose dolphin and remoras conducted at a popula-
tion level. Although the recapture probabilities
of the dolphins (i.e., probability to photograph an
individual) may differ among population members
(Morteo et al., 2012), and some individual varia-
tion may exist in the probability of attachment by
remoras, the analysis of photo-identified dolphins
assures that the data are not based on a single indi-
vidual and provides an idea of the extent of this
ecological association in a given population. In this
sense, these 12 photo-identified common bottlenose
dolphins associated with whalesuckers in the waters
of SPSPA correspond to 63.2% of the 19 recognized
individuals from an estimated total population of 25
dolphins (Milmann et al., 2017). The high number
of dolphins associated with whalesuckers and the
occurrence of these remoras over the whole study
period clearly indicates that this ecological relation-
ship is well established in the area.

A similar relationship was reported between
spinner dolphins and whalesuckers at FNA where a
high remora—host association rate (1 to 1.8 whale-
suckers per spinner dolphin) was recorded over a
year (Silva-Jr. & Sazima, 2008). It is noteworthy
that in both of these localities, each dolphin spe-
cies congregates regularly, and the individuals have
a high degree of site fidelity (Silva-Jr. et al., 2005;
Milmann et al., 2017). The number of remoras usu-
ally attached to each common bottlenose dolphin in
the SPSPA also resembled that reported for spinner
dolphins (one to three fishes per dolphin) at FNA
(Silva-Jr. & Sazima, 2008). This resemblance is
remarkable as the dolphins belong to different spe-
cies, have marked differences in body size, and
there is a great disparity in their population numbers
at these two oceanic islands in the Western Atlantic:
about 25 common bottlenose dolphins at SPSPA
and hundreds (sometimes up to 2,000) of spinner
dolphins at FNA (De Carli et al., 2018). A high inci-
dence (about 0.44) of an unidentified remora spe-
cies attached to spinner dolphins was also reported
at the Kealake’akua Bay located on the island of
Hawai’i, Central North Pacific Ocean, where dol-
phins congregate in groups of up to about 400 indi-
viduals (Norris et al., 1994). Dolphins’ aggregations
and site fidelity potentially increase the opportuni-
ties for encounters and reproduction of the remoras
(Silva-Jr. & Sazima, 2003, 2008). The reproductive
advantage of echeneid fishes when attached to hosts
that commonly aggregate has already been pointed
out by Strasburg (1964).

Besides the possible advantages for repro-
ductive purposes (Strasburg, 1964; Silva-Jr. &
Sazima, 2003, 2008), further known or suspected

benefits to whalesuckers associated with dolphins
include feeding on waste, ectoparasites, sloughed
skin, and diseased tissue, besides ram-feeding on
plankton and enhanced gill ventilation (Strasburg,
1957, 1959; Radford & Klawe, 1965; Fertl &
Landry, 1999; Sazima et al., 2003; Silva-Jr. et al.,
2005, 2007; Silva-Jr. & Sazima, 2008). Another
advantage for remoras attached to cetaceans
would be protection from predators (Alling, 1985;
Silva-Jr. & Sazima, 2008). Nevertheless, at least
two predators of remoras attached to very large
hosts with slow or predictable movements are
reported to date. One is the rough-toothed dol-
phin (Steno bredanensis) preying on E. naucrates
attached to humpback whales (Wedekin et al.,
2004). The other is the double-crested cormo-
rant (Nannopterum auritus) preying on common
remora (R. remora) juveniles attached to a whale
shark (Rhincodon typus) (Sazima, 2018). Thus,
at least small whalesuckers would be more pro-
tected on swift-swimming cetaceans (e.g., spinner
dolphins, common bottlenose dolphins) than they
would be on a large host with relatively more pre-
dictable behaviours.

Regardless of some methodological differences
between the present study and the spinner dolphin
study at FNA (e.g., topside vs underwater observa-
tions; Silva-Jr. & Sazima, 2008), both showed that
remoras are found attached mainly to some spe-
cific dolphin body parts. In the underwater study
at FNA, most spinner dolphins had whalesuckers
attached to the belly or flanks (Silva-Jr. & Sazima,
2008). In the topside study at SPSPA, the ventral
area of common bottlenose dolphins was poorly
sampled, but whalesuckers were found on the belly
as well, and with high frequency on the dolphins’
flanks. Moreover, in both studies, larger remoras
(class 3) were found exclusively on the ventral
surface or flanks, mainly in the posterior part of
a dolphin’s body (see also Silva-Jr. & Sazima,
2003). These favoured attachment sites are prob-
ably related to regions with reduced drag forces
(e.g., Silva-Jr. & Sazima, 2008; Fertl & Landry,
2018; see also Flammang et al., 2020, for a study
on blue whales), minimum deformation of the host
tissue during locomotion that could break the rem-
ora’s suction seal (Beckert et al., 2016), and lesser
interference with the habitual behaviours and
sensitive areas of dolphins (Silva-Jr. & Sazima,
2008). It is worth mentioning that a study about
the relationship between the parasitic sea lamprey
(Petromyzon marinus) and the common bottlenose
dolphin at the Central Adriatic Sea (Mioci¢-Stosi¢
et al., 2020) also indicates preferred attachment
sites, with a high incidence on dolphin flanks. In
addition, the sea lampreys seem to cause a behav-
iour reaction in dolphins such as leaping and fast
swimming (Mioci¢-Stosi¢ et al., 2020).
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As mentioned earlier, changes in dolphin behav-
iour likely to dislodge remoras from their body
have also been reported (Notarbartolo di Sciara &
Watkins, 1980; Fertl & Landry, 2018). Whereas
aerial behaviours displayed by spinner dolphins
seem to be primarily related to social communi-
cation rather than remora removal (Norris et al.,
1994; Utley, 2014), the force of aerial spinning
and water impact is considered sufficient to dis-
lodge an attached remora from a spinner dolphin
(Fish et al., 2006; Weihs et al., 2007). In fact,
Silva-Jr. & Sazima (2008) recorded relocations of
the whalesuckers on a host’s body after the spin-
ning and water splash of spinner dolphins in FNA,
although not a single whalesucker was recorded
to be completely displaced by a spinning dolphin
in numerous observations (Silva-Jr. & Sazima,
2008), a view shared by Norris et al. (1994).
Nevertheless, it should be noted that the total
mass of an adult common bottlenose dolphin can
be two- to threefold greater than that of a spinner
dolphin (e.g., Perrin et al., 2005; Hart et al., 2013),
and the force and resultant impact on the water
generated by an aerial manoeuvre of a common
bottlenose dolphin is likely greater.

In the present study, the relocation of two small
whalesuckers attached to the common bottlenose
dolphin’s belly was recorded after a series of
aerial manoeuvres by the dolphin. However, most
relocations seem to be a voluntary action by the
remoras and not necessarily caused by dolphin
aerial behaviours as observed for whalesuckers
associated with spinner dolphins at FNA (Silva-Jr.
& Sazima, 2008; 1. Sazima, pers. obs., June &
October 2001). Nevertheless, Norris et al. (1994)
also reported a high incidence of remoras attached
to common bottlenose dolphins displaying aerial
behaviour in Florida, although the authors ques-
tioned its relationship with the remora—host asso-
ciation. It is worth mentioning that a repetitive
aerial behaviour has been reported for an adult
common bottlenose dolphin with an attached
remora in the Gulf of Mexico (Shane, 1978).
Frequent aerial behaviours were also observed in
common bottlenose dolphins from SPSPA during
the study period, but their direct relationship to the
presence of remoras could not be fully confirmed.

Regardless of many similarities in the relation-
ship between dolphins and whalesuckers at SPSPA
and FNA (i.e., overall rate of remora—host asso-
ciation, number of remoras per dolphin, preferred
attachment sites), a higher frequency (20.85%;
n = 211) of large remoras (class 3) is reported
for this association at FNA (Silva-Jr. & Sazima,
2008) in comparison with the common bottlenose
dolphins at SPSPA (11.21%; n = 107). Moreover,
the 10 small, probably recently recruited whale-
suckers attached to a single dolphin recorded at

SPSPA seems an unusual occurrence, with no sim-
ilar record on spinner dolphins at FNA (Silva-Jr.
& Sazima, 2008). Still, there are a few other
instances of a high number of recently recruited
remoras not assigned to a species attached to a
mother—calf pair of killer whales (Orcinus orca)
in the Gulf of California, Mexico (Guerrero-Ruiz
& Urban R., 2000), and to an adult blue whale in
waters off California in the eastern North Pacific
(Flammang et al., 2020).

Common bottlenose dolphins with unidentified
remora species have been reported occasionally
(e.g., Townsend, 1916; Norris et al., 1994; Fertl
et al., 2002; Noke, 2004; Yoshida et al., 2010;
Jaiteh et al., 2013). Moreover, there is a single
record of R. remora attached to a common bottle-
nose dolphin in the Caribbean Sea (Rodriguez-
Ferrer et al., 2017). However, a careful examina-
tion of the photograph published by these latter
authors revealed another case of misidentification,
comparable to that reported by Sazima (2006). In
the report by Rodriguez-Ferrer et al. (2017), the
remora attached to the dolphin is clearly E. nau-
crates. Among other features, a robust body and
nearly uniform colour in R. remora contrasting
with the elongated body and presence of lateral
stripes in E. naucrates differentiate these two spe-
cies (see these details in Williams et al., 2003;
Sazima & Grossman, 2006; Collette, 2016).

Considering that taxonomic accuracy of ech-
eneid fishes determined from remote observa-
tions could be problematic in some cases (Fertl
& Landry, 2018), high-quality voucher photo-
graphs, such as those used in this study, are deci-
sive for identifying remoras attached to freely
swimming dolphins or whales (Flammang et al.,
2020). Regarding the common bottlenose dolphin
as a remora host, E. naucrates is the only species
whose identification is based on collected speci-
mens. The first record was based on a fish col-
lected from a live-stranded dolphin in Galveston,
Texas, in the Gulf of Mexico (Fertl & Landry,
1999). Two additional records involved stranded
common bottlenose dolphins found dead along
the Atlantic Coast of Florida (Fertl et al., 2002;
Noke, 2004). The association between 7. trunca-
tus and R. australis was previously suspected to
occur based on photographs of free-swimming
dolphins in offshore waters of the Gulf of Mexico
in the western North Atlantic, although it was not
fully proven due to uncertainties about the vis-
ible diagnostic features of the remoras (Shane,
1978; Fertl et al., 2002). This association was
then reported, based on photographs, in offshore
waters of the eastern North Pacific, approximately
600 km off Mexico’s west coast (Pitman, 2003;
Froese & Pauly, 2021) and in Turkish waters in
the Mediterranean Sea (Bas & Goniilal, 2017).
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In conclusion, the present study substantiates
the common bottlenose dolphin as a host for
the whalesucker and confirms this ecological
relationship in the western Atlantic Ocean. The
study also strengthens the view that whalesuck-
ers may take advantage of the association with
small, swift offshore cetaceans that congregate
regularly in specific areas (Norris et al., 1994;
Silva-Jr. & Sazima, 2008), regardless of its asso-
ciation with large whales (e.g., Alling, 1985;
Flammang et al., 2020). The benefits of this
association for the whalesuckers may include
reproduction opportunities, diverse food types
provided by dolphins directly and indirectly,
and potential protection from some predators.
However, further ecological and behavioural
studies in offshore areas are still needed to fully
understand this relationship.
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