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Figure 8. Deep muscle layer of the pelvic fin of the coelacanth L. chalumnae in dorsal (A) and ventral (B) views. Different colors
represent different muscles. Flex.: flexor; Pron: pronator; Sup.: supinator; Dis: distal; Lat: lateral; Med: medial; Prox: proximal.

dorsal ridge of mesomeres 1-3 and insert on fin rays
1-11. Pronator 5 and pronator 6 originate both on
the dorsal ridge of mesomere 4, but pronator 5 from
the lateral side of this ridge, and pronator 6 from
the medial side of the ridge. Pronator 5 inserts on
fin rays 12-19 and pronator 6 inserts on the fin rays
from the post-axial side of the fin (20-27). Pronator
7 originates from the medial process of mesomere 2
and inserts at the base of fin ray 29, and pronator
8 originates from the proximal edge of mesomere

4 and inserts on fin rays 28 to 32. Although the
muscles are called “pronator”, pronators 1-4 are
supinators of the pelvic fin. Pronator 5 is involved
the flexion of pre-axial radial 4 and fin rays 12-20
and the supination of the fin. Pronator 6 is involved
in the flexion of the distal radial and fin rays 20-27
and the pronation of the fin. Pronator 7 is involved
in the flexion of fin ray 29 and pronator 8 in the
pronation of the fin. Most of these pronator muscles
are mono-articular (Table 6).
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Flexor muscles

Flexor muscles originate and insert on two different
mesomeres. Flexors 1-3 originate respectively on the
pelvic girdle, mesomere 1 and mesomere 2, and and
insert respectively on the mesomere 1, mesomere
2 and mesomere 3 (Table 6; Fig. 8A). These muscles
are mono-articular. Flexors 4-5 are bi-articular, they
originate respectively on mesomeres 1 and 2, and
insert on mesomeres 3 and 4. Flexor muscles permit
the flexion of mesomeres 1-4.

Supinator muscles

The ventral side of the pelvic fin is formed by 17
supinator muscles (Table 6; Fig. 8B). Except for
supinator 1, all these supinator muscles are subdivided
in several bundles (Supporting Information, Table
S1). Supinator 1 originates on the ventral side of the
pelvic girdle and inserts on the anterior side of pre-
axial radial 0. Supinators 2—14 have multiple origins
and insertions since the smallest bundles of a muscle
are covered by the longest bundles (Supporting
Information, Table S1). They insert from pre-axial
radial O to fin ray 12. Supinators 15-17 are also
formed by several bundles; however, they are smaller
and originate from mesomere 4 and the distal radial.
Moreover, the different bundles are adjacent and
insert on fin rays 12—-33, similar in their arrangement
to pronators 5-6 (Fig. 8B). Supinators 1-15 permit
the pronation of the fin, supinator 16 permits the
abduction of the fin, and supinator 17 permits the
supination of the fin.

MUSCLE ARCHITECTURE
Muscle mass

The pectoral fin musculature of specimen CCC 14
weighs 165.8 g (0.43% of body mass). The size of the
muscles of the lateral and medial sides of the pectoral

fin is different. Muscles of the lateral face weigh 93.9 g
whereas muscles of the medial face weigh 71.9 g.
Moreover, the distribution of the muscle mass is unequal
among the different layers of the lateral side: the deep
layer is the heaviest (36.1 g), then the superficial layer
(30.5 g) and finally the middle layer (27.3 g). On the
medial side, the distribution of the muscle mass is even
more unequal, the superficial layer having the greatest
mass (33.4 g), then the deep layer (21.7 g) and finally
the middle layer (16.7 g) (Table 7).

The pelvic fin musculature of specimen CCC 27
weighs 112.6 g (0.30% body mass). Similar to the
pectoral fin of CCC 14, the two sides (ventral and dorsal
corresponding respectively to the lateral and medial
sides of the pectoral fin) differ in the distribution of the
muscle mass. The ventral side musculature (62.1 g)
weighs more than that of the dorsal side (50.5 g). The
distribution of the muscle masses along the three
layers is also unequal, but more so on the dorsal side
compared to the ventral side. On the dorsal side,
the middle layer contributes around half of the total
(23.6 g), whereas on the ventral side, the distribution
of the mass is more similar across layers with the
superficial layer being only slightly heavier than the
other layers (25.3 g; Table 7).

Anatomical cross-section area

The anatomical cross-sectional area (ACSA) of the
pectoral fin is 37.2 cm?; however, its distribution between
the two sides of the finis unequal. The ACSA of the lateral
and medial side is 23.0 cm? and 14.2 cm?, respectively.
The distribution of the ACSA on the different layers for
the lateral and medial sides of the fin is similar to the
distribution of the muscle masses, the deep layer having
an ACSA that is higher than that of the superficial and
the middle layers (9.8 cm?, 7.8 cm? and 4.2 cm? for the
lateral side; 7.9 cm?, 4.8 cm? and 1.5 cm? for the medial
side). Of the 86 muscle bundles of the pectoral fin, 30
bundles are only involved in the articulation between

Table 7. Muscular properties of the different muscle layers of the pectoral and the pelvic fins of the coelacanth

L. chalumnae

Pectoral fin Layer Mass (g) ACSA (cm?) Pelvic fin Layer Mass (g) ACSA (cm?)
Lateral Superficial 30.52 8.79 Ventral Superficial 25.25 2.82
Middle 27.25 4.23 Middle 18.34 2.98
Deep 36.13 9.84 Deep 18.48 4.16
Total 93.90 22.86 Total 62.07 9.96
Medial Superficial 33.43 4.83 Dorsal Superficial 14.08 1.59
Middle 16.74 1.51 Middle 23.62 3.98
Deep 21.75 7.91 Deep 12.85 4.45
Total 71.92 14.25 Total 50.55 10.02
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the pectoral girdle and the first mesomere (Tables 1-3).
The total mass of these bundles is 57.8 g (35% total
pectoral muscles mass), corresponding to an ACSA of
12.7 cm? (34% total pectoral ACSA).

The ACSA of the pelvic fin is 20.0 cm?, and the
distribution is similar for the dorsal and ventral sides
(10.0 cm? and 10.0 cm?). The distribution of the ACSA
across the different muscle layers shows that on the
ventral side, the superficial and middle layers are similar
(2.9 and 3.0 cm?, respectively), whereas on the dorsal
side they are different (1.6 and 4.0 cm?, respectively).
The deep layer of the ventral and dorsal sides is the
most strongly developed (4.2 and 4.5 cm?, respectively).

JOINT MOBILITY
Pectoral fin mobility

The pectoral fin of L. chalumnae shows a large degree
of mobility in the three planes, defined as abduction/
adduction, protraction/retraction and pronation/supination
movements. The range of mobility is the highest for the
joint between the pectoral girdle and the first mesomere
(mean: 102° for abduction/adduction, 93° for protraction/
retraction and 90° for pronation/supination) (Fig. 9).
Mobility generally decreases along the metapterygial axis,
and the distal joint is the least mobile in all planes (30°
for abduction/adduction, 55° for protraction/retraction
and 41° for pronation/supination for CCC 19, ligament
damaged for CCC 14). The pectoral fins (CCC 14, CCC
19) show a similar joint mobility along the metapterygial
axis. The large difference of mobility (Fig. 9) observed for
the abduction/adduction of mesomere 1 with the girdle
and mesomere 4 with mesomere 3, and the pronation/
supination of mesomere 2 with mesomere 1 are possibly
due to damaged ligaments on the CCC 19 specimen.

Pelvic fin mobility

Similar to the pectoral fin, the joint between the pelvic
girdle and the first mesomere is the most mobile with
a large range of motion for the abduction/adduction
movement (50°). Antero-posterior and rotational
movements have a reduced range of motion (32° and
29°, respectively). The measurements also show that
the mobility decreases along the metapterygial axis,
and that the distal joint is less mobile than the more
proximal joints (Fig. 9). Overall, the mobility of the
pelvic fin is lower than that of the pectoral fin.

DISCUSSION

THE MUSCULAR ANATOMY OF THE PAIRED FINS OF
L. CHALUMNAE

In accordance with previous descriptions (Millot &
Anthony, 1958; Diogo et al., 2016; Miyake et al., 2016)

our results show that the muscular anatomy of the
pectoral and pelvic fins of the African coelacanth are
arranged in three layers: superficial, middle and deep.
However, both the pectoral and pelvic fins show a more
complex muscular organization in terms of number of
muscle bundles than previously described. Indeed, we
observed 86 muscle bundles for the pectoral fin and
83 muscle bundles for the pelvic fin, whereas Millot
& Anthony (1958) described only 40 muscle bundles
for each fin. The more recent study of Miyake et al.
(2016) described 48 muscles bundles for the pectoral
fin, while that of Diogo et al. (2016) described a new
elevator lateralis muscle at the dorsal side of the
pelvic fin, originating on the abaxial musculature
and inserting on the first mesomere. This muscle was
subsequently reported in other studies (Molnar et al.,
2018, 2020). However, this muscle was never observed
in our dissections, nor in the description of Millot &
Anthony (1958). Moreover, the presence of a fascia that
separates the pelvic muscles from the abdominal cavity
precludes the presence of such a muscle in Latimeria.
The organization of the muscles along the
metapterygial axis differs between the pectoral and
pelvic fins. The pectoral fin shows a large number
of mono-articular muscles on the lateral and medial
sides of the fin (Figs 3-5) connecting adjacent
elements, especially in the superficial and deep
layers. Whereas the anatomy of the muscles on the
lateral and medial sides of the fin appears visually
symmetrical, the distribution of the mass is different
between the two sides. Indeed, the lateral side of
the pectoral fin contains more muscle mass than the
medial side (93.9 g vs. 71.9 g; representing 57% and
43%, respectively, of the total pectoral mass). In the
pelvic fin, the anatomy appears more asymmetrical
(Figs 6-8). In the middle layer, the muscles of the
dorsal side only insert on the pre-axial fin rays (fin
rays 7—21) and only cover the lateral part of the dorsal
side of the fin. In contrast, on the ventral side, the
muscles insert on the pre-axial radial elements and
on fin rays 7-33, and cover the entire ventral side
of the fin. Moreover, in the deep layer, muscles are
short and pronators join the mesomeres and the fin
rays on the dorsal side. There are an additional five
flexor muscles that connect the mesomeres. On the
ventral side, however, most of the muscles are longer
and originate dorsally on the membrane between the
two fins. On the pelvic fin, the majority of muscles are
poly-articular and insert directly on the fin rays. As in
the pectoral fin, the distribution of the muscle mass is
asymmetric. The ventral side of the fin has more mass
than the dorsal side (63.1 g vs. 50.5 g; representing
56% and 44%, respectively, of the total pelvic muscle
mass). In the pectoral fin, the more muscular side is
involved in fin protraction. As the pectoral and pelvic
fins have different orientations, in the pelvic fin, it
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Figure 9. Range of mobility of the joints in the three planes along the metapterygial axis. A, joint mobility between the
girdle and mesomere 1. B, joint mobility between mesomere 1 and mesomere 2. C, joint mobility between mesomere 2 and
mesomere 3. D, joint mobility between mesomere 3 and mesomere 4. The * indicates a large difference of mobility between
the two different pectoral fins. This difference either suggests a greater inter-individual variability of mobility, or more
probably is due to a damaged ligament. The colors used in each panel correspond to the regions detailed on the pectoral and
pelvic fins at the top of the figure.
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is the side involved in the fin abduction that has the
greatest muscular mass. However, whereas for the
pectoral fin the ACSA on the lateral side of the fin is
higher (Table 7), for the pelvic fin the ACSA on the
ventral and dorsal sides is similar.

A smaller pelvic fin compared to the pectoral fin
is common in actinopterygians and non-tetrapod
sarcopterygians (Coates, 1995; Coates & Ruta, 2007;
Shubin et al., 2014). The coelacanth presents a
similar muscular anatomy, since the pelvic fin is
smaller in size and the muscle mass of the pectoral
fin (166 g) is greater than that of the pelvic fin (113 g).
However, the total masses of the pectoral and pelvic
fins correspond only to 0.86% and 0.60% of the total
body mass, respectively. The muscle architecture also
differs between the pectoral and the pelvic fin. The
ACSA of the pectoral fin is greater than that of the
pelvic fins (Table 7). Since the ACSA is a proxy of the
force that can be developed by muscles (Close, 1972),
it appears that the pectoral fin can generate more
force and is thus likely more involved in generating
propulsion or in the stabilization of the coelacanth.
This is in accordance with observations of Fricke &
Hissmann (1992), who suggested that the pectoral fin
is important in locomotion. In teleosts, the pectoral
fins have an active role for a variety of manoeuvring
behaviours and for low-speed swimming (Gibb et al.,
1994; Drucker & Lauder, 2003; Standen & Lauder,
2005; Don et al., 2013). In teleosts, the pelvic fins help
control the body position during manoeuvres and
control stability (Lauder & Drucker, 2004; Standen,
2008; Don et al., 2013). As in teleosts, the respective
role of the pectoral and pelvic fins is likely different
in the coelacanth, with the pectoral fins presumably
having a more active role in contrast to the pelvic fins
that likely have a function in body stabilization and
manoeuvres (Fricke & Hissmann, 1992).

Whereas the two sides of the pelvic fin show an equal
ACSA and should be able to develop the same force, in
the pectoral fin the distribution is unequal. Indeed, the
lateral side of the fin has a higher ACSA than the medial
side (Table 7). This suggests that the lateral side of the
pectoral fin (resulting in fin protraction) is stronger
than the medial side (responsible for retraction).
In the cod (Gadus morhua) and the saithe (Gadus
virens), it has been shown that the abductor muscle
mass of the pectoral fin is the same as the adductor
muscle mass, whereas for the mackerel (Scomber
scombrus), the abductor muscle mass is twice that of
the adductor muscle mass (Geerlink, 1987). It appears
that in the cod and the saithe, the pectoral fins have
a more important role in the backward movements
of the pectoral fin for braking than in the mackerel.
During locomotion, Fricke & Hissmann (1992) showed
that the lateral side of the pectoral fin (ventral face in
their paper) pushes the water against the direction of

the motion suggesting that the muscles of this side are
mainly involved in braking whereas the muscles from
the medial side may be more important in generating
propulsion.

The pelvic girdle of L. chalumnae has a superficial
ossification around the anterior process and the
medial process, associated with an internal trabecular
system (Mansuit et al., 2020b). It has been suggested
that this ossification may reinforce these parts of the
pelvic girdle to resist to the force developed by the
muscles that insert there. The anterior process is long
and thin, and even if the medial process is slightly
more robust, the insertion area of the muscles is small
such that high stresses may indeed be imposed on
these processes. Based on our data it appears that
the ACSA of the muscles inserting there is greater on
the anterior (2.8 cm?) and medial processes (2.6 cm?)
compared to other parts of the girdle (Supporting
Information, Table S2). The robust part of the girdle
with the articular head also is submitted to significant
muscle forces (2.5 cm?). This part is not ossified, nor
associated with a trabecular system. However, the
robustness of this part of the girdle might explain why
there is no need for such reinforcement to support the
force developed by the muscles. The high value of ACSA
of the muscle bundles inserting on the ossified part of
the girdle supports the hypothesis of reinforcement
of these parts to support the forces generated by the
muscles during contraction. The ACSA of the muscle
bundles on the lateral process is also large (2.0 cm?);
however, since the surface of the lateral process is
larger than the anterior or medial processes, the force
produced by bundles is also distributed across a larger
surface, likely reducing stress concentrations. The
role of muscles in the ossification of bones during the
development has been demonstrated for chickens and
mice (Nowlan et al., 2008, 2010), with muscle presence
and its activity being essential in the ossification of the
bones. When the muscle mass or the muscular activity
is reduced, the ossification of the bone is reduced
(Nowlan et al., 2008).

As in all sarcopterygian fishes, the coelacanth
L. chalumnae has lobed paired fins (e.g. Millot &
Anthony, 1958), different in their anatomy from the
fins of most actinopterygians. Different authors have
pointed out that actinopterygians and sarcopterygians
differ in the origin and insertion of fin muscles. In
actinopterygians, muscles extend generally from the
girdle to the fin rays, passing over the radials (e.g.
Greene & Greene, 1914; Geerlink, 1979, Lauder &
Drucker, 2004; Diogo & Abdala, 2007; Wilhelm et al.,
2015), even if the pre-axial and post-axial muscles
can inserted on the protopterygial or metapterygial
elements in some species (Wilhelm et al., 2015; Molnar
et al., 2017). In sarcopterygians, muscles present a
more complex organization and most of the muscles
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insert on the endoskeletal elements of the appendages
in order to move the other skeletal elements of the
fin or limb. The abductor and adductor superficialis
of the coelacanth and lungfish are segmented and
some bundles insert also on the fin rays (Boisvert
et al., 2013; Diogo et al., 2016). In tetrapods, there is
a functional regionalization of the metapterygial axis
in stylo-, zeugo- and autopod, associated with the
complex muscular organization of the limbs (Ashley-
Ross, 1994; King & Hale, 2014). Associated with this
functional regionalization of the limbs, tetrapods have
an important proportion of mono-articular muscles
and they have lost the abductor and adductor muscles
(Miyake et al., 2016). The functional regionalization
found in the tetrapod limbs (stylo-, zeugo- and
autopod) is not present in the paired fins of non-
sarcopterygian fishes (Janvier, 1996; King & Hale,
2014) and there is no regionalization of muscles along
the metapterygial axis. In sarcopterygian fishes, since
there is no appendage-driven substrate locomotion,
there is no need for such functional regionalization
of the fin. However, the muscles of the pectoral and
pelvic fins of Latimeria differ in their organization
with more muscles inserting on the metapterygial axis
of the pectoral fin than on the pelvic fin (e.g. abductor/
adductor superficialis; supinator) (Figs 2, 4, 5, 7). On
the pelvic fin of L. chalumnae, most muscles extend
from the pelvic girdle to the fin rays. Only in the deep
muscle layer can be observed some inter-mesomere
muscles or muscles that originate from mesomeres
and insert on the fin rays (flexor and pronator
muscles). The muscular organization of the superficial
and middle layers, as well as that of the majority of
the bundles of the ventral deep layer, is similar to
the muscular arrangement in actinopterygians, with
muscles that originate on the girdle and insert at
the base of the fin rays (Adriaens et al., 1993; Lauder
& Drucker, 2004; Molnar et al., 2017). By contrast,
in the pectoral fin, mono-articular inter-mesomere
muscles allow the lateral or medial flexion of the
different mesomeres. Thus, it can be considered that
the pelvic fin has a more plesiomorphic organization
of the muscles than the pectoral fin. The mesomeres
of the fins are positioned in a single plane, different
from the “Z-shape” organization of the tetrapod limbs.
Moreover, the muscles on one side of the fin have a
similar function. Consequently, although there is
an anatomical regionalization of the muscles on the
pectoral fin, there is no strict functional regionalization
of the muscles along the metapterygial axis of the fin,
which is different from what is observed in tetrapod
limbs. Thus, it is the anatomical regionalization of
the muscle that might be the driver of the subsequent
functional regionalization of the muscles on the
limbs. Indeed, there are an important number of
mono-articular muscles that are involved only in the

mobility of the shoulder (i.e., the mobility of mesomere
1 on the pectoral girdle) of L. chalumnae (30 muscle
bundles that corresponds to 35% of the pectoral muscle
mass). The important number of muscles associated
with this joint might be associated with the large
stroke amplitude of the pectoral fin and the diversity
and complexity of fin movements observed during
swimming (Fricke & Hissmann, 1992; Décamps et al.,
2017). In tetrapods, rotational movements around
the joint between the pelvic girdle and the femur
are permitted by the coordinated activity of muscles
associated with these elements (Wentink, 1976;
Ashley-Ross, 1995; Aiello et al., 2014). The presence
of a large number of muscles associated with the first
mesomere of the pectoral fin of L. chalumnae could
underlie a similar functional mechanism allowing for
the mobility of the pectoral fin.

JOINT MOBILITY ALONG THE METAPTERYGIAL AXIS OF
THE FINS

Data on joint mobility demonstrated that the most
proximal joint of the pectoral and pelvic fins (shoulder
and hip) has the highest degree of mobility, and that
the following joints along the metapterygial axis
are less mobile. However, whereas the mobility of
the pelvic fin follows the same general decreasing
trends in mobility along its metapterygial axis as
the pectoral fin, it is less mobile overall (Fig. 9). This
difference in mobility was first documented in vivo
during locomotion (Fricke & Hissmann, 1992), and
was suggested to be due to the wide attachment of the
pelvic fin to the body. The pectoral and pelvic fins have a
similar organization of the endoskeleton except for the
presence of pre-axial radial 0 on the pelvic fin (Millot
& Anthony, 1958; Mansuit et al., 2020b). It has been
suggested previously that this element could reduce
the mobility of this fin, and our measurements of the
degree of mobility of this joint support this hypothesis.
Moreover, the morphology of the mesomeres and pre-
axial radial elements is different in the pectoral and
pelvic fins (Fig. 1). The shape of the pelvic mesomeres
may constrain the mobility of the elements, as the size
of pelvic pre-axial radials is proportionally larger than
those of the pectoral fin, and may consequently limit
the lateral mobility of the elements.

Measurements made in vivo and during the first
dissections confirm the mobility of the pectoral fin of
L. chalumnae, since the pectoral fin is able to rotate a
full 180° (Millot & Anthony, 1958; Fricke & Hissmann,
1992). However, this ‘rotation’ is greater than the
shoulder joint allows, and is thus the consequence of
the mobility of the different joints of the metapterygial
axis. Similarly, the pectoral fin can be moved in the
dorso-ventral and anteroposterior directions up to
120° in vivo (Fricke & Hissmann, 1992), an excursion
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angle that is greater than the mobility of the shoulder
joint for the abduction/adduction and the protraction/
retraction movements, respectively. Here as well it is
the combination of the mobility at successive joints that
allows the large stroke amplitude of the pectoral fin.
More detailed kinematic analyses of fin movements in
3D are clearly needed to be able to link joint mobility
to overall fin movements.

The African lungfish Protopterus annectens also
has a large mobility of the pelvic fin in vivo, possibly
superior to that of the pelvic fin of L. chalumnae (King
et al.,2011; Aiello et al., 2014). The joint mobility of the
first mesomere with the body in Protopterus shows a
larger mobility compared to that of the coelacanth. The
long-axis rotational mobility was not calculated, nor the
mobility of the different joints along the metapterygial
axis; however, in vivo footage shows that the large
mobility at the hip joint is present for the different
joints along the entire metapterygial axis during
‘walking’ locomotion. This suggests that the joints
between mesomeres of the paired fins of P. annectens
are not constrained as observed for the pelvic fin of
L. chalumnae (King et al., 2011; Aiello et al., 2014).
The large mobility of the joints of these fins may thus
be useful for the ‘walking’ locomotion of P. annectens
in its aquatic environment (King et al., 2011). Unlike
the African lungfish, the coelacanth only uses its
fins for the swimming. In cetaceans, the appendages
are modified into flippers and mainly useful for
manoeuvering and turning (e.g. Felts, 1966; Fish &
Battle, 1995). In these animals, the shoulder joint
presents a large mobility in three directions, whereas
the elbow and wrist joint have a restricted mobility
that turns the limb into a paddle-like structure. This
large mobility at the shoulder and restricted mobility
within the limb permits the production of thrust for
locomotion and manoeuvering (Felts, 1966). Even if
the joint mobility of the fins of the coelacanth is not
as restricted as the elbow and wrist of cetaceans, the
relatively rigid fins might allow thrust production,
necessary for locomotion and manoeuvering.

CONCLUSION

As previously described, our dissections of the pectoral
and pelvic fins of the African coelacanth L. chalumnae
show that the muscles are organized in three different
muscle layers, but with a more complex organization
than previously known. The pectoral and pelvic fins
show a different organization of the muscle bundles.
The pectoral muscles are mostly mono-articular and
insert on the different elements of the endoskeletal
metapterygial axis of the fin, whereas almost all pelvic
muscles are poly-articular and run from the pelvic
girdle to the fin rays. Thus, the pelvic fin shows a more

plesiomorphic configuration of the muscles, similar
to that of actinopterygians, whereas the pectoral fin
shows a muscular anatomy closer to that of lungfishes
and tetrapods. The ossification of part of the pelvic
girdle may be associated with the stronger muscles
that attach there as suggested by our data.

The pectoral and pelvic fins are different since the
pectoral fin has a greater ACSA and can provide more
force than the pelvic fin. A stronger pectoral fin can
have a more important contribution in locomotion than
the pelvic fin, in agreement with the observations of
the locomotion of the coelacanth. Indeed, the pectoral
fin seems more active than the pelvic fin during
locomotion and manoeuvring.

Finally, the joint mobilities of the two fins are
different, with the pelvic fin being less mobile than the
pectoral fin. It is suggested here that the morphology
of the mesomeres and the pre-axial radial of the pelvic
fin may constrain the joints of the fin. Moreover, the
presence of the supernumerary element pre-axial
radial 0 at the base of the pelvic fin may further limit
the mobility of the hip, whereas in the pectoral fin, the
shoulder shows greater mobility in all directions.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher’s web-site:

Figure S1. Organization of the muscle anatomy of the superficial layers of the pelvic fin of Latimeria, in ventral
(A, B) and dorsal aspect (C). B, close-up of the ventral face of the superficial layer. The red muscle corresponds
to the pterygialis cranialis (“abducteur de la nageoire”, Millot & Anthony, 1958) and the blue line corresponds to
the “abaisseur superficiel” of Millot & Anthony (1958) (abductor superficialis in our description). This “abaisseur
superficiel” is formed by several muscle bundles and some of them are represented in blue here. Similarly, on the
dorsal side of the fin (C), the different bundles of the adductor superficialis are clearly identifiable on the fin.
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Figure S2. Illustrations of the first steps of the dissection of the left pectoral fin in the coelacanth L. chalumnae
in medial (A-C) and lateral view (D). A, fin before the dissection. B, dissection of the adductor superficialis 1
to show the adductor profundus below. C, separation of the different bundles of adductor profundus in medial
view. D, separation of the different bundles of the abductor profundus in lateral view. D: dorsal, Dis: distal; Prox:
proximal; V: ventral.

Figure S3. Muscular anatomy of the pelvic fin of L. chalumnae with focus on the adductor profundus 8 muscle
bundle to illustrate the sub-bundles and fascicles. A, schematic illustration of the muscular organization of the
dorsal middle layer of the pelvic fin, Add.prof.9-12 are not illustrated here. B, close-up of adductor profundus 8
in situ (numbered 39 during the dissections). C, the different sub-bundles and fascicles of Add.prof.8 are shown
in situ; red point = insertion of the sub-bundle Add.prof.8B on mesomere 3; blue point = insertion of the sub-
bundle Add.prof.8C on mesomere 4; purple point = insertion of the sub-bundle Add.prof.8D on the fin rays (39i
corresponds to a sub-bundle of Add.prof.8D). Add.prof.8A and some fascicules of the sub-bundles of Add.prof.8C
and 8D were removed before the photo was taken. Add. prof.: adductor profundus.

Figure S4. A, deep muscle layer of the pelvic fin of L. chalumnae in dorsal view illustrating the organization
of the bundles of different pronator and flexor muscles. B, close-up of pronator 2 in situ. 76 corresponds to the
pronator 2e muscle bundle. Flex.: flexor; Pron.: pronator.

Table S1. Details of the sub-division of the different muscle bundles of the pelvic fin of the extant coelacanth
L. chalumnae and their properties.

Table S2. Distribution of the muscle masses and ACSA on the different parts of the pelvic girdle.
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