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The sensory canal systems of the living coelacanthatimeria chalumnae
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Synopsis

Entire sensory canal systems of the coelacdratimeria chalumnagare described: not only the course of principal
canals with their primary and secondary collaterals, but also the course and branches of the pit-line and reticular
canals. The number of pores on the left side of the head were found to be 296 in an early (yolksac) embryo, 321 in
a late term fetus, 485 in a juvenile, and 2974 in adults. This means that in latimeria most of the lateral-line canal
system develop after parturition. Pit lines of the living coelacanth are not rows of superficial neuromasts but canals
covered by a thin epidermis like in other sensory canals of the lateral line. These pit-line canals, however, have
a very specific structure and branching pattern: the medial dorsal pit-line canal is connected by fine branches on
top of the head. The infra-dentary pit-line canal connects via these branches with canals deep inside the bones.
Several fine and richly branched canaliculi of unknown function radiate from each quadratojugal pit-line canal. The
gular plate pit-line canal has superficially branching arms as well as connections to numerous deeper canals inside
the bone. These canals consist of fine branches that in turn lead to and open on the ventral surface of the gular
plates as small pores. The system is reminiscent of the reticular (pore) canal system known only from some fossil
agnathans and fishes. Thus latimeria combines the reticular system of ancient vertebrates with the lateral-line system
of modern fishes. The significance of this gular (possibly electro-sensory) system for feeding by the coelacanth will
be discussed.

Introduction Latimeria chalumnadives on steep slopes of vol-
canic origin with caves used as daytime shelters. It
The course of the principal sensory canal systems with occurs at depths of 170 to 230 m below sea level
their primary and secondary collaterals, as well as which, in its range, is also below the “IBisotherm,
the branches of the pit-line and the reticular canals but occasionally it may enter water as warm as3
of Latimeria chalumnaé&mith, 1939 of various sizes (Fricke et al. 1991). It favors slopes with abundant
and ontogenetic states are described in this paper.cavities not covered with coral sand as hideouts for
The lateral-line sensory canal systems and some of itsits prey (Balon et al. 1988). Consequently, tactile and
innervations were described earlier by Smith (1939a,b, electro-sensory systems are probably more important
1940), Millot & Anthony (1958, 1959, 1965), Hensel than vision for orientation and acquisition of food
(1986) and Bemis & Northcutt (1992) but the precision (e.g., Thompson 1970, Northcutt 1980, Fricke & Plante
varied. 1988, Fricke et al. 1991, Hissmann & Fricke 1996).
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The slow swimming and rolling motions seemingly of sensory canals of the entire lateral-line system of
in defiance of gravity, and the intermittent headstands, specimens CCC no. 5, 14, 29.5 and 94. More detailed
observed from the submersibles GEO and JAGO (e.g., data on each of these specimens can be found in Millot
Fricke et al. 1987, 1991, Fricke & Hissmann 1992, etal.(1972), Bruton & Coutouvidis (1991), and Bruton
Fricke 1993), are still begging an explanation, although (1992, 1993).

‘it is suspected’, writes Forey (1998, pp. 25-26), ‘that  The canal systems of the fetuses was made visi-
it may have something to do with electroreception by ble following the method of Jakubowski (1967): the
bringing the rostral organ (p. 21) close to the substrate formaldehyde-preserved specimens were bleached in
to detect minute potential differences created by the 2% hydrogen peroxide and a solution of Delafield’s
activity of prey.” Obviously McCosker’s (1979) vision

of the coelacanth’s feeding mode applies no more. Do
the new findings concerning the sensory systems sup-
port the interpretation of feeding presented by Balon
(1990, 19914, 1999) and Uyeno & Tsutsumi (1991)?

Material and methods

The four late-term fetuses (CCCno. 162.12, 18,22, and
25) we studied were from a litter of 26 (Figure 1) found
in a large female of 179 cm TL and 98 kg. This female
was captured offshore the small port of Pebane north-
east of Quelimane, central Mozambique, about 15 km
from the adjacent continental slope on 11 August 1991
(Bruton et al. 1992). In addition, we had a female of
168 cm TL (CCC no. 154), two yolksac embryos (CCC
no. 29.2 and 29.3), the skeletons of 125.5 cm long male
(CCC no. 153) and a 164cm long female (CCC no. ;
159). Furthermore, we used photographs and drawings

Figure 2 a — Late-term fetus CCC no. 162.22, side view after
bleaching and hematoxylin injection into the lateral-line system.
Figure 1 a — Late-term fetus CCC no. 162.18 from the litter of b — Lateral view of the fetus CCC no. 162.12 after similar

26 after receipt in Guelph, arb — drawing of the same preserved  treatment ¢ — Dorsal view of the head of the same specimen
specimen (orig. by Paul Vecsei). 162.12.
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names for cranial bones are not standardized, and the
neuromast-nerve connections in most fishes are not
known. We believe that it is best to follow ideation of
Allis (1889) who named the canals simply according to
the body part over which they are formed. Hence canals
that run above or below the orbit are named supra- or
infraorbital, canals on the gill cover and lower jaws are
operculo-mandibular, canals on the temples are tem-
poral or supratemporal, and canals running along the
body sides are simply lateral. Weitzman (1962) stated
with respect to the names of bones: | some writers
forget that a name is merely a name, not a description’.
The same applies to the names of canals as long as they
are clear to everybody.

When there is a need, for whatever reason, to stress
that a part of a lateral-line canal runs in a specific
bone or that its neuromasts are linked to a particular
nerve, then it suffices to expand the name, for exam-
ple, the preopercular part of the operculo-mandibular
canal, or the otic part of the temporal canal. When
there is a need to highlight other properties of a canal,
the addition of an adjective like ‘sensory’ or ‘com-
missural’ solves the problem. In such cases, however,
naming should be applied consistently and not like
in Northcutt & Bemis (1993) loosely, once ‘supraor-
bital sensory canal’ and also ‘mandibular canal’, or
once ‘supratemporal sensory canal’ and another time

Figure 3 a — Frontal view of fetus CCC no. 162.22 illuminated ~ ‘posterior ethmoid commissure’.
with fiber optics from the inside for better demonstration of the

hematoxylin injected lateral-line canats— \entral view of the

infraorbital canal in the area of the tube-like anterior nare of Results and discussion

the late term fetus CCC no. 162.12.

Lateral-line sensory canals

hematoxyline diluted in distilled water 1:1 was
injected (Figures 2a and b). To enhance the visibility of The course of the main canals of the lateral-line sys-
the injected canals we illuminated the specimens from tem in the late-term fetuses aftimeria chalumnae
the inside with fiberoptics (Figure 3a). Photographs (Figures 2a,b and 4) is similar to that described earlier
and photomicrographs were taken on 35 mm films with by Hensel (1986). The number of primary and sec-
macro lens or through dissecting microscope, respec- ondary collaterals (canaliculi) and pores through which
tively (Figures 2c, 6a and b). Subsequently on large the canals open to the exterior are, for example, 81 in
prints, the canals, pores and canaliculi were further the infraorbital canal of the yolksac embryo (CCC no.
outlined in ink to show their proper proportions and 29.5), 89 in the now studied late-term fetus (CCC no.
correct sizes. 162.12) and 135 in the smallest free-swimming juve-

We use the terminology suggested by Hensel (1986) nile (CCC no. 94) after parturition. Similar conditions
but not the later introduced modifications by Northcutt are in the other canal systems. The total number of
& Bemis (1993). There were several methods previ- pores on the left side of the head were found to be 296
ously used to name the lateral-line canals (see Henselin an early (yolksac) embryo, 321 in a late- term fetus,
1978). Most often these names were based on the485 in a juvenile, and 2974 in the adult (CCC no. 5).
type and structure of bones in which the canals are This means that the ramification of the lateral-line
located, or on the inervation of their neuromasts. This canal systemis a process which accelerates clearly after
method, however, often caused confusion, because theparturition, i.e., during life in the external environment.
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Figure 4 Entire lateral-line canal system on the left side of fetus CCC no. 162.12.
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Figure 5 Side view of the head lateral-line canal system of fetus CCC no. 162.12 [abbreviations: €Bmoid (commissural) sensory
canal, ClO= infraorbital sensory canal, CI¥ intertemporal sensory canal, CPM preoperculomandibular sensory canal, CEA
lateral (trunk) sensory canal, CSBsubopercular sensory canal, CSQupraorbital sensory canal, CSTsupratemporal (commissural)
sensory canal, CT& temporal sensory canal, FH hyoid fossa, FS= subtemporal fossa, NA anteriol nasal opening, N posterior
nasal opening, P& gular pit-line canal, P¥ infradentary pit line-canal, PB: dorsal pit-line canal, P& quadratojugal pit-line canal,
RA = anterior opening of rostral organ, R inferior opening of rostral organ, and RSsuperior opening of rostral organ].

We now observed in more detail the structure of tube-like elongated anterior nare. When the tube-like
the infraorbital canal under the tube-like anterior nasal nare is shifted to the side, we can see that the canal
opening. In the two fetuses studied (CCC no. 12 and beneath is ventrally open (Figures 5 and 3b). It means
22), the dorsal and medial walls of the canal are that it is unnecessary to specify an anterior ethmoid
not interrupted and the lateral wall is formed by the (commissural) canal because itis merely a continuation



121

of the infraorbital canal. Therefore, even the poste-
rior ethmoid canal may be labeled as the ethmoid
(commissural) canal only.

In late-term fetuses the lateral canal runs in a slightly
curvaceous manner along the body sides (Figures 1
and 4) to the tip of the epicaudal lobe- (caudal fin
according to Uyeno 1991). It runs inside the scales and
opens externally in each scale via two branches. One
branch aims dorsally, the other ventrally. Only close to
the head are several scales that have on their surface
fine pores through which this sensory canal connects
directly to the external environment.

Pit-line canals

The pit-line canals in both late-term fetuses are basi-
cally similar to these of the yolksac embryo and
of the juvenile described earlier by Hensel (1986).
Nonetheless, we found some other details not known
before. It is now certain that the pit lines in the liv-
ing coelacanth are not lines of superficial neuromasts
but pit-line canals covered by a thin epidermis. These |
canals can be injected with stain like other sensory |
canals of the lateral line. They have, however, quite a |
different structure and branching pattern compared to [
the lateral-line sensory canals of other modern fishes
(Hensel 1978). Figure 6. a — Dorsal view of the medial branches of the pit-line
Both medially oriented branches of the dorsal pit- canals conjoined by thin canaliculi (CCC no. 162.22)- Fine,
line canals of the late-term fetus CCC no. 162.12 richly branched canaliculi radiating from the quadratojugal pit-
connect on the head dorsum and clearly branches'"ne canal of the same specimen.
(Figures 2c and 6a). In addition, within the left medial
branch of this dorsal pit-line canal we discovered a
section that looks in form and size like the lateral-
line sensory canal. While injecting the quadratojugal
pit-line canal, we have found several plexuses of fine
canaliculi (Figures 6a and b) of unknown function. The
infradental pit-line canal runsin a grove of the bone and
its branches connect with canaliculi within the bone.
There are two gular pit-line canals, one on each gular
plate (see figure 4 in Balon et al. 1988 and figure on
the bottom of page 226 in Balon 1999). Each canal
is located in a slight depression approximately in the
center of the bone; it is covered by a thin epidermis that
can be easily pierced with a fine glass cannula (Figure Conclusion
7a). Through this opening the entire pit-line canal can
be injected with stain. After the injection of stain the Latimeria chalumna@habits steep slopes with prefer-
surface branches of the canal become clearly visible ably fresh lava rocks, cavities and caves not filled
(Figure 7b) as are their connections with the numerous by coral sand (Balon et al. 1988, Fricke et al. 1991,
deeper canals within the gular bone. Blowing with more Fricke & Hissmann 1994). It is a sluggish swimmer

pressure, it was possible to drive the stain even to the
most remote canals of the gular bone. These canals and
| canaliculi all have fine branches that lead to the ventral
surface of the gular bones where they exit to the outside
through delicate pores (Figure 7c). As already stated
earlier (Hensel 1986), this entire systems of canals in
the gular plates is reminiscent of the reticular canal
system described in some fossil agnathans and fishes
(cf. Thomson 1975, 1977). In order to learn more about
this system it would be necessary to find and survey the
nerve endings within the gular bones.



Figure 7. a — Depression on the ventral side of the gular bone
at the site of the gular pit-line canals (CCC no. 162.22} The
gular pit-line reticular canal system after hematoxyline injection
of the same specimer — Openings of the pore canals at the
ventral surface of the gular bone (CCC no. 162.12).

with a low metabolic rate (Hughes 1976) and, during
its nocturnal (foraging) drifts along the bottom, reg-
ularly performs intermittent head stands (Fricke et al.
1987) which were initially interpreted as a position that

ria’s digestive system (Uyeno & Tsutsumi 1991, Bruton
& Stobbs 1991, Forey 1998) is known to use cavities
in the bottom substrate for hiding.

Latimeria is able not only to move its lower jaw
but, thanks to an intracranial joint also to lift its upper
jaw (Thompson 1966, 1967, 1970, Forey 1990). This
feature, unique among extant vertebrates, allows for a
considerable increase in the oral gape, as Forey (1998,
p. 22) putsit: ! . . the presence of the intracranial joint,
together with the unusual hyoid arch and tandem jaw
articulation, would allow the jaws to be opened very
rapidly to a wide gape in which the lower jaw is thrust
forward’. In addition to the rostral organ (Northcutt
1980, 1986, Bemis & Hetherington 1982) it has dis-
tinct reticular system in the gular bones that probably
also function as an electro-sensory system.

The capture of prey by latimeria was never directly
seen or recorded (except for one anecdotal mention by
Bruton & Stobbs 1991, p. 320) in its natural habitats,
but the scenario of prey capture described earlier by
Balon (1990, 1991a) and partly by Uyeno & Tsutsumi
(1991) is now further supported by the existence of
the downward oriented gular electro-sensory system
described in this paper (Figure 7). As tested by Fricke
electricfieldsinduce the headstands in latimeria (Fricke
& Plante 1988).

‘Imagine a coelacanth drifting with the current close
to the bottom that suddenly senses with its rostral and
especially reticular electro-sensory systems in its gular
bones bioelectric field produced by a small fish or
cephalopod hiding in a lava cavity. Instead of wast-
ing energy by chasing a free-swimming prey, latimeria
makes a head stand, opens both jaws and, with the suc-
tion so created, slurps the prey from its hiding. This
explains not only its preferred habitat over lava sub-
strate with cavities free of sand, but also its behavior
(headstands) and its rare and accidental captures. Bait
of fishers is mostly floating above the bottom and only
exceptionally drifts into a cavity. Moreover, the bait is
dead and does not create an electric emission’ (Balon
1999, p. 226, our translation). This interpretation of
coelacanth feeding now requires only confirmation by
direct observation.

Lack of observation of natural feeding from sub-
mersibles can be explained that only disturbed individ-
uals were seen, to which the always erected first dorsal
fin attests. Natural feeding may be observed using
remote recording from ROV's, or directly in aquaria

‘enables the coelacanth to detect prey with greater ease’ 1 pp. 30-31. Newton Graphic Science Magazine 8(12): 10-31,

(Weinberg 1999, p. 178). The prey found in latime-

1988 (in Japanese).
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Bruton, M.N., A.J.P. Cabral & H. Fricke. 1992. First capture of

interpretation remains only a best scenario that some a coelacanth,atimeria chalumnagPisces, Latimeriidae), off

selfrighteous ‘taxonomists’ will probably ‘attack’ with
gusto, similarly to their ‘expertise’ revealed in case
of latimeria reproduction (Wourms et al. 1991, Balon
1991b vs. Heemstra 1998).
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