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Little is known about mechanoreceptors in cephalopods. The anatomical data are
fragmentary; Graziadei (1964) described multipolar nerve cells in the arms of Octopus
and the lips of Sepia and similar structures have been described in the mantle of
Octopus (Sereni & Young, 1932) and Eledone (Alexandrowicz, 1960). While there is
good physiological evidence for the existence of mechanoreceptors in the mantle of
Octopus (Gray, I960; Wilson, 1960; Boyle, 1976), mechanoreception in the mantle
and fins of decapods has not been investigated. Here we present physiological
evidence that there are receptors along the entire length of the cuttlefish fin that
respond to mechanical stimuli. We also identify unusual structures in the fin whose
distribution is consistent with their being these receptors.

The nerves to the fins of Sepia ojficinalis pass through a foramen in the mantle on
each side and radiate out beneath the skin in a series of approximately fifteen bundles
(Tompsett, 1939). The mantle foramen was exposed by cutting away the overlying
skin under MgCb anaesthesia (Messenger, Nixon & Ryan, 1985). Animals were held
in a Perspex holder that clamped onto the mantle over the cuttlebone allowing free
movement of the fins as well as normal respiratory movements. A suction electrode
was attached to an intact fin nerve and its spontaneous activity was monitored using
an Isleworth A103, or a Tektronix 122 preamplifier.

Regular, patterned bursts of potentials were recorded in each of the fifteen identifi-
able nerve bundles and were visually correlated to the beating of the fin itself (Fig.
1 A). The nerve was then cut and each severed end attached to a suction electrode. The
proximal end showed activity similar to that of the intact nerve while the distal end
was silent. Stimulation of the animal induced more vigorous beating and increased the
efferent activity recorded from the proximal cut end. During this fin beating we also
recorded activity in the distal portion of the nerve at the bottom of the downstroke of
that region of the fin innervated by the nerve (Fig. IB).

Decapitated preparations (N = 8) were used to study this afferent activity in more
detail. The mantle was secured with pins onto a Sylgard dish and the fin was spread
flat and secured with pins on a raised platform of Sylgard. A suction electrode was
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Fig. 1. Recordings of spontaneous activity in a fin nerve of Sepia offidnalis. (A) Activity of an intact
nerve. Bursts correlated with upward movement of the fin are marked with a dotted line. (B) Recordings
from the proximal (upper) and distal (lower) cut ends of a fin nerve demonstrating the existence of
afferent units being stimulated close to the bottom of the downstroke. Underlining as for A.
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Fig. 2. Recordings of afferent activity from the distal cut ends of fin nerves in response to mechanical
stimuli. (A) Three identifiable tonic units that all show a decay in response during stimulation. Two
of the units appear to give an 'off response. (B) shows a phasic unit with a short 'on' response, and
a tonic unit with decaying response. (C)—(F) show four recordings of phasic units with varying
responses to the stimulus. Most of the phasic units appear to show 'off responses. Time bar is 0.5 s
for A and B, and 0.25 s for C-F.

attached to the distal cut end of each fin nerve and recordings were made of the
afferent units. Mechanical stimuli varying from a light touch or scratch to a strong
downward pressure, repeated or sustained, were made to the fin surface by hand using
a glass or wooden rod. These consistently evoked responses in the distal portion of the
fin nerve, especially when applied to the lateral margin of the fin (see below).
Subsequently we applied pressure to the fin via a plastic rod fixed to a speaker
cone driven by a signal generator; no attempt was made to quantify the pressures
applied.
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Fig. 3. Dorsal view of a cuttlefish showing a partial dissection of the fin nerves (a—e) at the right
hand mantle foramen (F) and their receptive fields (a '-e *) as determined by simultaneous mechanical
stimulation and recordings from the distal ends of cut nerves. Branching of nerve bundles was variable
among the specimens examined; the general pattern of branching for one specimen is illustrated here.
Subdivisions within each nerve bundle were also observed and could be mapped sequentially within
each field. Note that some overlapping of fields was observed.

Three types of response were recorded (Fig. 2): (1) phasic bursts of potentials
(from 5-20 different units) at the onset of the stimulus, (2) tonic bursts of potentials
(from 10-15 different units) whose firing frequencies decayed slowly and (3) phasic
bursts of potentials (from 1—6 different units) at the end of the stimulus. Similar
response patterns were recorded from all the fin nerves. It was possible to map the
receptive fields of each of the fin nerves and demonstrate that the entire length of the
fin is represented in the afferent input to the CNS (Fig. 3). It needs emphasizing that
all classes of response persist, apparently unaltered, when the overlying skin is
stripped off, demonstrating that the receptors are not in the skin (cf. Octopus mantle,
Gray, 1960) but in the fin musculature. Our recordings revealed little difference in
the distribution of receptors along the length of the fin but an uneven distribution
across it. By far the highest concentration of receptors is at the lateral margin; they
are less numerous at the medial margin and scarcest of all centrally.

A preliminary histological investigation of the fin revealed none of the kind of
multipolar nerve cells described previously (loc. cit.), but instead a large population
of unusual structures embedded in, but distinct from, the fin musculature itself (Fig.
4). They are especially numerous along the lateral fin margin and are not present in
the skin so that they are clearly candidates for the origin of the mechanoreceptor
activity described here. Light-microscopic observations of sections stained with
Milligan's trichrome (Humason, 1979) and by Palmgren's (1948) silver method (see
Bone, 1972) show that these structures comprise sets of obliquely-striated muscle
cells, some of which exhibit 'double-oblique striations' (Fig. 4), such as is often seen
in isolated obliquely-striated muscle cells (Hanson & Lowy, 1957, 1960). They take
up the same stains as the surrounding muscle, but much more intensely. They may,
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Fig. 4. Micrographs of transverse (A) and parasagittal (B, C) sections of cuttlefish fin showing the
putative muscle receptor organs. (A) Intensely-staining receptors (arrows), visible in the musculature
of the fin, are concentrated towards the lateral margin. Scale bar, 1 mm. (B) High power view of two
receptors illustrating orientations both parallel, and perpendicular to the dorso-ventral muscles in
which they lie. Scale bar, 100 fan. (C) Single receptor at high power showing 'double oblique' pattern
often observed in obliquely-striated muscle cells. Scale bar, 50 Jim. Palmgren's silver stain.
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therefore, be analogous to the muscle receptor organs of crustaceans and other arth-
ropods (see Mill, 1976) and vertebrates (see Matthews, 1972). It is striking that the
long axes of these putative mechanoreceptors in the cuttlefish fin are oriented in three
mutually perpendicular planes suggesting that deformation of the fin in any direction
might be detected.

Although these structures occur in parts of the fin that are richly innervated, we
have so far seen no trace of any nerve fibres unequivocally associated with them. It
clearly remains to be established whether or not these are the receptors responsible for
the physiological responses reported here. Their structure, as well as the
neuromuscular organization of the fin and its behaviour during swimming are current-
ly under investigation. At present we can only say that there are undoubtedly
mechanoreceptors in the fin and that cuttlefish probably utilize peripheral mechanical
information during swimming to regulate or control their fin beat.
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