Reference: Biol. Bull. 182: 248--256. (April, 1992)

Giant Axons and Escape Swimming in Euplokamis
dunlapae (Ctenophora: Cydippida)

G. 0. MACKIE!, C. E. MILLS*, AND C. L. SINGLA'

'Biology Department, University of Victoria, Victoria, British Columbia, V8W 2Y2, Canada, and
Friday Harbor Laboratories, University of Washington, Friday Harbor, Washington 98250

Abstract. FEuplokamis dunlapae responds to anterior
stimulation by reversing the beat direction of its comb
plate cilia and swimming rapidly backwards. It responds
to posterior stimulation by swimming forwards at an ac-
celerated rate. Video playback and laser monitoring were
used to analyze changes in the pattern of ciliary beating,
while electrical activity was recorded extracellularly. Es-
cape responses occur with latencies of less than 150 ms
and involve greatly increased ciliary beat frequencies.
Giant axons run longitudinally along each of the eight
comb rows, as shown by optical and electron microscopy.
They form chains of overlapping neurons, with diameters
of about 12 um in life, and conducting at over 50 cm -
s™! as recorded with an extracellular electrode placed di-
rectly over the chain. The giant neurons are synaptically
linked with smaller neurites of the general ectodermal
nerve plexus, with each other, and with the ciliated cells
of the comb plates. They appear to constitute a single
system mediating rapid conduction of signals in either
direction, but a full analysis was not attempted for lack
of sufficient material. Electro-physiological examination
of two other ctenophores (Pleurobrachia and Beroé) gives
no indication of rapid conduction pathways, and these
forms probably lack giant axons.

Introduction

Several cydippid and lobate ctenophores have the ability
to reverse the direction of the power stroke of their comb
plate cilia. In the best-studied example, Pleurobrachia
(Tamm and Moss, 1985; Moss, 1986; Moss and Tamm,
1986, 1987), reversals occur unilaterally as part of feeding
behavior, and make the animal rotate on its axis. Reversals
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can also occur simultaneously in all the comb rows, caus-
ing the animal to swim backwards. Several cases of reverse
swimming have been reported (reviewed by Tamm, 1982),
but none have been studied in detail. We here describe
the responses of an unusual and interesting cydippid
ctenophore, Euplokamis dunlapae, that responds rapidly
to stimulation by forward and reverse swimming. A novel
feature of these responses is that they appear to be me-
diated in part by giant axons that run under the comb
rows.

A taxonomic account of Euplokamis dunlapae (Fig. 1).
is given by Mills (1987). The species is probably the most
abundant midwater ctenophore in the Strait of Georgia
and adjacent fjord systems, reaching its greatest density
at 250 m; however, specimens are rare above 100 m, and
only very infrequently found at the surface (Mackie and
Mills, 1983; Mackie, 1985). They are too fragile to be
collected and brought to the surface in nets. Thus, op-
portunities to study them have been few. In 1984 we ob-
tained enough specimens for a study of their prehensile
tentilla (Mackie et @/, 1988). In 1990 and 1991 we ob-
tained five more specimens, on which this account is
based. Having so few specimens necessarily limited the
scope of the study, but they were in good physiological
condition, and there is no reason to doubt the generality
of the findings.

Materials and Methods

Specimens of Euplokamis dunlapae Mills 1987 were
collected off the dock at the Friday Harbor Laboratories
and kept in wide-mouthed glass bottles at 8°C until used.
Material for electron microscopy was fixed in 2.5% glu-
taraldehyde in 0.4 M Millonig’s phosphate buffer at pH
7.4 for 1 h at room temperature, rinsed, and osmicated



