
Novel Structures Associated with Presumed
Photoreceptors in the Aboral Sense Organ

of Ctenophores

SIDNEY L. TAMM*

Bell Center, Marine Biological Laboratory, Woods Hole, Massachusetts 02543

It is rare nowadays to find something that nobody has
seen before, especially without using a new methodology
or looking in a new place. Using conventional differen-
tial interference contrast (DIC) microscopy, I describe
structures, heretofore not reported, in the well-studied
aboral sensory complex, or apical organ, of ctenophores.
Remarkably, the novel structures are placed symmetri-
cally next to bodies believed to be photoreceptors. The
nature and function of the new structures remain to be
investigated.

Aboral and lateral differential interference contrast (DIC)
microscopic views of the living apical organ in larvae or
dissected adult tissue of Mnemiopsis leidyi show four
groups of projections rising symmetrically from the con-
cave, thickened epithelial floor (Fig. 1). These projections
are called bristles because of their appearance, even though
they can flex. Each group of bristles is located next to one
of four crescent-shaped groups of dense structures, known
as lamellate bodies (1), in the epithelial floor (Fig. 1). By
DIC microscopy, a group of lamellate bodies resembles a
bunch of bananas on a tree, each banana presumably rep-
resenting a single cell (Fig. 2). The four lamellate body
groups lie on either side of the sagittal plane, in two pairs
extending from opposite sides of the central statocyst (Figs.
1, 2). The lamellate bodies consist of onion-like whorls of
coiled membranes derived from ingrown 9�0 cilia (1, 2),
and are presumed to be photoreceptors. In through-focus
aboral images of the concave epithelial floor of the apical
organ, the four bristle groups appear to stand up over the
outer ends of the four groups of lamellate bodies (Fig. 2).
However, in lateral views of tissue slices parallel to the
sagittal plane, the bristle groups are not part of the lamellate

bodies, but arise a short distance away from the outer ends
of the lamellate body groups, with one bristle group close to
each group of lamellate bodies (Fig. 3). Longitudinal views
of the curved epithelial floor avoid the depth of focus
artifact of apparent overlap of bristle groups and lamellate
bodies in aboral images. In lateral views of tissue slices
along the sagittal plane, slight adjustment of microscope
focus brings either member of a pair of bristle groups into
sharp view. Sagittal plane views also show that the bristles
incline toward the statocyst at the center of the apical organ,
due to the concavity of the epithelial floor (Fig. 3). Tentacular
plane slices focused above the statolith and close to the cov-
erslip show a pair of bristle groups side by side, apparently
over two groups of lamellate bodies seen end on (Fig. 4).
Again, this is a depth of focus artifact along the Z-axis.
The lower pair of bristle groups is too deep in the tissue
to image clearly.

A group of bristles resembles a conical brush, with the
bristles diverging from the base. Bristles vary in length from
43 �m to 85 �m, with a mean length of 61 �m (SD � 12,
n � 46). Individual bristles have a wider base, measuring
3–4 �m in diameter, which tapers to a pointed tip � 1 �m
in diameter (Figs. 3, 4).

The four groups of bristles contain similar numbers of
bristles, ranging from 4 to 9, with a mean of 7 bristles per
group (SD � 2, n � 46). Tangential views of the epithe-
lial surface at the base of a bristle group show that the
component bristles arise in a roughly circular array,
whose outside diameter is about 15 �m. Measurements of
bristle groups in profile views (sagittal or tentacular
plane) confirm the �15-�m-diameter size at the base
(Figs. 3, 4). It was not possible to determine whether all
the bristles in a group arise from a single cell or from
more than one cell.

The tips of the bristles may extend above the top of the
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statolith, depending on the position of the statolith with
respect to gravity. At right-angle orientations to gravity
(90° or 270°), the statolith is displaced downward, to-
ward the lower bristle groups. In these cases, the statolith
does not appear to touch or deflect the tips of nearby
bristles (Fig. 3).

The distal regions of the bristles usually sway weakly
to and fro in an apparently random motion. Rarely, a
group of bristles makes a rapid and concerted bending
movement. In two such instances, which were recorded in
different sagittal plane slices tilted at 90°, a bristle group
on the lower side of the statocyst suddenly flopped to the

Figure 1. Diagram of the location, orientation, and arrangement of bristle groups in the apical organ of
Mnemiopsis. (A) Whole animal viewed laterally in the sagittal plane (perpendicular to the tentacular plane).
The apical organ is located in the small black box near the aboral end (A, upward). Two rounded lobes
project downward from the oral end (O). The longer subsagittal (ss) and the shorter subtentacular (st) comb
rows are shown by heavy lines. (B) Higher-magnification view of the apical organ in the sagittal plane. The
statolith (s) is supported by balancer cilia (b) projecting from the epithelial floor (ef) of the statocyst cavity,
which is enclosed by dome cilia (d). One member of each pair of lamellate body groups (L; stippled) in the
epithelial floor is shown on opposite sides of the statolith. One member of each pair of bristle groups
projects from the floor (arrowheads) next to the outer ends of the lamellate body groups, on opposite sides
of the statolith. (C) Aboral view of the apical organ, with the sagittal plane oriented horizontally and the
tentacular plane oriented vertically. The major axis of the superellipsoidal statolith (s) runs in the tentacular
plane and the minor axis in the sagittal plane, with four notches where the distal regions of the four
balancers (not shown) enter the statolith (see 4). Four groups of lamellate bodies (L; stippled) lie in the
epithelial floor in two pairs along the sagittal plane on opposite sides of the statolith. Four groups of bristles
(arrowheads) project from the floor next to the outer ends of the four lamellate body groups. The bristles
are foreshortened for a perspective view from above the epithelial floor. The oval boundary of the floor is
the base of the dome cilia.
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epithelial floor, towards the nearby ciliary dome, then
straightened immediately, returning to its previous up-
right stance (Fig. 5). The flop happened only once during
the period of observation of the tissue preparation, and
occurred without any visible changes in the activity of
balancers, ciliated groove cilia, bridge cilia (see 3), or
waves on the dome cilia (see 4). The adjacent member of
the pair of bristle groups did not execute a flop, but

remained in its normal upright posture. In the example
shown, the complete cycle of bending and recovery took
�3 seconds (Fig. 5).

Bristles were observed on the epithelial floor next to
lamellate bodies in all sizes of Mnemiopsis examined,
except for very early larval stages. Nearly all of the
smallest free-swimming larvae (i.e., 13 of 14), measuring
0.5–1 mm along the oral-aboral axis, lacked bristles by
DIC microscopy, yet possessed a dome and four balanc-
ers supporting a small statolith. In slightly larger larvae,
1–2 mm long, bristles were present in a majority of larvae
examined (i.e., 6 of 9). Thus, bristles arise soon after
embryos hatch and become free-swimming. Whether
bristles persist or are replaced (turnover) during adult life
is unknown.

Bristle groups of similar appearance and arrangement
next to groups of lamellate bodies are found in the apical
organ of Pleurobrachia pileus and Beroë ovata. The main
features of bristle groups as described in Mnemiopsis may
therefore be characteristic of the apical organs in many, if
not all, ctenophores.

To my knowledge, these groups of bristle-like projections
on the epithelial floor of the ctenophore apical organ have
not been described. Previous anatomical studies of cteno-
phore apical organs relied principally on histological stain-
ing or transmission electron microscopy (TEM) of fixed
material (1–3, 5–7). The absence of any mention of these
bristles in the literature is unlikely to be due to their de-
struction during fixation procedures, since bristles are pre-
served in the apical organs of Mnemiopsis that were fixed
for TEM (Tamm, unpubl. data).

In my experience, the ability to visualize the bristles in
living animals depends on attentive observation of either
larvae immobilized under a coverslip or carefully oriented
dissections of tissue slices of adult apical organs that allow
views unobstructed by surrounding tissue and mesoglea.
DIC microscopy is preferable to phase-contrast or bright-
field optics for this purpose.

The existence of the bristles raises obvious questions.
What is the nature of these projections and the cells that
bear them? Future TEM studies should reveal the ultra-
structure and possible type(s) of cytoskeletal elements
within the bristles, such as actin, microtubules, or other
structures. Fluorescent staining with specific probes may
identify the chemical nature of specific bristle compo-
nents. The structure of the bristle base at its transition
into the cell body will be important to resolve. Possible
junctions or synapses between bristle cells and adjacent
lamellate body cells, nervous elements, or other types of
cells in the epithelial floor need to be identified and
mapped.

The motility of the bristles and bristle groups raises still
more questions. Do the weak, but continuous swaying

Figure 2. Differential interference contrast (DIC) microscopic ab-
oral views at two focal levels of the apical organ of a 9-mm Mnemiopsis
larva; the sagittal plane is oriented horizontally and the tentacular plane
vertically. (A) Upper focus above the epithelial floor shows the statolith
(s) composed of refractile lithocytes. A pair of bristle groups (arrow-
heads) is shown on opposite sides of the statolith, along the sagittal
plane. The bases and tips of the bristles are out of focus. Waves of
beating on the surrounding dome cilia are partially visible. (B) Lower
focus on the epithelial floor shows a pair of lamellate body groups (L)
on either side of the statolith (out of focus) along the sagittal plane.
Three developing refractile lithocytes are present in opposite sides of
the floor, along the tentacular plane (see 4). Bar, 10 �m.
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movements of bristles represent active movements, or pas-
sive responses to water currents set up under the enclosing
dome by the beating of resident cilia? Water currents in the
statocyst cavity have not been tracked systematically by
particles or dyes. During a previous study of lithocyte
transport on balancers (8), I noticed that free lithocytes,
dissociated from the statolith, are often whirled or spun
about by water currents under the dome (Tamm, unpubl.
data).

The sudden bending and recovery movement, or flop, of
a bristle group seems less likely to be a passive response,
since it occurs only rarely and without detectable accompa-
nying changes in ciliary activity or mechanical distur-
bances. Moreover, the adjacent bristle group of a pair does
not flop, but instead remains upright. This behavior shows
that bristles can certainly be flexible. If a flop is an active
movement of a bristle group, then a motile mechanism must
exist in bristles and/or their cell bodies.

Figure 3. Differential interference contrast (DIC) microscopic views
of bristle groups and lamellate bodies in a 1–2-mm-thick tissue slice cut
parallel to the sagittal plane from a 4.5-cm animal. The slide could be
rotated in a vertical plane with respect to gravity (see 16). (A) Low-
magnification view, at 0°-orientation, of the concave epithelial floor with a
bristle group (black arrowhead) on the left, inclined toward the statolith (s).

Figure 3. (Continued) (The oral-aboral axis is vertical, with the aboral
end facing up.) A crescent-shaped group of lamellate bodies (L) in
longitudinal profile lies between the bristle group and the compressed
balancer cilia supporting the statolith. The lamellate body groups and
bristle groups on the right side of the statolith are out of focus. Bar, 10
�m. (B) Higher-magnification view, at 180°-orientation, of the full
length of the same bristle group (black arrowhead) and the group of
lamellate bodies (L). (The oral-aboral axis is vertical, but the aboral
pole faces down.) Note the statoliths (s) hanging from the sickle-shaped
balancers (b). (C) At 90°-orientation, with the oral-aboral axis horizon-
tal and the aboral pole to the right, the same bristle group (black
arrowhead) and group of lamellate bodies (L) are on the lower side of
the statolith (s), which is displaced downward, but does not touch the
tips of the bristles. Bar: 10 �m (B) (C).

Figure 4. Differential interference contrast (DIC) microscopic view
of a pair of bristle groups and lamellate bodies in a tentacular plane
slice from a 4-cm adult tilted 90°. The fuzzy dark mass is the out-of-
focus statolith, displaced downward by gravity. The two bristle groups
(black arrowheads) of the pair lie side by side, close to (but not over)
the outer ends of a pair of lamellate body groups (L) seen end on. Bar,
10 �m.
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These observations all point to the main question: what
is the function of the bristles? Two features suggest that
bristles may be sensory receptors or structures related to
sensory organelles. First, they project from the epithelial
surface. Two other kinds of shorter projections from
epithelial cells are widely distributed over the epidermis
of a variety of ctenophores: non-motile cilia with a re-
markable, onion-like root structure, and thick pegs con-
taining a large bundle of actin filaments (5, 6, 9 –15).
Both types of projections may occur on the same epithe-
lial cell (11, 13). Ultrastructural evidence for synaptic
contacts of these cells onto adjacent neurites and gland
cells indicates that the cells are sensory receptors (11,
12). Experiments on the fingers of Leucothea, which
possess both types of projections, suggest that the non-
motile, onion-root cilia are mechanoreceptors that trans-
duce water disturbances by prey to muscular responses of
the fingers, possibly for prey capture (10).

Are the bristles mechanoreceptors for sensing displace-
ments of the statolith during changes in the orientation of a
ctenophore to the direction of gravity? At maximum body
tilt (90° or 270°), the downwardly displaced statolith does
not appear to touch or deflect nearby bristles (Fig. 3),
indicating that their role in geotaxis is unlikely. Instead,
deflections of the mechanoresponsive pacemaker balancer
cilia by the statolith have been shown to mediate geotactic
behavior (4, 14–16).

Second, it is remarkable that the geometrical arrangement
of the four bristle groups corresponds so closely to that of
the four groups of lamellate bodies, which ultrastructural (1)
and molecular-genomic evidence (17) indicate are photore-
ceptors. Not believing in anatomical coincidences leads one
to believe that the bristle groups may somehow be involved
in photoreception by ctenophores.
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264: 151–159.

14. Tamm, S. L. 1982. Ctenophora. Pp. 266–358 in Electrical Con-
duction and Behaviour in ‘Simple’ Invertebrates, G. A. B. Shelton, ed.
Oxford University Press, Oxford.

15. Tamm, S. L. 2014. Cilia and the life of ctenophores. Invertebr. Biol.
133: 1–46.

16. Tamm, S. L. 2015. Functional consequences of the asymmetric
architecture of the ctenophore statocyst. Biol. Bull. 229: 173–184.

17. Schnitzler, C., K. Pang, M. L. Powers, A. M. Reitzel, J. F. Ryan, D.
Simmons, T. Tada, M. Park, J. Gupta, S. Y. Brooks et al. 2013.
Genomic organization, evolution, and expression of photoprotein and
opsin genes in Mnemiopsis leidyi: a new view of ctenophore photo-
cytes. BMC Biol. 10: 107–133.

102 S. L. TAMM

This content downloaded from 128.128.044.104 on December 05, 2016 11:14:36 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).

http://www.journals.uchicago.edu/action/showLinks?pmid=4153344
http://www.journals.uchicago.edu/action/showLinks?pmid=25291633
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2FBBLv229n2p173

