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Summary. Electrical recordings from the exposed pi-
neal organ of the pike (Esox lucius L.) were performed
in order to localize the photoreceptive structures. Ex-
tracellular recordings showed a maintained activity
of nerve fibers from the pineal tract and of single
neurons from the distal region of the pineal organ.
At increasing levels of steady exposure to white light,
the impulse frequency decreased. Illumination of the
organ with wavelengths between 380 and 710 nm re-
sulted in an inhibition of the spike activity (achromat-
ic response), associated with slow graded responses
(electropinealogram, EPG). Sensitivity curves exhib-
ited maxima at 530 and 620 nm in the light adapted,
and one maximum at 530 nm in the dark adapted
organ. In rare occasions, inhibitory (4,,,, 380 nm) and
excitatory (A,.. 620 nm) responses were recorded
from single ganglion cells (chromatic response). Some
observations (dark adaptation curves; intensity-dura-
tion relationship) suggest that the spike potentials
and graded responses are probably not generated by
the same structures. Moreover, slow potentials with-
out spike potentials were recorded from isolated me-
dial regions of the pineal where no nerve cells are
observed.

The pineal organ of the pike appears to be a func-
tional photoreceptive organ that may act as a dosi-
meter of solar radiation, and as an indicator of day-
length. The morphological differentiation of its epi-
thelium is closely related to its function, no electrical
activity being propagated from the medial region to
the brain.

* Present address: Laboratoire de Biologie Cellulaire, L.A.
CNRS 290, Université de Poitiers, U.E.R. Sciences, 40, Avenue
du Recteur Pineau, F-86022 Poitiers Cédex, France

Abbreviation: EPG electropinealogram

Introduction

The epiphysis cerebri of fish is a direct photosensitive
organ (Dodt 1973) that may also have a neuroendo-
crine function (see Falcon 1979a for references). Since
indole compounds are synthesized in pineal photore-
ceptors, they might be considered as photoneuroen-
docrine elements (Oksche 1971).

In contrast to other teleost fishes, the epiphysis
of the young pike exhibits regional differences in
structure. (1) The organ can be divided into 3 mor-
phologically different parts (Falcon 1979a; Fig. 1).
(2) Typical cone-like photoreceptors were identified
in the distal and proximal regions of the pineal,
whereas partially rudimentary photoreceptors with
degenerated outer segments and/or absence of synapt-
ic contacts were mainly localized in the medial part
(Falcon 1979b). (3) The number of nerve cells was
high in the proximal part, low in the distal, and zero
in the medial part (Falcon 1979c; Falcon and
Mocquard 1979). (4) S5-hydroxytryptophan/5-hy-
droxytryptamine (5S-HTP/5-HT) and monoamine oxi-
dase (MAO) activity were mainly localized in the me-
dial region (Falcon etal. 1980a). However, typical
as well as partially rudimentary photoreceptors were
seen to uptake labelled tryptophan (5-TP->H) and
5-HTP-*H (Falcén et al. 1980b). '

It was therefore suggested that only the distal and
the proximal region convert photic information into
electrical impulses, transmitted along nervous path-
ways to other parts of the brain. However, it is un-
known if the partially rudimentary photoreceptors
are still photoreceptive.

The following study was performed in order to
complement the structural observations by electro-
physiological recordings.

0340-7594/81/0144/0127/$02.20



128

Materials and Methods

Animals. Pikes (body length 10 to 50 cm) were obtained from a
commercial hatchery and kept in oxygenated fresh water. The daily
photoperiod was 12L/12D. Experiments were performed between
October 1978 and July 1980.

Recording of Impuise Activity. Fifty animals were used for these
experiments. The fishes were anesthetized with nembutal (pentobar-
bital natrium Abbott, subcutaneously applied in a single dose of
6 mg/100 g} and immobilized by an injection of tubocurarine chlo-
ride (Asta, 0.3 mg/100 g). The pineal was exposed by excising the
overlying skin and removing the bone with a dental drill. In some
control experiments the lateral eyes were removed. The animal
was then placed in a trough, and covered by wet gauze. A continu-
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ous flow of oxygenated water of room temperature was provided
through the gills. Platinum-iridium glass insulated microelectrodes,
with a tip diameter of 5 pm, were used for recording. The active
electrode was guided by means of a micromanipulator to the sites
of recording and its position was adjusted until the maximum
of activity was obtained. The indifferent electrode was placed on
the skull. Potentials were amplified, displayed on an oscilloscope
and monitored by a loudspeaker. In some preparations, histological
marking of the recording sites was performed by electrolytical
deposit of iron from steel microelectrodes (prussian-blue reaction;
Morita and Bergmann 1971).

Recording of Slow Potentials. Slow potentials were recorded from
20 ‘in vitro® preparations. After decapitation, the organ was excised
and covered with goldfish Ringer solution. After removal of the
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Fig. 1. A Nervous discharge recorded from the pike’s pineal tract (left) and from a single cell of the distal part (right), inhibited
by a 1s stimulus of white light (2900 pW/cm?). B Sagittal section through the pineal organ. (1) and (1') sites of recording electrodes,
(2) indifferent electrode; dpi distal pineal; ds dorsal sac; sco habenular commissure; mpi medial pineal; npm non-pigmented meninges;
olb olfactory bulb; op/ optic lobes; par paraphysis; pco posterior commissure; pme pigmented meninges; pn pineal neuron; ppi proximal
pineal; ppo parapineal organ; sco subcommissural organ; vel velum transversum. C Histological sections showing electrolytical deposit
of iron at the recording sites (arrows) in the dorsal wall of the proximal region, close to the pineal tract (left), and in the ventral

wall of the distal region (right); eosin staining; x 60
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meninges and dorsal sac, the isolated pineal was placed on a saline
soaked filter paper. The cut end of the pineal stalk was lifted
onto an Ag-AgCl cotton wick electrode. The indifferent electrode
was in contact with the Ringer solution. In addition, 4 ‘in vivo’
experiments were performed with the pineal organ being exposed
as described in above. The responses were d.c. amplified, displayed
on an oscilloscope and filmed.

Recordings from Isolated Parts of the Pineal. The proximal, medial
and distal pineal regions (Fig. 1) of 9 pikes were separated by
means of a razor blade. Potentials were recorded between 2 Ringer
solution filled glass pipettes of 60 to 80 um in diameter, inserted
mto Zn-ZnSO, electrodes. The glass tips were in contact with
both sides of the ventral or dorsal epithelium. The d.c. amplified
potentials were displayed on an oscilloscope, averaged by means
of a computer and photographed. After the experiment, the tissues
were fixed by 4% formalin and embedded in paraffin for histologi-
cal control.

Stimulus. Stimuli were provided by a 150 W xenon arc. Two inde-
pendent beams were available; wavelengths were controlled by
Schott interference band filters (half band width 16 to 22 nm).
For the attenuation of the light stimuli neutral density absorption
filters were used.

Results

Extracellular recordings from the exposed pineal
showed a maintained spontaneous activity of fibers
from the pineal tract and from single cells in the
distal region (Fig. 1). No impulse activity could be
recorded from the medial region. Illumination of the
organ by white light resulted in an inhibition of the
spike activity (Fig. 1 A) associated with slow graded
responses (Figs. 3A, B, 4C). Spike off responses were
occasionally seen at the cessation of the stimulus.

Spike Discharges

The absolute threshold was determined by measuring
the light energy necessary to obtain the first percepti-
ble decrease of the discharge rate in a 3 hours dark
adapted animal. For a white stimulus of 500 ms dura-
tion, a value of 2.5x 107° Im/m? (~8 x 10™° ¢cd/m?)
was obtained.

The firing rate of nerve fibers in the pineal tract
was determined first after 2 h of dark adaptation,
then during steady exposure to stepwise increased in-
tensities of white light. A decrease of nerve impulses
was seen which was almost linear between 10~ 3 and
0.3 cd/m” (Fig. 2). At low (<107° cd/m?) and high
(> 100 cd/m?) levels of illumination the spontaneous
discharge remained almost constant (cf. Morita
19664a).

Slow Potentials

Recordings from the pineal tract revealed, upon light
stimulation, a monophasic response pattern (Figs.
3A, B, 4C). The shape of the EPG depended on
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Fig. 2. Maintained nervous discharge (impulse/s) of the pike’s pine-
al tract (=7, mean values and standard deviation) during exposure
to steady white light (abscissa O =1300 pW/cm?, about 10% cd/m?)

the intensity and the wavelength of the stimulus and
its duration as well as on the state of adaptation.
The change of potential was slower in darkness than
in the light adapted state (cf. Fig. 3A, B); otherwise,
the shape remained unaltered, except for a long last-
ing d.c. component which was particularly seen at
high stimulus strengths (Fig. 3B). For constant test
flashes of increasing duration, both amplitude and
duration of the responses increased up to a stimulus
period of 2 to 4 s (Fig. 3A; see below). For stimuli
of longer duration the mean amplitude of response
remained nearly constant with a slow return of poten-
tial towards the base line upon cessation of the stimu-
lus (Fig. 3A).

For test flashes of constant duration, the increase
of stimulus intensity resulted in an increase of both
amplitude and duration of response as well as in a
shortening of the rise time and delay period (Fig. 3B).
For stimuli intensities higher than 2.5 log above EPG
threshold the amplitude of the response remained
rather constant while the decline of potential after
the stimulus occurred in 2 phases: an initial rapid
phase followed by a slower one which outlasted the
stimulus for many seconds (Fig. 3B).

In those experiments where both EPG and spikes
were recorded the absolute threshold for the EPG
was found to be similar as for the spike responses.

Spectral Sensitivity

Achromatic Response. Most of the nerve cells studied
in the pike’s pineal displayed maintained activity in
darkness which was inhibited by light stimuli of all
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Fig. 3A-C. Responses to light of the pike’s pineal organ. A EPG responses to constant test flashes (340 nm; 1.5x107° uWjcm?) of
increasing duration. B EPG responses to constant test flashes (540 nm; 0.55s) of increasing intensities (ordinate O=97 pWfcm?). C
Graph showing the relation between the duration (abscissa) and intensity (log values) of the light stimuli for a criterion response
of the pineal. EPG data: dashed lines; spike data: lines drawn in full. Achromatic responses (a) were recorded to test stimuli of
520 nm in darkness or during steady exposure to white light as indicated; the excitatory component of the chromatic response (b)
was recorded to test stimuli of 535 nm during conditioning with ultraviolet (362 nm) light
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Fig. 4A-D. Achromatic response of the pike’s pineal. A Relative spectral sensitivity curves (spike data) measured in darkness and during
exposure to different levels of radiation (white light). B The same during chromatic adaptation to red (above, KIF 610) or to blue-green
(below, KIF 5804 BG 12) light of different intensities. C Slow responses (EPG) of the dark adapted pineal to stimuli of different
wavelengths carrying the same energy (1.3 x 1073 pW/ecm?). D Relative spectral sensitivity curves after several (3 to 5) h in darkness
(® spikes; ¢ slow potentials; — Dartnall’s nomogram V.P. 540 nm)

wavelengths between 380 and 710 nm (achromatic re-
sponse). Accordingly, the slow potentials recorded
had all the same polarity and did not change their
polarity with wavelength (Fig. 4C).

In a series of experiments spectral sensitivity
curves were determined by measuring the relative en-
ergy causing (i) the first perceptible inhibitory re-
sponse (spikes) or, (i) a constant response (EPG).

Comparing the data obtained after several hours of
dark adaptation (showing a single peak at about
540 nm) with those obtained during light adaptation,
there is a shift of the maximum to longer wavelengths
(620-640 nm) with a secondary peak in the green
(530-540 nm, Fig. 4A). With exposure to stepwise de-
creasing intensities of white light, the high sensitivity
to red light was gradually replaced by other wave-
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Fig. 5A, B. Chromatic response recorded from a single cell in the
distal part of the pike’s pineal organ. A Inhibition of the maintained
discharge in response to ultraviolet (362 nm) light, and excitation
in response to green (535 nm) light. B Relative spectral sensitivities
of the inhibitory (dots) and excitatory (circles) thresholds during
steady exposure to weak green and ultraviolet background, respec-
tively

lengths, until, after 3 h of dark adaptation, sensitivity
was highest in the green part of the spectrum
(Fig. 4A, D). Selective adaptation to red or to blue-
green light diminished or suppressed the peak in the
red or the green part of the spectrum, respectively
(Fig. 4B).

Chromatic Response. Only at very rare occasions the
electrical activity of single nerve cells in the distal
part of the pineal was inhibited by test lights of short
wavelengths and increased by long wavelengths (chro-
matic response) causing a lasting change of the im-
pulse pattern, persisting for many seconds (Fig. SA).
Inhibitory thresholds were lowest at 380 nm when
measured against a weak green (535 nm) excitatory
background, while the excitatory thresholds exhibited
a minimum at 620 nm, as measured against a week
background of ultraviolet light (362 nm, Fig. 5B).

Dark Adaptation

Slow Potentials. After a 30 min exposure to white
light (1300 pW/cm?) the EPG amplitude was seen to
increase in darkness according to the flash intensity
used, i.e., fast with high energy flashes and slower
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with test stimuli of lower intensities (Fig. 6 A). Gener-
ally, during the first minutes in darkness the increase
of the response amplitude was fast, and then became
slower until it reached a maximum (depending on
the flash intensity and the time interval in the dark).
From these response curves, a conventional dark ad-
aptation curve was drawn, similar to that obtained
by the measurement of EPG thresholds (Fig. 6C),
by plotting the intensity of the light flash (necessary
for a small constant response) against time in dark-
ness. No further changes occurred after 90 min in
darkness.

The dark adaptation curves of the EPG differed
from those obtained with spikes (see below) in that
no knee could be detected; the experimental data
were fitted (line drawn in full) by an equation of
Y=Ae "B+ Ce P +E(A=—1,907;B=23,554;C=
—2,750; D=1,486; E=5,841).

Spikes. For the spike data, the change of threshold
after light adaptation to 1300 uW/cm? (about 108
times the dark threshold) consists of two branches,
with a knee at their intersection (Fig. 6C) which ap-
peared 20 to 40 min after the light was turned off
{depending on the intensity and duration of the light
adaptation period). In the beginning of dark adapta-
tion the decrease of threshold was very rapid both
for the red and the green test lights. There was distinct
difference in threshold for the two test lights in favour
of red one before the knee and green one after. The
equation fitting the EPG data in (a) did not describe
the dark adaptation curves obtained with inhibitory
spike thresholds.

Increment Thresholds

Only spike data of the achromatic response were
available in the determination of incremental thresh-
olds. After 3h of dark adaptation the inhibitory
threshold was measured, then the organ was exposed
to white light beginning from low to high levels of
adaptive radiation and at each step the inhibitory
thresholds were determined to flashes of 540 and
620 nm. The curves obtained were bisectioned with
a knee at their intersection. At low levels of adaptive
radiation the change of threshold was bigger for green
than for red light, i.e., the organ became relatively
more sensitive to red than to green light. At high
levels of light exposure the loss of sensitivity was
similar for both wavelengths.

Bloch’s Law

Bloch’s law states that for a visual threshold response
the product of intensity and duration of test lights
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Fig. 7. EPG response recorded from distinct separated regions of
the pike’s pineal organ in vitro, in response to flashes of white
light (2.9 mW/cm?) and of 0.5 s duration in darkness; the record-
ings were made from distal (dpi), medial (mpi), and proximal (ppi)
regions (8 responses averaged)

is constant up to a stimulus duration of 0.03 s in
light adapted state and of 0.10 s after dark adaptation.
For longer stimulus duration only the intensity deter-
mines the threshold.

Achromatic Response. For the EPG of the pike’s pine-
al organ (Fig. 3C (a)) the product of intensity and
duration was constant up to a critical period of 2s
(symbols connected by dashed line). This was seen
after dark adaptation and during exposure to light.
For longer stimuli, the product of intensity and dura-
tion of the stimulus increased.

For the inhibitory spike threshold (symbols con-
nected by full lines) the critical duration of the intensi-
ty-duration relationship of the stimulus was different
after dark adaptation and during exposure to light
(Fig. 3C (a)). After dark adaptation it followed
Bloch’s law up to 0.75-1 s in the dark adapted, and
up to 100-250 ms in the light adapted organ.

Chromatic Response. The intensity-duration relation-
ship of the test stimulus for the chromatic response
was studied for the excitatory threshold against a
weak inhibitory (362 nm) background. The integra-
tion time for the response was more than 10s
(Fig. 3C/b).

Photosensitivity of the Pike’s Pineal in vitro

In order to investigate the electrical activity of differ-
ent regions of the isolated pineal, the organ was re-
moved, and the distal and proximal parts were sepa-
rated from the medial part where, according to Falcon
(1979b) and Falcén and Mocquard (1979) only rudi-
mentary photoreceptors are present without any gan-
glion cells.
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Intense (2900 pW/cm?) flashes of 0.5s duration
were applied in darkness, just after placing the elec-
trodes. Under these conditions, slow potentials were
recorded from all regions of the isolated organ
(Fig. 7). The responses to flashes were abolished dur-
ing exposure to strong light (1300 pW/cm?), and re-
covered after cessation of the adapting light.

After dissection (removal of the meninges and dor-
sal sac) the shape of responses (amplitude, latency,
rise time) varied strongly with the condition of the
preparation and the position of electrodes. Therefore,
the shape of potentials shown here should not be
compared in all details, even when recorded from
parts of the same organ. Histological controls showed
for the medial part of the organ a folded epithelium,
which is a typical feature of this region (Fig. 1).

Discussion

Functional Significance of the Photosensitivity

The results presented above indicate that the pineal
organ of all pikes investigated is photosensitive. Addi-
tionally to the impulse discharges of nerve cells in
the distal pineal region, and to nerve fibers in the
proximal part, slow graded potentials were recorded
from the pineal tract. The highly preserved structure
of the pike’s pineal organ is reflected by the low
intensity dark threshold of about 10~ ° Im/m? for both
spikes and slow graded potentials, a value similar
to that obtained in the dark adapted pineal of the
trout (Morita 1966a).

Prominent in the pike’s pineal light sensitivity is
a maintained discharge that is inhibited by all wave-
lengths of the visible spectrum, i.e., an achromatic
response. During steady exposure to light, the dis-
charge of the pineal tract signals the level of illumina-
tion over a range of 8 log units. Although the spectral
absorbance of the tissue covering the organ from
above (skin, skull) was not measured, it did not atten-
uate the incident light by more than 0.5 log in the
animals used. Thus, as for other pineal organs (Mori-
ta and Dodt 1965; Hamasaki and Esserman 1976)
the pike’s pineal organ may operate as a dosimeter
of solar radiation, and as an indicator of daylength.
It may thereby exert an influence on circadian and
circannual biological rhythms.

The spectral sensitivity in the dark, and during
exposure to white and chromatic light, as well as
the changes of threshold during dark and light adap-
tation show the presence of two mechanisms in the
pike’s pineal, a red (A, =620-640 nm) and a green
(Amax = 530-540 nm) one, resembling the Purkinje shift
in the frog’s epiphysis cerebri (Dodt and Morita
1964). This indicates a high degree of specialization.
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Considering the diurnal variations of environmental
illumination under water, the transmission spectrum
at depths between 1 to 4 m is very broad during day
time (Munz and McFarland 1977), thus permitting
both the green and the red mechanism of the pike’s
pineal to operate. However, during twilight and after
sunset, or just before sunrise, the longer wavelengths
are strongly absorbed at this depth. Under such light-
ening conditions the pike’s pineal exhibits a sensitivity
change from the red to the green. This indicates a
more complex mechanism as in the trout where a
similar shift of sensitivity is lacking (Morita 1966a).
This switching process puts the more sensitive of the
two mechanisms in the photopic or in the scotopic
range of illumination, thereby increasing the photore-
ceptive capacities of the pineal organ.

Only very rarely, nerve cells of the pike’s pineal
were found to produce chromatic response, i.c., cells
which exhibited spike inhibition to short wavelengths
(Amax =380 nm) and excitation to long wavelengths
{(Amax =620 nm). The number of such cells is probably
very small in the pike’s pineal. Evidence for this con-
clusion is provided by the EPG representing an aver-
age of all light sensitive elements stimulated, which
in the pike exhibited an achromatic type of response
whereas the EPG in the frog (Dodt and Heerd 1962;
Baumann 1962) and in the lizard (Dodt and Scherer
1968) showed a chromatic type of response. So far,
the pike’s pineal behaves similarly to other teleosts,
where chromatic units are very rare or even absent
(Morita 1966a).

Origin of Slow Potentials

According to Hamasaki and Eder (1977) slow poten-
tials represent mass potentials occurring in many neu-
rons, while others (Morita and Dodt 1973; Donley
and Meissl 1979) suggest that they are summated ex-
tracellular receptor currents. For the following rea-
sons we exclude the EPG to be generated by nerve
cells:

— Slow potentials were recorded in vitro from all
parts of the pike’s pineal organ, while nerve cells
were scarce in the distal part, and absent in the medial
one.

— Using glass electrodes for recording, the polarity
of the EPG depended on the recording electrode posi-
tion. Thus, as already seen in the pineal organ of
the lamprey, the structures generating the graded po-
tentials are oriented in respect to the site of the record-
ing electrode, which is not seen in the case of the
nervous elements.

— The time course of dark adaptation for pineal gan-
glion cell responses consists of two functions with
a knee at their intersection. By contrast, the EPG
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dark adaptation curves can be described by the addi-
tion of two exponential terms, which do not produce
a knee. Since the switching process effecting the
change from the photopic to the scotopic level oper-
ates probably at the level of ganglion cells, the graded
potentials should arise earlier (Donley and Meissl
1979).

— The time interval within the product of intensity
and duration of the stimulus produces a constant
response is different. While the EPG follows Bloch’s
law for periods up to 4 s in the dark adapted state,
this relation holds only up to 1s for the nerve dis-
charges. Moreover, at photopic levels, the critical du-
ration decreases considerably for the spikes while it
remains constant for the EPG. A similar phenomenon
was described earlier for the response of the frog’s
epiphysis (Donley and Meissl 1979).

— Application of aspartate, an agent which was found
to isolate the PIII component of the lateral eye (Sill-
man et al. 1969), to the pike’s pineal organ in vitro,
increases the nervous discharges considerably without
affecting the slow potentials (Meissl, unpublished ob-
servations).

All these observations indicate that the EPG and
the spike responses are generated by different cell
types. Considering that the interstitial cells are unre-
sponsive to light, we conclude that the EPG represents
the sum of extracellular receptor currents, generated
by the photopic and scotopic elements of the epiphysis
(Donley and Meissl 1979). If this conclusion is valid,
the EPG is a direct and easy way to study the re-
sponses of pineal photoreceptors.

Functional Differentiation and Possible Photoneuro-
endocrine Transducers in the Pike’s Pineal Organ

The absence of nerve cells in the medial part of the
pike’s pineal (Falcon and Mocquard 1979) explains
why successfull recordings of spike discharges from
this region were only exceptional, and probably origi-
nated from nerve axons from the distal part of the
organ running towards the posterior commissure. We
therefore assume that the medial part of the pineal
organ is only secretory, while there is nervous and
possibly secretory activity in the distal and proximal
regions.

As in the lamprey (Meiniel and Hartwig 1980),
the indole biosynthesis in the pike’s pineal organ is
probably directly affected by light. This assumption
is supported by the observation that only a very small
number of catecholaminergic fibers was seen in the
surrounding tissues (Owman and Riideberg 1970;
Falcon et al. 1980a). In mammals, the indole biosyn-
thesis is indirectly affected by light through retino-
hypothalamic fibers, the suprachiasmatic nuclei, and
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catecholaminergic nerve fibers originating in the supe-
rior cervical ganglion (Deguchi 1979; Rusak 1979).
It was further suggested that in pineal sensory cells
light might be converted into both electrical and neu-
rohumoral outputs (Oksche 1971 ; Oksche and Hart-
wig 1975, 1979).

The present and previous findings (Falcon et al.
1980b) suggest that the typical photoreceptors in the
distal and proximal parts of the pineal organ of the
pike may act as photoneuroendocrine transducers.
It is the new finding of this study that the partially
regressed photoreceptors in the medial region of the
pike’s pineal seem still capable of photoreception.
The question of photoreception by structures not clas-
sified as typical photoreceptors is a pertinent general
one. In birds, typical photoreceptors could not be
identified in the pineal organ (Collin 1971, 1976;
Oksche 1971) and electrical recordings from the ex-
posed pineal failed to demonstrate a direct photosen-
sory function (Morita 1966b; Ralph and Dawson
1968). Nevertheless, a direct effect of light on the
indole biosynthesis has been recently evidenced in
the avian pineal organ (ref. in Deguchi 1979; Taka-
hashi and Menaker 1979). The recordings of slow
potentials from the isolated medial part of the excised
pineal organ of the pike are in good agreement with
these findings, and support the idea that partially
rudimentary cells of this region are still capable of
photoreception, even without conversion into an elec-
trical output. Even if the isolation of the medial part
was not perfect, the contribution of photoreceptors
from the other parts of the organ cannot explain
the strength of the responses recorded.

The conclusion that the typical and partially rudi-
mentary photoreceptors of the pike’s pineal organ
are photoneuroendocrine transducers needs further
investigation. Microelectrode recordings and a de-
tailed study of neuroendocrine processes in the differ-
ent parts of the organ would be suitable to elucidate
the two possible functions of the photoreceptive struc-
tures. The pineal organ of the pike offers a suitable
model for the study of photosecretory transduction.

We wish to thank Professor Dodt for helpful discussions and criti-
cal reading of the manuscript. J. Falcon was supported by a fellow-
ship of the Max-Planck-Gesellschaft.
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