remained on the right side; on the left
side, part of the maxilla and the zygo-
matic bone were also present as were
two premolars and three molars.
Observations made on a wild pig car-
cass consumed within a few days by oth-
er pigs also indicate the great efficiency
of pigs as scavengers and help explain
the paucity of animal remains on the for-
est floor. Thus, without discussing such
factors as the extreme acidity of the soil
or smaller scavengers (for example,
monitor lizards) it becomes clear that the
possiblility that anything more than an
occasional skull fragment or rib end
would survive on this particular tropical
rain forest floor for a great enough length
of time to be buried and become fossil-
ized seems minimal. Most pongids today
still live in tropical rain forests where,
presumably, their evolution occurred.
Pigs are generally found in these forests.
Direct observation of the scavenging of
an orangutan carcass in an Asian forest
corroborates evidence from Africa and

suggests that the scavenging of wild pigs
may play an important role in the de-
struction of pongid remains.

BIRUTE M. F. GALDIKAS
Orangutan Project, Pangkalan Bun,
Kalimantan Tengah, Indonesia
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Bioluminescence: Dual Mechanism in a Planktonic

Tunicate Produces Brilliant Surface Display

Abstract. Luminescent flashes emanate spontaneously and on mechanical stimu-
lation from the bodies of Oikopleura dioica (Urochordata, Larvacea); flashes also
emanate, on mechanical stimulation only, from both their occupied and discarded
mucous houses. The luminescence is intrinsic to the animals and their houses. Field
observations suggest that, because of this dual method of light production, larva-
ceans may contribute substantially to surface coastal displays of marine biolumines-

cence.

Brilliant displays of bioluminescence,
usually attributed to dinoflagellates,
have long been observed in the surface
waters of the sea, especially near coasts
(I, 2). I report here that in some cases
larvaceans (Urochordata), and espe-
cially Oikopleura dioica Fol 1872, con-
tribute significantly to such displays and
that the luminescence is produced not
only by the organisms themselves but al-
so by the mucous ‘‘houses’ that they
produce (3).

The importance of larvaceans in ma-
rine planktonic ecosystems has been rec-
ognized 4, 5, 5a). These organisms are
widely distributed and, among zooplank-
ton, their abundances may be second on-
ly to, or even exceed, those of copepods,
especially in coastal waters (6-8). Recent
reports of larvacean luminescence (/, 9)
derive ultimately from a single brief re-
port (6) of observations on O. albicans
(10). No reports deal with mechanisms of
light production or with field ecology of
luminescence in these animals.

Laboratory observations confirmed

that both O. dioica and its houses lumi-
nesce. Freshly collected animals, re-
moved from their houses and transferred
to Millipore-filtered seawater, flashed re-
peatedly with and without mechanical
stimulation (Fig. 1, A and B). The
flashes, with intensities up to 2 x 10°
quanta per second per animal (//), ema-
nated from the animals’ trunks and had a
minimum rise time of 18.0 = 3.8 msec, a
half-decay time of 18.5 + 4.3 msec, and
a total duration of 138 * 33 msec (mean
+ the standard deviation of six flashes)
(12). Upon mechanical stimulation, dis-
carded houses could be made to flash re-
peatedly in the absence of the animals,
even up to 4 hours after the animals had
left them (Fig. 1, C and D). No spontane-
ous flashes were observed from the
houses.

Bacterial, intracellular, and extra-
cellular luminescence has been recog-
nized in metazoans (/). Lohmann (6) be-
lieved that the light in O. albicans ema-
nated from a glandular secretion released
into the house by the paired buccal
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glands. The flashes of the animal’s trunk
are compatible with this explanation,
since light could arise from a secretion
into the thin layer of mucus comprising
the rudimentary house. However, the
ability of discarded houses to luminesce
repeatedly by means of short flashes and
in the absence of the animal suggests
membrane-associated sources of light
(13). Possibilities include (i) luminescent
organisms adhering to or living on or in
the houses and (ii) Oikopleura cells or
cell membranes included in the house
material itself. Alternatively, a luminous
secretion may be sequestered in the
house material and reexposed to a neces-
sary factor in the surrounding seawater
when the house is mechanically stimulat-
ed (14).

Bacteria and phytoplankton do occur
on and in occupied and discarded larva-
cean houses (4, 9), but there is strong
evidence against their being the sources
of the light. First, new houses built by O.
dioica in Millipore-filtered seawater free
of these organisms still luminesced in the
absence of the animals (/5). Second,
phase-contrast microscopic observations
of freshly collected houses did not reveal
dinoflagellates on or in the houses.
Third, known in situ bacterial lumines-
cence is continuous (/, /6). Finally, bac-
terial luciferase could not be detected in
discarded houses (I7).

Thus, it seems clear that luminescence
in both O. dioica and its houses is endog-
enous. That houses can flash apart from
the animals suggests mediation of the lu-
minescent response by Oikopleura cells
or cell membranes left in the houses. The
houses of larvaceans are usually as-
sumed to be noncellular (6, 9). However,
there is evidence (/8) that small granules
(‘‘Hautungskorper’”), visible in intri-
cate, species-specific patterns in the
rudimentary houses of certain Oikopleu-
ridae, are degenerate cells or nuclei de-
posited from the animal’s trunk epithe-
lium into the house material during its se-
cretion. The significance of these
structures is unknown, but it may be that
functional cell membranes remain in the
expanded house.

Field observations of O. dioica sug-
gest that this dual luminescence in larva-
ceans may contribute significantly to
brilliant surface displays of marine bio-
luminescence. Such displays are usually
attributed to high concentrations of di-
noflagellates, although often the evi-
dence for their involvement is indirect
(2). Rarely have the responsible orga-
nisms been identified (2), and then usual-
ly only in specific luminescent bays (7,
19) or during conspicuous blooms.

An unusually brilliant display of sur-
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face luminescence, caused almost entire-
ly by flashing of the houses and the bod-
ies of O. dioica, occurred in June 1977 at
Puerto Escondido, Baja California Sur,
Mexico (20). Agitation of the water in the
bay produced a dense array of vivid, rel-
atively long flashes of light from sources
estimated at 5 mm or more. While I was
floating motionless in the channel or
while I was viewing undisturbed bay-
shore water 1 observed only shorter,
spontaneous flashes from about 1-mm
sources and at much lower concentra-
tions than the stimulated flashes (21).

Examination of the water with a div-
er’s light revealed numerous occupied
and empty houses of O. dioica (22), rang-
ing in size from about 2 to 6 mm, at den-
sities visually estimated at about 10* per
cubic meter. There was little other con-
spicuous zooplankton except nonlumi-
nous copepods, and analysis of plankton
samples (Table 1) suggested that O. di-
oica was the only luminous species pres-
ent in sufficient numbers to account for
the intense, stimulated light in the bay.

Several observations confirmed that
0. dioica was the major source of lumi-
nescence at Puerto Escondido. (i) The
stimulated flashes and the houses were
of comparable sizes. (ii) The stimulated
flashes, visible in dim illumination, could
be discerned to come from houses. (iii)
Sudden in situ illumination of a large,
stimulated flash usually revealed either
an occupied or a discarded house. (iv)
Sudden illumination of a small, sponta-
neous flash usually revealed an O.
dioica, either in its house or freely swim-
ming. (v) Phytoplankton cells, 0 to 35 um
in diameter, were not luminescent (23).
(vi) Although there were cells of poten-
tially luminescent dinoflagellates in both
net and bottle samples (Table 1), their
sizes and numbers were insufficient, and
their flashing properties would have been
unsuitable, to account for my observa-
tions. '

The numbers of O. dioica in the sam-
ples are an underestimate of the density
of stimulated flashes in the water column
because even empty houses can flash,
and each O. dioica builds and abandons
several houses per day (22). An average
occupancy of only one in nine houses
and total house densities of up to 1130
per cubic meter were reported for six
species of Oikopleuridae in the Gulf of
California near Puerto Escondido (). If
we assume like durability and turnover
rates for houses of O. dioica, then my es-
timated O. dioica densities of 2720 to
16,000 per cubic meter (Table 1) repre-
sent a total house (and potential flash)
concentration of about 10* to 10° per cu-
bic meter at Puerto Escondido.
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Fig. 1. Luminescent flash-
es of Oikopleura dioica re-
corded from the animal (A
and B) and from the dis-
carded house (C and D).
Flashes A, C, and D result-
ed from a mechanical stim-
ulus (arrow) consisting of a
rapid injection of seawater
into the specimen chamber
(I12). The isolated house
flash (D) occurred within 1
second after the stimulus.
Isolated, nonstimulated
flashes (B) occurred in the v
animal 1 to 5 seconds or

more after a stimulus. The c
intensity is represented by
arbitrary units.

In other locations larvaceans often ap-
proach or exceed the densities reported
here (7, 24, 25). Even in tropical bays
where luminescence is clearly associated
with abundant dinoflagellates, larva-
ceans may have a heretofore unrecog-
nized significance. Larvaceans have
been reported in only one study (7) (as
algal grazers) in the plankton, and their
densities were 7000 to 11,000 per cubic
meter, enough to account for a signifi-
cant portion of the observed lumines-
cence.

Larvacean luminescence is probably
widespread geographically and season-
ally among several species (26), yet lar-
vaceans have been largely overlooked as

Table 1. Calculated densities of plankton at
Puerto Escondido channel. Estimates are
based on a single net tow and two 0.5-liter wa-
ter samples taken at 2200 to 2300 hours, 15
June 1977. The net was towed from the pier
by hand through a 28-m horizontal path at a

~depth of 1 to 2 m. It had a mouth diameter of

11 cm and mesh size of 75 wm, and it filtered
0.266 m® of water. Differences between the
two columns probably resulted from small
sample sizes and clogging of the net by O.
dioica houses. ‘‘Other invertebrates’ includ-
ed small numbers of hydromedusae, chaetog-
naths, and larval ctenophores, mollusks, and
polychaetes.

Density (number/m?)

Organism

Net Water
tow samples
Diatoms 150
Dinoflagellates
Ceratium sp. 300
Dinophysis sp. 300
Peridinium sp. 200
Unidentified 700
Copepoda
Acartia sp. 42,000 220,000
Other Calanoida 500
Cyclopoida 4,000 24,000
Nauplii 8,300 16,000
Cladocera 700 4,700
Other crustaceans 100
Oikopleura dioica 2,720 16,000
Other invertebrates 800
Fish embryos 50

AN
ANAL

| E—
100 msec

I

sources of light in studies of marine bio-
luminescence. This is presumably be-
cause (i) their luminescence is not widely
known, (ii) the animals themselves are
small relative to their houses and light
flashes, (iii) their houses are almost
transparent, difficult to recognize in
plankton samples, and previously not
known to provide luminescence, and (iv)
many may pass through standard plank-
ton nets and are overlooked in plankton
samples (27, 5a). However, my results
show that, because of their widespread
distribution and abundance and their
unique dual method of producing light
from not only the animals themselves,
but also from multiple, discarded
houses, larvaceans may often contribute
substantially to marine bioluminescence.
CHARLES P. GALT
Biology Department, California
State University, Long Beach 90840
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Fluorescence-Immunocytochemistry: Simultaneous Localization

of Catecholamines and Gonadotropin-Releasing Hormone

Abstract. Gonadotropin-releasing hormone and dopamine were identified simulta-
neously in the same block of tissue from the median eminence of the rat brain. Two
distinct bands of dopamine terminals were found in the lateral median eminence: an
inner band which overlapped the gonadotropin-releasing hormone terminals and an
outer band which appeared juxtaposed to portal capillaries.

The concept that monoamines are in-
volved in the secretion of gonadotropins
from the anterior pituitary gland was
proposed initially more than 30 years ago
(I). Data now suggest that both cate-
cholamines and indoleamines participate
in the release of luteinizing hormone and
follicle-stimulating hormone from the an-
terior pituitary (2, 3). Direct morphologi-
cal studies of monoamines and releasing
hormones have been facilitated by the
development of specific histofluorescence
4) and immunocytochemical (5) tech-
niques. However, certain technical limi-
tations have prevented the direct mor-
phological study of both monoamines
and peptide hormones within a single
tissue block. Here we describe the

1

correlative distribution of the catechol-
amines norepinephrine (NE) and dopa-
mine and the hypothalamic peptide
gonadotropin-releasing hormone (GnRH)
in the median eminence of the rat brain.
The distributions were determined by
means of a fluorescence-immunonocyto-
chemical technique that allows the
simultaneous visualization of mono-
amines and neuropeptides within adja-
cent tissue sections.

Six adult male albino Sprague-Dawley
rats (200 to 300 g) were killed by decapi-
tation. The calvaria was removed, the
brain was excised, and the diencephalon
was dissected. Each tissue block was
submerged in Freon-22 cooled to —100°C
by liquid nitrogen and freeze-dried in a

Fig. 1. Low magnification of sections of the median eminence treated according to the fluores-
cence-immunocytochemical technique. The section (on the right) was stained immuno-
cytochemically and was turned over so that it could be compared with the exactly contiguous
surface of the adjacent tissue section (on the left) that was treated for monoamine histofluores-
cence. Catecholamine and GnRH terminals (arrow) were found in the lateral regions of the me-
dian eminence. Dopamine terminals were also identified in the contact zone of the ventral and
medial regions of the median eminence (arrows with bar) where only a few GnRH fibers were
seen. The blood vessels in each section are identical and provide useful antomical landmarks

(asterisks); V, third ventricle (x 187).
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