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Although bioluminescence is a very common characteristic of deepwater fishes, some shallow-
water fishes are also known for their luminosity. Among the most famous are those belonging to
the small family Anomalopidae, which consists of three genera and species: Anomalops katoptron,
Photoblepharon palpebratus, and Kryptophanaron alfredi. Kryptaphanaron is known from a single
specimen caught at Jamaica, West Indies, by Dahlgren (1908) and described by Silvester and Fowler
(1926). Anomalops and Photoblepharon, the best known members, are indigenous to the waters
around the Banda Islands, located at the eastern end of the Indonesian Archipelago. When observed
at night, Anomalops produces a series of rapid flashes as it swims through the water. The light from
Photoblepharon is more nearly continuous and flashing is infrequent. The blinking produced by the
fishes is so spectacular that they have drawn the attention of students of bioluminescence over the
years. Héwever, due to the remoteness of the region in which these fishes occur, relatively few studies
have been carried out.

The studies by Vorderman (1900), Steche (1907, 1909), Harvey (1921, 1922, 1925), Haneda (1943,
1953, 1955), and Bassot (1968) have shown that the light is emitted from a pair of relatively large flat
structures, roughly elliptical in shape, each lying in a suborbital depression. The light-emitting face
of the organ is cream-colored, whereas the opposite face is nearly black due to a black pigmented cell
layer. The lightemission is continuous. The gross anatomy and histology of the light organs in the
two species are also very similar. Each organ is filled by many parallel tubes that run from the
pigmented base layer to the transparent, cream-colored face. Numerous blood capillaries also
run parallel to the tubes. When a transverse section across the tubes is examined, the tubes are found
to have a polygonal shape and are arranged in a rosette pattern around the capillaries. The tubes
contain what appear to be bacteria, which, if luminous, could account for the constant light emitted
by the organ. The methods employed by each fish to extinguish its light are unusual. In Anomalops,
this is accomplished by rotating the entire organ along its long axis so that the luminous face is turned
down and toward the body, presenting the pigmented face to the outside. The rotation takes place
through a small cartilagenous tissue located at the dorsoanterior edge which attaches the light organ
to the fish. In the case of Photoblepharon, however, the light is extinguished by drawing up a black
fold over the organ. Why two species so closely related and with organs so similar anatomically
should develop entirely different methods for occuluding the light remains a mystery.

Most previous studies have indicated that symbiotic luminous bacteria present in the tubules
are responsible for the light production. Thus, Harvey (1922) found that an emulsion of a light organ
in sea water behaved similarly to an emulsion of luminous bacteria. Bassot (1968) has found stained
sections of the light organs of Anomalops to contain bacteria in the tubules when examined with a
light microscope. However, Harvey (1922) and Haneda (1943) could not obtain a culture of luminous
bacteria from the organs. This finding is potentially significant since virtually all symbiotic luminous
bacteria obtained from the light organs of fish, for example, Leiognathus, Physiculus, Monocentris,
and Acropoma, are culturable on synthetic agar medium. The present study, threfore, was under-
taken to investigate this problem further.
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Materials and Methods

Photoblepharon and Anomalops were collected a short distance offshore at Banda Islands,
Indonesia. Collection was carried out at night from a boat, using hand nets in waters 4-5 meters
deep. The fishes were easily located because of their intermittent flashing as they swam through the
clear water. Moonlight appeared to cause them either to lessen their flashing or to hide among the
corals and rocks, whereas they were more evident in numbers during periods of darkness, such as
when the moon had set.

Living specimens were placed in a large glass jar containing sea water and studied in the dark.
Other specimens were used immediately for chemical and bacteriological experiments. For pre-
paring luminous emulsions of the light organ, 4 fresh organs were gound in approximately 5 ml. of
sea water using an all-glass homogenizer. In the chemical tests, a few milligrams of cofactor were
dissolved in a few ml. of sea water and the solution was then added immediately to the emulsion.
Bacteriological studies were performed with two different culture media. The first consisted of a squid
juice-agar medium containing in 1 liter of water, 30 gm. NaCl, 5 gm. peptone, 1 ml. glycerol, 15 gm.
agar, and squid juice extract, with pH adjusted to 7.2-7.4. The second consisted of a nutrient agar
medium containing in 1 liter of water, 30 gm. NaCl and 23 gm. nutrient agar, with pH adjusted to
6.8.

Some specimens were preserved for later studies. For the electron microscopic work, the
detached photophores were placed in 109 formalin sea water. After about 2 months, the photo-
phores were washed with distilled water and fixed in 19 osmium tetroxide for 1.2-2.0 hrs. The
tissues were then dehydrated through a graded series of acetone as follows: 30, 40, 50, 60, 70, 80,
85, 90, 95, and 100%. Embedding was in eocoxyin A and B (A:B=5:5). Ultrathin sections were cut
with a JUM-type 5B microtome. Sections were then examined in a JEM-type 7A electron micros-
cope. For the bacterial luciferase test, air-dried photophores were used.

Results

1. General observations. Fig. 1 shows the photographs of Photoblepharon and Anomalops.
The light organs are prominently displayed beneath the eyes. In a specimen of Aromalops 94 mm.
in standard length and 32 mm. in depth of body, the light organ measured 11 mm. in the long axis,
4 mm. in the short axis, and 1 mm. in thickness. In a specimen of Photoblepharon 80 mm. in standard
length and 30 mm. in depth of body, the corresponding measurements were 9.1 mm. X 5.6 mm. X
1.0 mm. Viewed laterally, the body of Photoblepharon had a rounded appearance, whereas the body
of Anomalops was elongate.

The natives of Banda call Photoblepharon, ‘‘ikan laweri batu, or the “fish that lives among the
rocks, * and Anomalops, “‘ikan laweri air, > or the “fish that lives near the surface.” In reality, both
species lived among the lava rocks and coral, and came out mostly at night. Anomalops swam in
schools of 20-50 near the surface, blinking rapidly as they swam. Photoblepharon behaved differently.
They swam either singly or in pairs, darting in and out from among the rocks and corals. They
came to the surface only occasionally. They extinguished their light only infrequently and thus the
light shone almost continuously with constant intensity.

Observations were also carried out on Photoblepharon and Anomalops held individually in
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large glass jars. When placed in a semi-darkened room, both displayed their luminous organs con-
tinously and the light intensity appeared to be constant. When Anomalops was moved to a lighted
room, the light organ was rotated to a darkened position almost immediately. The angle through
which the organ was rotated was 120-135° in a downward direction. The light-emitting surface
moved out of view, thus cutting off the light. When Photoblepharon was moved from a semi-
darkened to a lighted room, the fish did not occulude its light most of the time. When both fish were
returned to the semi-darkened room, Anomalops displayed its light immediately, whereas Photoble-
Ppharon showed little change in luminescence behavior. When a flashlight beam directed at them was
turned on-and-off, they responded in the same manner as to constant light. Physical handling of
the fishes did not seem to affect either their blinking or light intensity.

2. Chemical studies. The luminous emulsions prepared from the light organs quickly became
dark when allowed to stand, except for a layer at the top 2-3 mm. thick. When the darkened emul-
sion was shaken in air, the luminescence was completely restored. Standing produced the same
result. S\uch an emulsion retained its ability to luminesce for many hours, perhaps 6-8 hrs.

Raising the temperature slowly caused a gradual decrease in light intensity until at around 50°C,
the emulsion became completely dark. Lowering the temperature to around 26°C did not restore the
luminescence. Light intensity appeared to be optimal between 23-26°C.

When an emulsion was diluted with fresh water, luminescence was quickly extinguished. Dilut-
ing with sea water decreased the light intensity, but only in proportion to the volume of sea water
added. When a luminous organ was ground in fresh water, the light was also immediately extin-
guished. Air-dried organs did not luminesce when moistened with water.

Tests for the presence of the Iuciferase-luciferin (enzyme-substrate) reaction in the organs were
also performed, using cold- and hot-water extracts. The cold-water extract (luciferase) was pre-
pared by grinding 4 fresh organs in about 5ml. of water. The hot-water extract (luciferin) was
prepared by grinding 4 fresh organs for 1 min. in about 5 ml. of boilding water and immediately
cooling in cold water. The two extracts, when mixed, gave no light, indicating the absence of the
luciferase-luciferin reaction.

Attempts were also made to stimulate light emission from dark, cold-water extracts by mixing
cofactors known to stimulate extracts of other luminous organisms. The following cofactors were
added with negative results: adenosine 5’-monophosphate, adenosine 5’-diphosphate, adenosine
5’-triphosphate, reduced nicotinamide adenine dinucleotide, reduced nicotinamide adenine dinucleo-
tide phosphate, and coenzyme A.

The most successful results were obtained with cell-free extracts of air-dried organs. The extracts
were prepared by homogenizing 2 air-dried organs in 5.5 ml. of distilled water. After centrifuging
at 10,00 X g for 10 min. at 2°C, 2.5 ml. of the supernatant were mixed with 1.0 ml of a dilute solution
of reduced flavin mononucleotide (FMN) plus a trace amount of n-dodecyl aldehyde. Light was
recorded for all samples of cell-free extracts tested, indicating the presence of bacterial luciferase in
the extracts.

3. Bacterial culture studies. Using media previously described, numerous attempts were made
to culture luminous bacteria from the light organs. The results were completely negative and,
occasionally, when some growth was obtained, luminescence could not be detected.

4. Electron microscopy. Electron micrographs of the light organs of both species are shown
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Bubu, bamboo tool of Anomalop and Photobrepharon for fishing and the specimens.
in Figs. 3 and 4. They represent magnifications of ultrathin sections of the light organs, prepared
as previously described. Both photographs show large numbers of bacterial particles in varying
dimensions. Such particles were observed in all sections taken through the middle of ihe organ.
The large, rod-like particles are about 2.4 microns in length and 0.92 microns in diameter.
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Fig. 3. 74 +7 v 75— a voRNE
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Electron micrograph of the luminous body of
Photobrepharon palpebratus > 17,000,

Discussion

According to Harvey (1952), Photoblepharon is found only around Amboina and the Banda
Islands, whereas Anomalops is known more widely from the Banda Islands westward to the New
Hebrides and Fiji Islands. Reports of Anomalops in the latter places, however, have been scarce.
Haneda (1952) has also reported observing large schools of blinking Anomalops at night on the north-
west coast of West Irian.  Eight specimens of Anomalops have also been reported from Japan by Abe
(1942, 1951) by Haneda (1955) and Kamohara (1961), but none recently. From all accounts, both
Photoblepharon and Anomalops appear to be uncommon except in regions close to Banda. The
difficulty of obtaining specimens, threfore, has contributed to the limited number of studies that have
been carried out and to the lack of information on their methods of light production.

The results obtained in the present study, taken together with those obtained by earlier workers,
however, show conclusively that the luminescence in Phoroblepharon and Anomalops is due to symbiotic
luminous bacteria. The results of this tudy which support this conclusion may be summarized as fol-
lows: dependence of the luminescence on oxygen concentration; extinction temperature for the lumine-
scence of around 50°C; extinction of the luminescence of an emulsion on dilution with fresh water;
non-luminosity of dessicated organs on moistening with water; and negative luciferase-luciferin reac-
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Fig. 4. v hVF v x &A1 Anomalops DFEHAk
PR % 17,000
Electron micrograph of the luminous boody of Anomalops katoptron. 17,000

tion. Almost the same results were obtained by Harvey (1922), who concluded that the luminescence
is due to symbiotic luminous bacteria because of the similarities in the chemical behavior of sea
water emulsions of the organs with that of sea water suspensions of luminous bacteria. Harvey (1922)
also advanced other evidence: the effect of cytolytic agents and sodium fluoride in diminishing the
luminescence of an emulsion, the sensitivity of the luminescence to potassium cyanide, and the pre-
sence of numerous rod-shaped bacteria in smears of the organs. The fact that the light organs con-
tained many tube-like structures, supplied with a rich blood supply, suggested to Harvey (1922) that
these organs were especially constructed to provide nourishment and oxygen to bacteria. Symbiotic
luminous bacteria normally require large amounts of oxygen.

Bassot (1968) has also reported finding spherical or rod-like bacteria, always less than 2 microns
in length, in stained organ sections of Anomalops. The electron micrographs obtained in this study,
which indicate the presence of rod-like bacteria with dimensions approximating 2.4 microns X 0.92
microns, confirm the latter findings. The light organ of Photoblepharon also appears to contain
similar bacteria.

The most convincing evidence, however, comes from studies with cell-free extracts of the organs.
When a dilute solution of reduced FMN is injected into extracts containing a trace of n-dodecyl

aldehyde, light is emitted. Since bacterial luminescence is due to a reaction involving oxygen, bac-
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terial luciferase, a long-chain aldehyde, and reduced FMN, the finding indicates that bacterial luci-
ferase is present in the extracts. It is reasonable to conclude that the organs, therefore, contain
symbiotic luminous bacteria.

The purpose of this study has been to explain the failure of Harvey (1922) and Haneda (1943)
to obtain cultures of luminous bacteria from the light organs. The reason still remains unclear and
must await future study. The failure to obtain bacterial cultures is indeed very surprising in view
of the ease with which cultures may be obtained from the light organs of Monocentris, Cleidopus,
Physiculus, Coelorhynchus, Paratrachichthys, Acropoma, and Leiognathus. The reason may be in the
condition of the medium, such as in the lack of an essential nutrient, as previously suggested by Harvey
(1922). However, the morphology of these organisms appears to resemble the morphology of certain
bacterioids as observed under the electron microscope, as for example, the bacteroids studied by Bush
and Chapman (1961) in the developing oocytes of the American cockroach, Periplaneta americana.
Such bacteroids are considered to be primitive forms of bacteria and have not been cultured. The
luminescence of Photoblepharon and Anomalops, therefore, may be due to luminous bacteroids or to
organisms similar to them.

As in the case with nearly all luminous organisms, the function of bioluminescence in Photo-
blepharon and Anomalops is unknown. Possibly, the light is used to attract prey or even to see. It
is interesting to note that the fishermen of Banda, as in the time of Harvey’s (1922) visit some 50
years ago, still use the light organ as a lure. The organ is cut of the fish and is attached to the line about
10 cm. above the baited hook. The organ remains luminous for many hours and is said to attract
fish.

Summary

The methods of light production in Photoblepharon and Anomalops have been investigated, using
fresh and preserved material. Based on biochemical evidence obtained from emulsions of the
organs and on cell-free extracts, especially the stimulation of luminescence with reduced FMN, and
on electron microscopy of organ sections showing the presence of numerous bacteria, it is concluded
that the light is produced by symbiotic luminous bacteria. However, the morphology of these lumi-
nous bacteria appears to resemble the morphology of certain bacteroids. The luminescence of
Photobrepharon and Anomalops may due to luminous bacteroids or to organisms similar to them.
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