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ANALYSIS OF FLEET REPORTS OF BIOLUMINESCENCE
IN THE INDIAN OCEAN

INTRODUCTION

By common consensus, the Indian Qcean is considered to be the richest area in the world for
marine bioluminescence [1-5]. This is especially true of the Arabian Sea region. Also in the Arabian
Sea, bioluminescence is known to exhibit yearly rhythms associated with the southwest and north-
east monsoons [1-10}. However, attempts to correlate occurrences of bioluminescence with various
meteorological or environmental conditions, such as haze, smooth seas, or water temperature, have
failed, largely due to lack of enough long-term data to permit statistical analysis.

The presence of the Seventh Fleet in the Arabian Sea area offered a rare opportunity to gather
long-term data on bioluminescence occurrence and potential correlative factors simultaneously from
a large number of platforms. Unfortunately, the limited scientific capability of military ships pre-
cluded gathering data on many elements of interest, such as levels of nutrients or dissolved oxygen
in the water, population identifications and counts of various organisms, especially dinoflagellates,
or chlorophyll fluorescence measurements. Also a desire to avoid overworking the ohservers, coupled
with the inability to handle the vast amounts of data that would have been generated by a request
to systematically report negative as well as positive observations, led to a request for positive obser-
vations alone. Nevertheless, even with these limitations it was felt that useful information could be
gotten with the cooperation of the Fleet. Accordingly a format for bioluminescence and supple-
mental observations was prepared by the Naval Research Laboratory (NRL) and the Office of Naval
Research (ONR), and a request was sent to the Fleet that bioluminescence be reported according
to this format. The response has been very positive. Over a one-year period, 103 reports have been
forwarded to NRL for analysis. This report contains the results of that analysis.

METHODS

The sole source of data in this report was the bioluminescence reports from units of the
Seventh Fleet. The report format consisted of five parts. The first part asked for the location and
time of the observation and details about the source and nature of the disturbance that rroduced
the bioluminescence. The second part requested details on the weather and moon. The third and
fourth parts asked for details of the phenomenon, including a subjective description and whether
or not a low light level device was used. The fifth part asked for any supplemental data available,
such as bathythermograph information. These reports were collected and examined at N RL, and the

information was compared to conditions called for under various theories concerning biolumines-
cence occurrences. All reports began as eye observations, although low light level instruments were
used a number of times to observe significant features, For reasons mentioned above no attempt
at rigorous statistical analysis was made.

Manuscript submitted August 19, 1981,
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RESULTS, DISCUSSION, AND CONCLUSBIONS
Seasonal and Geographical Distribution

Figures 1 and 2 show the distribution of reports received grouped by quarters. On a monthly
basis, 23 reports were received from November, 20 from December, 16 from January, 14 from
Februavy, 10 from September, and 4 or fewer from each of the remaining months, This is the first
suggestion of a peak in bioluminescence in November-December. However, this temporal distribution
may reflect the movements and occupations of the Fleet, the interest of the cbservers, and the dis-
semination of the request for reports more than actual seasonal variations in bicluminescence. Like-
wise, the spatial dislribution of the reporis reflecls the movements of the Flest more than ihe real
spatial distribution of bioluminescence. In fact, one ship apologized for reporiing from outside the
Arabian Sea since it had the misconception that only reporis from the Arabian Sea were desired.
Statistical difficulties in interpreting reports of this kind are discussed by Turner {1,2] and Lynch

[5,11}.

These reports must be compared to the large body of bicluminescence data already existing for
this region. When this is done, there appear to be more incidents of bicluminescence outside of the
peak times than had been previously thought. This suggestion has also been made by Lynch {11].
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Fig. 1 — The distribution of sightings of bicluminescence by the Beventh Fleet in the Indian Ocean from
June 1980 to June 1981, The syuare indicates the area shown in Fig. 2,
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Fig. 2 — Expanded map of a portion of the Arabian Sea showing sightings of
bioluminescence by the Seventh Fleet

Correlation with Environmentat Data

Bioluminescence occurred whether the sky was heavily overcast, clear, or in between. No cor-
relation with rain could be found. Bioluminescence was observed with winds from 0 to 30 knots
and in sea states from 0 to 4 (Beaufort). In short, there appeared to be no correlation with meteoro-
logical factors. This conclusion was also reached by Glahn [9].

Insufficient reports of surface temperature or bathythermograph readings were made to
attempt correlations with water temperature or salinity or thermocline position.

The great majority of reports came near the dark of the moon, or when the moon was not in
the sky or was hidden by clouds. However, this result is most likely due to masking of biolumines-
cence by bright moonlight or by the interference of moonlight with the dark adaptation of the
observers. Most planktonic luminous organisms are not photically responsive. Those that are gener-
ally are not disturbed by the intensity of moonlight. Lynch [11] reported finding surface biolumines-
cence in plankton tows under all conditions of moonlight. Of the reports analyzed herein that were
made under bright moonlight, only two mentioned a decrease in the bioluminescence. One of these
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was almost certainly due to the effect of meenlight on the observer. The second cannot be com-
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from a searchlight, if is likely that the ship was passing through a concentration of luminous ostracoed

crustaceans, Some ostracods are known to be photically stimulable [12-14] and consequently could

respond o bright moonlight. For these reasons it is not likely that a correlation exists between

bicluminescence oceurrences and the phase of the moon.

Charactieyistic Biohiminescent Phenomena

Tuornsr {? ‘?1 ﬁ?‘(\iﬁ(!ﬁﬂi a clasgification erhome for hioluminesrent nhnﬁr\mmﬁn arcprding in an-
scheme umin Nonny GIGE 0 ap-

pearance, stimuius and probable causative organism. According to i;h;s scheme most of the lumines-
cence obhserved came from mechanically disturbed “microplankion.” Under this category all four
appearance subcategories were seen.

The most commonly ohserved phenomenon was “disturbed water luminescence.” All reports
of luminescence in wakes and bow waves fall in this subcategory. Some bioluminescence was guite
bright, with one gbserver reporting being able to read the awards on the bridge wing. Another
reported that it inferfered with night vision. Still another reported being able to read the print ina
hook at 2 height of 11 m ahove the sen surface and ¢o see the bow wave and wake of another ship.

Long wakes were also observed.

Patches of luminescence, usually oval-shaped, were frequently seen in conjunction with dis-
turbed water. These patches would fluctuate, flash, roll, move rapidly andjor irregularly, explode,
and behave in other varying manners. They ranged in size from aboul one meter along the long axis
to thousands of square meters in area. They occurred from the surface down 10 10 or 12 m and
frequently changed depth as they moved. Much of the more erratic behavior occurred as the observ-
ing ship approached a patch. Very often observers would identify the paiches as individual porpoise-
size fish or schools of fish, When the patches appeared featuroless to the pye, the ugse of low light
ievel devices usually revealed fish. Only twice did ohserved patches of binluminescence remain
featureless when observed with a low light level device. From these observations one can suggest
that most patch-{ype luminescence is likely caused by fish or fish schools, and that Turner’s sub-
categories of “flashing™ and “fluctuating” patches should be dropped and the whole placed in the
“disturbed water” subcategory. Other evidence supporis this suggestion. Lindner {15] has stated
that paiches of similar appearance and behavior were used by fishermen 0 locate fish schools ab
night off the coast of California. Roithmayr {161 and Cram [17,158] have published photographs of
individual fish and fish schools outlined in bicluminescence that resemble the description in the

A= ALty e

One ship reduced speed while an ohservation of bicluminescence around the ship’s hull was
being made. The observer recorded that the width of the lnminescent surface layer “decreased from
3 feet to 1 foot. Display iliustrates textbook description of boundary layer and laminar/turbulent
fluid flow along hull.” Another ship changed course during an observation of bicluminescence, so
that it was alternately running with and against the direction of the swells. The ohserver noted that
luminescence was greater in both intensity and duration when the ship was moving with the seas
than against them. Three reports of luminous patehes and wakes commented that such phenomena
were seen almost every night. Clearly bicluminescence was so commeon that it was not being reported

every time it was observed.
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Bioluminescent Displays

Four reports of “milky seas” were received. In all cases the luminescence was visible to the
horizon, but no features were seen. One theory of milky seas is that they are caused by luminous
bacteria feeding upon a decaying blue-green alga, Oscillatoria erythraea, which is known to form
slicks on the surface [1,10 19] ‘Waves and wind frequently arrange these slicks into bands, which
are sometimes observed in milky seas. The lacj; of banding observed here lends no support to this

theory.

One of the most unusual luminescent phenomena is the “phosphorescent wheel.”” Descriptions
of wheels have frequently appeared in the literature. The first collection of such reports was made
by Kalle [20,21}, who theorized that they were caused by seismic disturbances. According to his
theory, such disturbances would produce wheels in shallow water under certain conditions, and
“gxploding balls” of luminescence in deep water. An “exploding ball’ is a ball of light that rises
from the depths and bursts at the surface into a large patch. One report each of exploding balls
and phosphorescent wheels was received. The report of the exploding ball, however, did not follow
the classical description. Instead, small grapefruit-sized balls of luminescence appeared spontaneously
only a short distance below the surface, rose like an air bubble, and burst at the surface into a patch
only a few diameters larger than their original size. Whether this phenomenon is the same as that
described by Kalle is uncertain. The description of the phosphorescent wheel, however, was truly
classic. The wheel first appeared as a strobe light or rotating beacon, then it changed to a linear
wave-like pattern, and finally it turned into groups of concentric waves of light dispersing from
numerous centers slightly below the surface. This display was seen in the Persian Gulf, a shallow-
water area known for numerous wheel displays. A second theory of the phosphorescent wheel
suggests that it is the result of an optical illusion due to distortion of perspective and parallax [22].
According to this theory, wheels should be seen only in very smooth seas, calm winds, and at least
partly overcast skies with rain showers occurving before or after, but not during, the observation.
Weather conditions during this observation were a completely clear sky, no rain, and moderate
winds and seas. Accordingly, no support is given to the opftical illusion theory. Other collections of
wheel reports have been made by Turner [1}, Staples [3], and Ley [23]. Other theories of wheels
have been outlined by Lynch [24,25].

ACKNOWLEDGMENTS

The author wishes to thank the officers and men of the Seventh Fleet for being so responsive
to the request for bioluminescence observations. Special thanks go to USS Kiske and Ouellet, which
together sent in almost half of the reports. USS Leahy, Niagara Falls, Goldsborough, and White
Plains were also especially helpful, Thanks also go to Mr. Ben Cagle of ONR West, Pasadena, who
arranged for the reports to be made and to Mrs. Doris Keenan of NRL for typing this manuscript.

REFERENCES
1. R.d. Turner, “Notes on the Nature and Occurrence of Marine Bioluminescent Phenomena,”
National Institute of Oceanography Internal Report B4, 1965.
2. R.J. Turner, “Marine Bioluminescence,” Mar. Obs, 36:20-29, 1966.

R. F. Staples, ‘“The Distribution and Characteristics of Surface Bioluminescence in the
Oceans,” Naval Oceanographic Office Report TR-184, 1966.

4. R. V. Lynch, “Bioluminescence in and near the Arabian Sea,”” NRL Letter Report 4351-78,
1980.



25.

LYNCH

R. V. Lynch, “Patterns of Bicluminescence in the Oceans,” NEL Report 8475, April 1881,

. H.T. Smith, “Phosphorescence of the Sea,” Mar. Obs. 3:193-196, 1928,

H. T. Smith, “Phosphorescence of the Sea,” Mar. Ohs, 8:250-234, 1931.
Ancnymous, “Meerieuchten im Arabischen Meer,” Seewart 8:12-18, 1939.
W. Glahn, “Meerleuchien im Atlaniischen Ozean,” Seewart 12:17-25, 1243,

F. B. Teit and M. G. Kelly, “Marine Bioluminescence,” Oceanog. Mar. Biol. Ann Rev. 11:88-
173,1973.

)=y ﬁf T wmah “Tha Sinsnsennnn amel Thatmidaodi;m AF Toarfona Tinain nasannan in bl Do
o Ay BON, L D0 UTCUITEIICE GIIG LAASWICUNIOH O SUNIRCE SiGiluRInescendcs I Wi LADEans

During 1966 through 1877,” NRL Report 8210, 1978,
Y. Haneda, “Bicluminescence,” Seirigaku-Shido-Shu 5:18-31, 1940, {In Japanese)

¥. 1. Tsuji, Y. Haneda, R. V. Lynch and N. Sugiyama, “Luminescence Cross-Reactions of
Porichthys Luciferin and Theories on the Origin of Luciferin in Some Shallow-Water Fishes,”
Comp. Biochem. Physiol, 40A:163-179, 1971.

P. J. Herring, “Observations of Bicluminescence at Sea,” Mar. Obs. 46:176-183, 1976.
M I u’:&nnr “Luminogecent ﬁ."lﬁi‘ﬁhu‘ *? {al, Fish Game 16237240 1930

AVie W, RIELMNRLIVLy adiaaiaaalTBUNNLV o alisana [UELES AT.20 TT&EE, I O%

C. M. Roithmayr, “Airbome Low-Light Sensor Defects Luminescing Fish Schools at Night,”
Commercial Pisheries Rev, 32:42-51, 1970,

D. L. Cram, “Pilchard Stocks Surveyed by Remote Setisors,” Fishing News International
12(3):73-75, 1973.

D. L. Cram and J. 3. Agenbag, “Low Light Level Television — An Aid to Pilchard Research,”
South African Shipping News Fishing Ind. Rev. 29(7):52-55, 1974.

M G, ﬁnﬁv and P, "PisH' “Rinliimineecances in the flnnnnc *in Rinlumin

B J Hemng, ed. (Academm Press, N.Y., 1978) pp. 399‘41‘3

K. Kalle, “Die ratselhafte und ‘unheimliche’ Naturerscheinung des ‘explodierenden’ und des
‘rotierenden’ Meeresleuchiens-eine Folge lokaler Seebeben?” Deutsche Hydrog. Zeils,
13:49-77, 1960.

K. Kalle, “Wheels of Light,” Sea Frontiers 15(2):116-122, 1869.

G. Verploegh, “The Phosphorescent Wheel,” Deutsche Hydrog, Zeits. 21:152-162, 1968,

W, Ley, “The Wheels of Pageidon ” in Willy Levs for Your Information {(Doubleday N Y
1967}, pp. 62-88.

R. V. Lynch, “Problems and Opportunities Connected with Marine Biclogical Phenomena,”
in Advaneced Concepts in Ocean Measuremenis for Marine Biology, F. P. Diemer, S. J. Vemnberg
and D, Z, Mirkes, eds. {University of South Carolina Press, Columbia, 8.C., 1980}, pp. 245-255.

R. V. Lynch, “The Distribution of Luminous Marine Organisms: A Literature Review,” in
Bioluminescence: Current Perspectives, K. H. Nealson, ed. {Burgess Publishing Company,
Minneapolis, Minn., 1981), pp. 153-159.



