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summary

1.

2.

3.

A submarine photometer sufficiently sensitive to measure light in-
tensity at the depth of the scattexing layera has been designed.
The lower threshold of this instrument was reached in California
waters at a depth of 185 meters whersas in Bermuda this threshold
was nol zttained until the instrument had been lowered to a depth

of at least 40O meters.

Pliotosensitive pigments have been extracted from mi)}ed inverte-

brate plankton collected from the scaiiering layers. These

=T

pigments absorb maximally at intervals between 425 and 585 .

Infra-red jwags converters have been adapted to obviate the : ;o
of visible 1ight in dissactions and extraction precedures. The
results obtained indicate that even the dim red light ordinarily
used for illumination in such work destroys or modifiea certain of

the phctosengitive pigments,
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introduction

Rack: round: The occurrence of more or less well defined sonic-
scattering layers in the sea is widespread. Their definition and thea
denths which they atiain during dajyiight hours vary with weather and lat-
itude. In a givsn zrez the leyer is more prominent when the weather is
clear than when the sky is overcast. The layers in transparent tropical
waters occur at much greater depths than those in turbid coastal waters.
Under polar conditiones cof permensnt daylight the laver is seldom noticed
or at best wea Sdefinsd. When day-night conditions are restored, how-
ever, the layer is again noticeabls. Although some have besn reported to
maintain constant depth, a patiern of diurnal migration is commonly
assoclated with the layers and 1s most often toward the surface as the
sun seis and toward greater depth as the sun rises.

Collections have shown that the concentration of living organisms
is greater in the layers than above or below them. Recent work by
Herdman (1) on the R.R.S. DISCOVERY I has revealed ihe presence of a
non-migrsting shallow layer in areas where a well-defined thermocline is
noted. It is suggested that this may bz caused by phytoplankton or
detritus arrested in its descent by a density interface. Several investi-
gations have besn made of the biological composition of the deep layers,
and at present it seems that both plankton and nekton are involvad.
Whether the plankton and nekton inhabit individual components of the
scattering lzyers, as suggested by Tucker (2); and whether the nekton
are present as predators on the plankton are guestions which are as yet
unresclved,

Regardless of the composition of the layers, however, the close

correlation beiween their behavior and the degree of submarine illumina-
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tion would seem to indicate that the primary stimulus iz photic.
Whethor all the corganisms in the lajer are responding e light or
whether only a few photoLropic sSpecies are followed by predators is yet
to be determined.

The initial step in any phototropism--that is;, response to light--
must involve c=bzcrption of all or part of the incident stimulating radia-
tion. 1In vertebrates the light sensitive retina has been shown to con-
tain pigments which are changed reversibly by exposure to iight., Certain
of these have been isolated and their chemical constitution and metabolic
relationshipsz have besn establishsd. Visual spsciral sensilivity--that
is, sensitivity tc varicus wave lengihs of light--in the animals con-
cerned has heen shown to depend on the spectral abscrption of these pig-
ments,

Little work has been dons with photosensitive substances in in-
vertebrates, but those which exhibit phototropisms, whether or not they
possess true eyes, must contain substances which are sensitive to light.

Acknowledgements: The submarine photometer; on which the success of

this investigation depends so heavily, was designed by James M. Snodgrass
of the Special Developments Division, Scripps Institution of Oceanography.
We are especially indebted to him for his interest and the time spent in
deviaing this sensitive and irgenisus instrument. Its construction was
supervised by G. FPrank Hetzel; of the same Division.

We shonld 1ilk: to thank Roger R. Revelle for ths hospitality of the
Scripps Institution over a period of several montis and for the use of
the rcsearch vessels CREST and B. W. SCRIFPS on numerous occasions;

Derdic L. Fox very kindly made available the use of his spectrophoiom-
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Institution.

The time-depth recordar used in Caiifornia was leni by Gordon H.

ucker, Navy Eleoctronics Laboratory, San Diego. The closing nst and re~

lease mechanisms were borrowed from the U. S. Fish and Wildlife Service.

The first dissections to be carried out in total darimass were with
the aid of an infrs-red image sonverier (Snooperscope) lent by Frederick
Crescitelli, University of California at Los Angeles.

Technical advice and assistance were given freely by the Rermuda
SO0FAR group of Columbia University, directed by Gordon Hamilton.

The friendly co-opercticn and interest of William H. Sutcliffe, Jr.,
Director of the Bermuda Biological Station, made the work we were able

to accompliish in Bermuda a very agreeable task. i

present work

Work of the past year has been devoted mainly to instrumentation,
which has been costly and slow. Some preliminsry wesults of interest
bave emerged. however, and are presented here. Originally, i was in-
tended that all the work should be done in Bsrmuda, but a comkianailion of
factors prevented this,

The dev_-lopment and final calibration of the special submarins
photameter were carried cut in California, and demanded our presence
there. While there, opportunity was given us of embarking on other
phasez of th2 enquiry, and this was done. This was pc..ircularly fortu-

nate sinc« there was considerable delay in commissioniag the R V. PANULIRUS

L.



in Bermuda agq, indeed, the fathometer was not instalied until October.

The project is to be continued in 1954 at the Scripps Institution cf
Oceanography under coniract with the Geophysics Branch of the Office of
Haval Ressarch. This report; therefore, while essentiailiy a progress re~
port, is presented as the final report for the contract betwesn the Bsrmuda
Blological Station and the Biology Branch of the Office of Naval Research,

which was effective froum April 15, 1953 to February 1L, 195L.

METHODS

Work at Sea

Light measurement: For the measurement of the intensity and

spectral characteristice of light at depth, & spscial submarine photom=
eter has bsen designed at the Scripps Institution of Oceanography. It i
is a self-contained; recording instrument which may be attached to thne W
hydrographic cable near the net in order that light msasurements may be
made simultanecusly with csllection from the scsiusring layer communities.
In the work reported here a survey;, non-recording model, constructed
during the development of the self-contained irnstrument has been used.
The survey model consists of two units, one on deck and the other cub~
merged, They are connected by demolition cable on which the subimergsd
unit (Pig. 1) is lowersd. The wiring diagram for this photometer is
shown in Fig. ?, The instrument was calibrated with a Weston footcandia
meter through seven decades of light intensiiy. A direcl relationship
exists between light intensity zrd milliamwater readings. The lower

itnreshold of “he instrument is at 3.25 x 10‘9 footcandles,

Although, by virtue of the extrsme sensitivity of its photomultiplier

Se
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Figure 1. Submerged unit of photometer rigged for
lowering on demeclition cable. Time-depth record-
er atiached belcw photometer,

tube;, the exploratory model. has ylelded inieresting preliminary information,
the necessity for building a self-contained instrument is cbvious, if light
neasurements and plankton collections are to be made simultaneously.

Plankton Collecticns Standard plankton techniques were used in both

the Bermudian and Californian phasez ¢f the work.
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In Bermuda a stramin net with a mouth diameter of two meters was
used. The last meter of the net was lined with a sleeve of OXYX (38 meshes
%o the inch) bolting =ilk which led into the cod-end proper. This was to

prevent. destruction of the more dslicate planktonts by tumbling actiom

(AT

Pigure 3. Opaning and closing net in closed (A), open (B) and closed (C)
positions.

8.
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Opaning and closing mechanism

Fe



2long the coarse stramin walls.

in California a cctton net was substituted for the stramin net,

This net corresponded approximately to 0000 bolting silk {about 18 meshes
to the inch) and it was unnecessary to use a bolting silk sleeve.

Both nets were rigged for opening and closing at depth, and the
method used in California is shown in Figures 3 and L. The net is sent
down clecsed (Fig. 3, A) with the two rings (2 and 3) on the pucker line
attached respectively to the first release bar {Fig, L, 2) and point of
uliimate attachment (Pig. L4, 3) on the release mechanism. The riug
(Fig. 3, 1) on the bridle of the net is attached to the sacond release
bar {Fig. k4; 1) of the release mechaniszz,

When the net has reached the desired depth (this is estimated from
the wire angle and length of wire out) it is opened by sending down the i
first messenger (Fig. L, A)e The messenger strikes the pLatform (a)
vhich releases the catch holding the first release bar (2). The ring of
the pucker line (Fig. 3, 2) is thus released, and the water forces the
net open and takes up the slack in the pucker line. The net is now fish-
ing (Fig. 3, B).

When it is desired to close the net at the end of the haul the large
nesting messenger {¥ig. 4, B) is sent down the wire. This fits over the
massenger & and strikes the platform b. This releases the second relcase
bar (1) and the ring on the bridle (Fig. 3, 1) is thus freed. The pucker
line closes the net and the ring falls back into the position shown in
(Fig. 3, C). The clcsed net is thea brought to the surface with the
pucker line ring (Fig. 3. 3) attached to the small hole in the release

mechanism (Figo 4y 3)o



Pigurs 5.

Time-depth recordar disassemblsd,



Figure 6. Record obtained by time-depth recorder. A correction factor
of 0,86 must be applied tc the result.

It has bween pointed cut that the front part of the net could well be
fisliing when ths anet is in iis first closed position (Fig. 3, A). A com-
parison of the resulis of hauls made al the same depth and for the same

length of time with the net in the open position (B) and with the net in

in actunlity, the froni part cf the net fishes a regligivble amount.

Probably the reduced filtéring area when the net is in the first closed

12,



position causes such turbulence at the mouth of the net that the plankton
is prevented from entering.

The method nsed in Bermuda fcr cpening and closing the net differs
in minor respects from that described abcve, bu% is essentially similar,
Two pucker lines of different lengths are used to close the net in the
two closed positions. Provided that a fairly small wire angle is main-
tained both methods work with a high degree of success. The complication
of the second pucker line in the meihod used in Bermuda renders it a
trifle nmore prone to failure,

Hauls were genierally of an hour's duration and wesre oblique through
the depth of the scattering layer as shown on the fathometer.

Depth recordings A time-depth recorder of the type shown in Fig. 5

wae attached to ths cable five meieis below the plankton net, This in-

Al

strument proved extremely satisfactory and d4id not fail on any occasion,
A depth record of the type shown in Fig. 6 (a tracing of an actuel recoxd)
was obtained. The instrument was calibrated with the aid of reversing
thermometers, and it was found neceasary to apply a correction factor of
0,86 t¢ the depths indicated on the disc. A smaller and more ccompact in-
strument was constructed and calibrated for the Bermuda operation by the
Woods Hole Qceancgraphic Institution. This worked on precisecly the sanme
principle (a Bourdon tube and a 2hi-hour clock) but had the disadvantage
that the recerding-disc was extremely smalle.

Detection of scattering layerss In this preliminary work we have

been confined in our detection of the sonice-scattering layers tc the use
of cenventional echo-sgunders. In California the R, Vs. CREST and the

E. W. SCRIFPS are equipped with NMC-2 fathometers with 17 k.c. sound~



pulsers. in Dormuda Lhe He Y. PANULIGTS 18 fivied with an older model
NMC fathometer., This type of inst*Lment has proved satisfactory in pre-
vious investigations (Boden, 3), but, crtunatuely, it hace taen installed

on the PANULTRUS in such a way that it will uperate only when the ship is

n

ove to,

Handling of planlkion: It was thought desirable, as a first step, to

det~muine wvhat types of photosensitive pigments are present in whole
plankton samples. Wnen the live sample is brought on board, therefore,

it is subjected to only a cursory examination while stiil in the cod-end.
Thie is usually sufficient to raveal the dominant components of the plank-
ton and note tihe presence of others. Specific identification and

accurate counts are imposaiﬁle and, indeed, unnecessary at this stage.

Dark adaptation of live plankton: Exposurs to light of intensities

greater than those normally encountered has been shown to reduce the con-
centration of photosenaitive pigments in living animals (Hagins and
Rushton, L). Surfacs light intensities are certainly abnomally high
for those planktonts associated with the deep sonic~scattering layers,
and it is nec “ssary tc keep them in total darkmess for a period long
enough to allow regeneration of their photosensitive materials before ex-
traction of these substanzss iz attempted. It is known that a two-hour
dark-adaptation period is adequate for this regeneration in vertebrates,
and it was found that the majority of animals associated with the sonic-
scattering layers would survive this period in the dark-adaptaticn chamber.
Bach plankton sampie was transferred irom the cod-end of the nat to
a netal cvlinder ihe ends of which were tightly coverea with bolting silk.

This cylinder wss placed in a small light=proof contaiper fitted with

Fel



opague inlet and outlet tubes to permit circulation of sea water during
dark sdaptation.

After two hours the seaz-water supply was disconnected, and the dark-
adaptation chamber was drained quickly and placed in a filmechanging bag,
Inside tiic bagz, the cylinder containing the plankton was traznsferred from
the dark chamber to a dry, light-proof can. This can was sealed, re-
moved from the bag, and deep-frozen until such time as the sample could
be treated in the laboratory darkroom.

Work in the labouratory

Extraction procedure: Extraction of the light-sensitive materials

was carried out eithsr in dim red light or in total darkness with the aid
of an infra=red image converter.

A Waring Blendor was used to macerate the plankton sample. and the
resultant homogeneous, semi-fiuld mass was poured into a graduated
cylinder. An equal volume of extractive (saturated aqueous digitonin
solution) was added, and the mixture, after vigorcus stirring, was left
in the dark for four to six hours. At the end of this pericd the mixture
was centrifuged. The clear supernatant extract was pipetted off; and
the residue was re-extracted in the same manner,

Detection ui photosensitive substances: The absorption of ihe com=

bined extracts from each plankton sample was measured with a Model DU
quariz specirophotometer throughout ths visibls spectrum. The
cells were filled in the darkroom and transferred, inside the film-chang-
ing bag, to the spectrophotometer,

A variety of precedurcc has been employed to detect photosensitive

materials in the extractss



J. The absorption of the extract was measured directly. The
standard cell was filled with extractiive and the test cell with the ex-
tract which had bLeen protected from all visibie radiation or, in those
cases where red light was used during extraction; expesed only to wave
lengthe greater than 620 mp. ALfter the absorption of tne unbleached so-
lution had been measured, both cells were exposed to bright white light
for ten minutes, and the measurement was repeated.

A loss of absorption in any part orf the spectrum after ble.ching in-
dicates the destruction by light of some component of the sxtract. Con-
versely, an increase in absorption indicates the formmation of a bleaching
product. The absorption curve ¢f a photolabile substance and any bleach-
ing product, the "difference spesctrum,® may be obtained by subtiracting
the absorption values cbtained for the bleached solution from those for
the unbleached at each wave length.

2. The difference spectrum was obtained directly. The standard
cell was filled with a sample of the extract which had been bleached with
white light, and the test cell with an unbleached samyple.

Although this method diagnoses photosensitivity most rapidly, it
gives no clue tc the chemical nature of the pigment., Consequently, it
was used only in conjunction with method 1.

3. The effect of exposure Lo red light (of wave length greater than
&2o R )} was measured. This method was applied only to those extracts
which had been prepared in total. darkness. The standard cell was filled
with extractive and the test cell with extract which had been shieldea
entirely from light., After the absorptiorn spactrum of this soluticn had

been measured, the prism of the spectrophotometer was set at 6% my, the

p
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slit width v»3 adjusted to yield a 10-mp wave band; and the test cell was
exposed to this radiation for 30 minuvtes. The absarption spectrum was
then re-determined, and a diffsrence spectrum indicating the lczs that,
could have occurred had the extracticon been prepared in dim red light was

cbtained.

RESULTS

Light Measurements

The survey phoilometer used in the woirk reported here was designed
primarily to determins whether the system to be empicyed in the final
recording model uas suffiziently sensitive to respond to the very low
light intensities encountered at the depths inhsbited by the deepsr scat-
tering layers.

Calibration of this survey instrument showed that a strajighi-line re-
latjonship between milliameter readings and log focicandles persisted only
through the intensiiy range between 3,25 x 10°6 and 3.25 x 10~7 foot-
candles, Therefore, although this instrument is highly sensitive, it can
give reliable intformation on light extinction only after it has been
lowered to considerable depth.

Observations were made from the E. W. SCRIPPS in Califormia coastal
waters in the region of the San Diego Trough. At Ll hours on November
27, a clear, sunny day with clcud cover less than 10%, the reliable range
of the photometer was attained wnen it had been lowered to (> meters.
Threshold sensitivity (3.25 x 10=7 footcandles) was reached at 15 meters.
At this time distinct scatiering layers were detected with the MifC-2

“

fathometer at dupths of 150-200 meters.



As we had expected, the oceanic waters z2round Bermmdz proved to be
much more transparent., For example, at a station five miles south of
Castle Roads at 1500 hours on Jamary 13, with a cloud cover of 100%, the
reliable range of the photometer was not reached until it had been lowerez
to 150 meters, and its ithreshold sensitivity was obsserved at LOO mstere,
Although no discrete layers of sonic-scatterers couid be detected at this
time with the HM echo=gcunder on the PANULIRIJS, it has been shown pre-
viously that they occur at about 320 meters in Bermuds waters in February
(Moore, 5).

Observations of this nature indicate the adequacy of the system's
sensitivity. The self-contained recording modei retains this ssnsitivity
and is modified to respond reliably tc the higher istensities encountered
in surface waters,

Photosensitivity of extracts

The results obtained with extracts of whole plankton samples are
most promising. To our knowledge these constitute the first suecessiul
experiments of their kind with plankionic invericbrates.
The dark-adaptation methods employed here appear adequate to allow
regsneraticn of photosensitive substances in the 1iving animals, for in
no case was a light-stable extract obtained. The degree of piotosensi-
tivity, as evidenced bty the concentration of pigment, and the color; as
indicated by the position of the absorption maxima in the spectrum,
varied from sample to sample, depending cn the composition of the plankion.
The results obtained from a collection composed mainly cf calanoid
copepeds;, larval and juvenile euphausciids, and & few amphipods. chaetognaths

and ctenophores irs suown in Figure 7. This extract was prepared in total

18,
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Figure 7.

Bottom: Absorption spectra of an aqueous aigitonin extract
of mixed invertebrate plankt- i Top: Difference spectra obe-
tained by subtracting optical density values for the bleached
solution from those for the unbleached. The ares above the
zero-line (horizontal shading) represents materials destroyed
by ligut; the area bslow the line {vertical shading) im-
dicates the formation of a new substance by exposure to 1light.
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derkness. Spectral absorption of ihe unbleached extract is indicated by
the solid curve in the lower section of the figure. Absorption after =
10-minute exposure to white light is indicated by the broken line,

At wave lengths longzr than LOO mp, absorption is decreased after
exposure Lo light, evidence Lhat light has desgtirgved some substance or
substances. Al wave lengiths shorter than LOO mp absorption is iuncreased
by exposure to light., This indicates that some new matsrial has been
formed. Although there were no vertebraites in this collection; the be-
havior of the photosensitive material {s) is not unlike that of the
known vertebrate visual pigments, vhich on exposure to light brezk down
to other colored subatances,

The upper section of Figure 7 shows the difference speciium obtained
by subtracting values for the bleached solution from those for the un-

leached solution at each wave length., The sbsorption of the light sensi-
tive material which was destroyed by bleaching appears above the zero

live (horizontal shading); that of the material formed by bleaching ap-
pears below the lipe (vartical shading).

Tha shape of the difference specirum indicetes that at least five
separate photosensitive pigmenis absorbing maximally at 425, 450, 50C, 535
585 mp respectively may be present.

It is interesting to note that although no vertebrates were present
in this collection, the maxime at 500 and at 535 mp in the difference
spectrum are typical of the difference specira obtained with rhodopsin,
the retinal pigrent of marine fishes (500 zp) and with porphyropsin (535
mp) from fresh-water fishes,

No technigue has been described previously whareby extracis of

20.
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materials which are destroyed by light can be prepared in total darknessa.
Thea classiz spproach has been to use deep-red illumination of minimal in-
tensity and to curtail, as far as possible, the periods of exposurs.
Utilization of the infra-red imsge converter--2 form of photocell
with a silver-caesium oxide photocailiode and a fluorescent screen as the
anode--obviatesz the need for visible light during extractiocn procedures,

Tha cbject to be observed is Milluminated® with invisible infra-red rays

Extracted in total
+.i0f darkness=

//ﬁ\\ me=—= Bxtracted in dim

N\ red light
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Figure 8., Difference spectri obtained from extracis of aliquots of a
mixed invertebrate plankton gollection.
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obtained from an ordinary white incandescent lamp equipped with an infra-
red filter. The rays are reflected by the object and, falling on the
rhotocathode, will release electrons which, accelerated by application of
a high voltage, form, on the anode, a fluorescent green imag- cczrrespond-
ing to the indtial infra-red image.

A number of converter ‘tubes have been tested, and ths Muillard ME 122
seems the most satisfactory. It employs a magnetic focusing coil, and,
on a 28 millimeter screen, resolutions of 200-S500 lines per centimeter
can Le obtained.

The advantageas of the technigqu:s to the woik with plankton are sub-
stantiated by a comparison of thz curves in Figure 8. These diffarance
spectrz were obtained from parallel extractions of aliguots from a single
plankton collection. In one case extraction was carried out with dim-red
illumination; in the other only infra-red radiation was vsed. This pilank-
ton sample contvained only invertebrate forms.

Since little is known of the light-sensitive materials in planktonic
invertebrates, similar p2:211el extractions of retinas of ths Californien

vesws

surf perch; Amphistichus argenteus, were made., A comparison of the re-

sults ef this experimeni (Fig. $) makes ii apparent that even dim red light
desitroys a compcnent of the light-gensitive substance in the vertebrate
retina, This component; in the case of the surf perch, is undoubtedly a
mixture of the total concentration of iodopsing, the "bright light"® photo-
sensitive pigment of vertebrates which absorbs maximally at 565 mp, and

a portion of the concentration of rhodopsin, the %dim light"* pigment

which absorbs maximally near 50C mp.

Until ths photosensitive zyetemc of the plontonic invertebirates are
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Figure 9. Difference spectra of retinal extracts of the surf{ perch,
Amphistichus argenteus. Top: Differsnce after exposure of
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ferances obtained from two sonlutions prepared identically
excspt for Fllumination.
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understced, it is imperative that such incidentel destruction of light

sensitive materials be avcided,

future plans

At the present stage of the investigatiion, a number of necessary
modificationa in technique are foresseable; and an =nlargsment of scope
is contemplated. Much of the succeas of the project depends on obtain-
ing more precise phnysical data than has been possible thus far, and
considerable effort will be devoted tu this. Collection of such data
will be much more feasible with the facilities of the Scripps Institution
than it has been in Beimuda. The following changes in methods are antici-
pated now, and;, doubtless, as these are incorporated the need for others
will become cobvious.

Light neasurement

The desirability of making simultaneous light measurements and
collections at the depin of & scatiering laye. has besn pointsd out prs-
visusly. This has not been possible with the survey submarine photiometer
used sc far. little difficulty is aaticipated, however, in cerrying out
such neasurements with ths self-ccntained recording photometer which can
be attached to the wire near whichever net is in use for collections,

The sensitivity of the phototube in the light meter is, of course,
directional;, and it is proposed tc overcome this in obtaining information
cn total, non-directional illumination at depth by fitting the head of the
photometear withh a transluscent integrating sphere,

Conversely, this directional sensitivity will be made use of in

daterming the relative dagrees cf directional light at depth. This will

o

el



be done by changing the rigging of the photometes- on the cable so that the
sengitive elament will point successively up, down or sideways.

Information on the spectral characteristics of this directional light
will be obtained by scieening the photosensitive element with interference
filters which allow the transmission of light in very narrow spectral bands,

As more precise data on the characteristics of submarine illumine-
tion accrue it will become of irterest to determine the causes of trans-
parency fluctuations particularly 2s these fluctuations affect the dspih
and migration of the scattering layers. For the mzaaurpment of turbidity
of sea-water a fluorescence attachment has besn purchased for the Beckman
spsctrophotometer. With this instrument differences up to 86% in Tyndall
effect between filtered and unfiltered sea-water have been obtained,

The equipment necessary for micro-~filtration with millipore membranes--
a technique described by Goldberg et al. (6)--have alaso been purchased.

It is hoped that this technique will r=veal the components ¢f the micro-
flora and -fauna in samples whose turbidity has been determined; and

vwhich have been taken from the water-column above thc scattering layer,

With millipore membranes it will also be puszible to obtain informa-
tion about the inorganic content of the colloidally dispersed material
in the watsr column aoove the scattering layer. For organic analysis
sdsorbent filters (Fox, et al.. 7) will be used. In these analysea,
spacial attention will be paid to detect those substances which absorb
iight seilectively and wiiose concentrations in any given sampis way influ-
ence the spactral tranamission of the water column.

Plankton Collection

Since we feel that the nata we have used so far are rather selective

ve intead using a wider variety of gear for collecting from scattering



layer communities. One net of considerable promise, if suitably modifi=zd,

is the Isaacs~Xidd midwaisr trawl. A closing mechanism has beer devised
for this,

Hydrographic casts made immediately bhefore or after the plankton
collection will yield temperature data at layer depths. It will alao
ve of considereble interest to investigate the oxygen profile in ihe
water column,

Detsction of scaltering layers

The main objection to the method used for detecting the scattering
layer thus far in this project is the insensitivity of the NMC type
fathometers *o large portions of the sound spectrum. This has been over-
come in part by Galler (8) who used a battery of fathometers operating at
1L, 18 and S0 kilocycles, and succeeded in picking u; multiple layers
not apparent on a gingle instrument,

The rethod devised by Hersey et al. (9) utilizes an explosive "whits®
sourdl scurce and filters the reverberation. This eliminates the blind
spots on the spectrum, particularly at lower frequencies, and reveals the
frequent presence of layers which scatter sound of frequencies as low as
5 kilocycles.,

Instruments of the type used by Galler already exist at Scripps,
and those necessary for Hersey's technique have teen purchased for this
project,

It is intended, therefore, to use both teclniques, one suppiementing
the other,

It is hoped that the information thus gairnzsd on the acoustic crosse
section of the scaticsrers and their prchable size will enable us to de-

aign adequate net-hauls,



Handling of plankton

Several refinements are highly desirable nere and will be devised as
the provlem progresses. Xt is; for instance, propesed to retain a portion
of the sample for preservaiivu xnd svbesequent examination and counting in
the laboratory.

Of prime importance will be the development of techuiques for separat-
ing the main constituents of the plankton while still alive. In the work
repoxrted here, whole plankton samples have been extracted. Absorpticn
spectra obtained from these extracts have indicatsd the presence of mix-
turee of photosensitive pigmernt=z. Whether the components of these
mixtures are species-specific or whether an individual groupg may con-
tain several or all of them can only be determined by exiracting uncon-

taminated samples of the various planktonts,
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