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THE SHIPS 
Vessc3ls belonging to  three agencies regularly par- 

tic+ipat(J in the work at sea untler the sardine resrarc.11 
prograni. The s h i p  are the  ~ ' e l l o w f i ~ r ,  of the California 
Division of 13sh ant1 (:wine ; the Blnck  Donglns,  of the 
I-. S. Fish and \Vil(llife Service ; and the ( 'rest  and 
IIorim?t, of thc. Scripps Institution of Oceanography. 
These fonr vessels are shown in Figures 1 and 2. The 
S H. Scofieltl, of the California Division of Fish and 
Ganie, participated in soin(' of the early cruises, and 
the Scripps Institution's I'aolina T and E .  IP .  Scripps 
ocv asionally have been iisetl. 

The Y ~ I l o w f i n ,  Black 7)oirglas,  Crest, ant1 Hori-?on 
Iiavc~ all berii acquired since the  program began. They 
have been q u i p p e d  as floating laboratories, the work 
b 4 n g  only partially clone from sardine funds. I h i r w -  
sions and speeds of the vessc.1~ are : 

I ~ i r y t h  Rl,"tl 
(ff.) Toll l i t 1  (JC' (I, I1 0 f <) 

Yellowfin _ _ _ _ _ _ _ _  114 272 (gross) 10 
Hltrck 1)olcgZns _ _ _ _  118 371 (gross)  !) 
(")e.qt _ _ _ _ _ _ _ _ _ _ _ _  130 320.27 ( t l i sp lnwniP ir t )  10 
Iloi  i ~ n  _ _ _ _ _ _ _ _ _ _  143 (io0 (disl)liicPiiieiit ) 1 0  

The rruises these ships niake can be divided into 
three typcs : 

( 1) The routine oceanographic-biological survey 
vrnises covering the entire area under investigation at 
approximately monthly intervals ; 

( 2 )  Occasional cruises that are limited in scope and 
t1esignc.d to fnrther special studies being made under 
the program ; 

( 3 )  Snrvey cr1iisr.s made as par t  of the  work on 
availability and yonng fish. 

The last type of cruise is niade only by the Yel lowf in ,  
which, as one of the research vessels of the California 
Division of Fish arid Game, is available for sardine work 
(luring only part  of the year. The other ships are avail- 
able for both the  routine cruises and those connected 
with sperial studies. 

THE STATION PLAN 
By far  the bulk of th(x seagoing work consists of the 

oerupation of the oceanographic station-arbitrary 
geog raph ic 1 ovat ions-wh ir 11 pat tern the su rvq-  a r m  
T h c rcy i 011 1111 tlc r s i i  rvc y ('owrs ap p rox iniat el y 6 7 0,000 
scjiiarc. niil(Js (Fig.  3 ) .  ,\bout 4.5 stations itre ocmpietl 
by rach ship on (1iic.h rrnisc. In  d(wsity of observations, 
oceanography, the s(*ioiii*(h of thcl via, has a long \ray 
to go to catrh iip 11 ith t l i ~  \ci(>iiw of tlit. air, nietcwrology. 
'rlrc, arva of thcl wgioli siirwycvl is iiiorc than foiir tinic.s 
thitt of the Stat(. o f  ('aliforiiiii 1 ' t 1 ( >  totill ~ 1 ~ i ~ ~ ~ l ) ( ~ 1 '  of 

A 

stations oc.ciil)ic.tl p('r vriiisc. is atwilt 140 'l'liore are 311 
nit teorological stations in the. Stat(. of C'alifornia. 

T h e  statioii plaii non- iii i iw is a fl~xiblc one. Sta- 
tions itr(1 atlclrtl o r  t l ropp t~ l  as the ntwl ariscls During 
th(. span niitg st'asoii. for instanrc, sc~c,ral n ( w  stations 
art' occiipicvl 111 areas where spawniiig is most intense. 
IIoncver, since the mhole point of the program is to 
gather oreanographic (lata by nieans of whivh average' 
conditions in the wa can be tletc~rniiiiotl. ncwly the 
entire area is cwverrd on almost every vriiise. 

The station plan was tlctcriiiincd in this nay  : a line 
I\ as tlrawn that ronghly parall(>ls t h e  voast ( t rue bear- 
ing 330 degrees) ant1 the lines of stations were plotted 
at right aiiglcs to this basr line. Most oceanographic 
features off thr  ('alifornia cwast, snch as currents and 
trmprratiire distribiitioii, approxiniately parallcl thc 
coast. 1Iaving the grit1 oricwtcltl at right angles t o  the 
base (or voast) line allons bcttrr (fewription than if it 
were along t h e  1iiic.s of latitutlc ancl longitude. TTnder 
the system now in use (adoptcvl carly in 1950), the 
major  station lines lie 720 niilf's apart ancl are num- 
bercd in miiltiplt~s of 10. Tlines (.an be spaved as closcly 
as 12 miles apart  aiid still have intlioichial niunbrrs. 
The plan illso pcrniits indioitlrial nmnbrrs to be given 
stations spaced only four niiles apart  Most of the sta- 
tions ar(J 10 Iniles apart  ; thcy are nuniberctl in multiples 
of 10. The numbering system ~ronltl permit the survey 
area to  be subdivided into many stations, each of which 
woiild represent an  area 12 nii1t.s long by fou r  miles 
wide. I io\rwer,  i n  the presmt plan most stations repre- 
sent an area of either 40 by 40 niil(,s 01' 40 by 120 miles. 
Tn referring to a station nndcr thc present plan, the 
line niunber is given. then a decimal point, then the 
station nuniber. The schernt~ facilitates quirk identifiva- 
tioii: station 120.60 is station 60 011 line 120, for ex- 
ani 131 e. 

The svhediiling of n e ~ v  cruises is workcd out a t  
monthly meetings of representatives of the T'. S. Fish 
and Wildlifc Servicae and thr Scripps Institution of 
Owanography. and at less frecliirnt meetings of wp-  
resrntativrs of these organization\ itith repr(J\etltil- 
ti\.(+ of thc California T)ivision of Fish ii11tl (:anir I\t 
thrse iitfornial ronferenve\ it is c l t v i t l r t l  whic.h ships 
are to g o  whpr(1. \ \ h ~  \ \ i l l  h r  iibo;irtl ~a('11 v c ~ s ~ l ,  \ \hat  
stations will he ownpied L41so at thcw cwiif(>rt.iiws. tlic. 
tlifYkiilt problems of 1)rioritit.s ill '(' wttlc>tl 7'hc.J arc' 
tlificwlt cahicfly bevaiiw (~vc~ryonc is intc~i*c+tc~cl in i i \ i i i C  

the rc~ssols cliiriiig thv \ainc~ 1wriocIs ; 11 h v l i  the sar(liii(i\ 
 arc^ spat! iiiiig. oc~c~atiogriipliic~ (*oti(litioiii :IN' viiiingiiig 

tilost ixpi(ll> i i i l t l  ~ ~ ~ i t ~ ~ l < ~ ~ ( l l >  It I I I I I ~ ~  tl(~cidcvt \{ ll(~tll(.l~ 
i l  fP\\ \ t ; r t l o l l \  oir Sor t I l l~r  11 ( ~ i l l l f o r l l l r l  ('<I11 I)(> s<ltc>l> 
I ) \  -])il\scYl Ill t l l V  l l l t ( ~ l Y ~ s t  o f  < I c 1 c 1 1 1 1 "  i l  fP\ \  11101'(' off ( ' l ~ l 1 1  I ) \  
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FIGURE 2. (UPPER) The Crest, owned by the University of California’s Scripps Institution of Oceanography. (LOWER) The Horizon, also owned by the 
Scrippr Institution of OceanoqraDhv. Both vessels participate in the routine survey cruises. 
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Tsland. Such decisions carry responsibility ; data froin 
those few stations off Northern California may later be 
badly needed to confirm variations in oceanographic 
conditions. 

Each vessel carries a coniplenieiit of scientists and 
niarine tethniciaiis whose job it is to measure the cease- 
less changes of the oveaii. (Sometimes they are called 
upon for other sorts of work; in October, 1949, the 
Black D o r r g l g . ~  came to the rescw of the survivors of a 
s1iipwrec.k off Xorthern California.) 

COLLECTION OF DATA 
Oceanographic conditions” is a useful but rather 

vague phrase in which are lumped all the measurable 
characteristics of sea water. In aiiy sample of water, 
scientists are particularly interested in the following : 

I (  

(1 ) Temperature 
(2)  Salinity 
( 3  ) Amounts of dissolved oxygen aiid dissolved 

(4)  Transparency of tlie water 
(5 )  Amounts aiid kind of living organisms present 

Over the years instruments to get that  inforniation 
have s l o ~ d y  evolved. Some of them (trawls, for exam- 
ple) have been borrowed from fishermen. The search for 
one of the most useful instruments-a device that would 
entrap and allow bringing to the surface an  uncon- 
taminated sample of subsurface water-occupied sci- 
entific men for almost 300 years. It ended only in  the 
first years of this century with the invention of the Nan- 
sen bottle, the instrument now most widely used for 
tlie purpose. When a station is occupied, a series of 
Xansen bottles is attached to the hydrographic wire and 
lowered from the ship (Figs. 4 and 5 ) .  At  the desired 
moment. the first messenger, a small weight that  slides 
clown the wire, is let loose. It tr ips the first bottle and 
releases the next messenger. The bottles reverse and 
close tightly on the samples of sea water. Attached to 
the bottles are reversing thermometers which show the 
temperature a t  the moment of reversal. 

Details of the work on station have been modified 
during the progress of the program, but the basic rou- 
tine (which has been established by years of research in  
oceanography) remains unchanged. A t  each station, 
the following observations are made : 

(1 ) Plankton tow to 75 meters. This is made with a 
nonclosing one-meter plankton net (Fig.  6 ) .  Fish eggs 
and larvae are collected in this way. 

( 2 )  IIydrographic cast to 1,200 meters (if possible) 
for temperature, Yalinity, oxygen, and phosphate data. 
Nansen bottles attached to the wire collect samples from 
15 staiidard depths. The hydrographic cast takes almost 
an hour to complete. 

( 3  ) Bathythermograph obsrrvations. This instru- 
ment records water temperatiire to a tleptli of 137 
meter4 (4.50 feet) 

inorganic phosphorus present 
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(4)  Phytoplaiikton cast (again using Sansei1 bot- 
tles) to 70 meters. 

In additioii, all ships engage in dip-net fishing luitler 
a light a t  night, ant1 iiote the occurrence ant1 abuiidance 
of niarine birds aiid niarine mammals. Weather data are 
collrcted and transiiiittecl to the 1‘. S. Weather IZiIreau 
four times daily. Occasioiially, deep plankton hauls are 
made. 

Lis the vessel arrives 011 station, it is slowed ; while 
it is losing way, the planktoil net is readied and lowered 
iiito the water. The quantity of water strained during a 
h a d  is nimsured by a current meter fastenecl ill tlie 
mouth of the net. The anglr-of-stray of the towing wirr 
is read a t  one-minute intervals during a haul. When the 
net tow is completed, the sample is removed, labeled, 
and preserved for analysis ashore. The vessel then 
swings into position for the hydrographic cast. The 
depth of the water is read from the fathometer and 
recorded. When the ship has lost way, the Nansen bottles 
and bathythermograph are attached to the hydro- 
graphic wire and lowered to an appropriate wire depth. 

Four niinates are allowed after the Nansen bottle\ 
arrive down before releasing the rnessenger. The wire 
angle is measured with an  inclinometer just  after 
releasing the messenger. During the time between the 
cast’s arriving down and starting lip the weather and 
the state of tlie sea are observed and recorded. As the 
cast is raised, the bathythermograph aiid the Nansen 
bottles are removed froin the wire. I n  the 15 minutes 
or so required for the thermometers to come iiito eyui- 
librium with the air (both the air temperature and the 
sea temperature as recorded by the reversing therniom- 
eters are needed for computations of the true sea teni- 
perature), the phytoplankton cast is made. This coni- 
pletes the work on station. The entire process will be 
repeated a t  the next station, 40 i d e s  away. Between 
stations, the temperatures a t  the 15 standard depths are 
read and recorded. Water samples are analyzed for 
their chemical constituents. Salinity (which is deter- 
niined by means of chlorinity titrations) is determined 
ashore ; the rest of the measurements are made a t  sea. A 
250-milliliter sample from each depth is analyzed for 
dissolved oxygen ; duplicate 100-milliliter samples for 
each depth are analyzed for dissolved inorganic phos- 
phorus. During an average cruise ( 3  ships, 140 stations) 
the following number of analyses are rim: 2,100 oxy- 
gen, 1,200 phosphate, aiid 4,200 chlorinity. 

The ships keep in touch with the shore by means 
of radiotelephonc., reporting regnlarly on tlie progress 
of the work. 

PROCESSING OF DATA 
The data collected by the techiiiques just  described 

are subjected to considerable refinement. The proce\s- 
ing of the mass of original data coniprises a full-tinic~ 
.job for  20 eniployrc~s at  the Svripps Institiition of 
0c.wiiography and 1.5 eniployees of tlie I T .  S. Fish ant1 
Wiltllifc Srrvicoe Still inor(’ orkey\ a r ~  nwtlctl Tlrc. 
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FIGURE 3. Present station plan of the California Cooperative Sardine Research Program. The numbering system, adopted early in  1950, i s  planned so 
that the station lines are 120 miles apart, individual stations 40 miles apart. Extra stations have been added in regions of particular interest in sardine 

work (note density of station network off Southern California). 
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FIGURE 4. The hydrographic cast. Water samples are taken as nearly as possible from speci- 
tied standard depths by means of Nansen bottles. The bathythermograph provides a continuous 
trace of temperature to 137 meters (450 feet). The bottles are more closely spaced near the sur- 
face because oceanographic conditions ore more variable there. Making the hydrographic cast 

takes approximately one hour. 
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FIGURE 6. Plankton tow, using the one-meter net. As the vessel arrives on station, i t  i s  slowed; while i t  is  losing way, the plankton 
net is  readied and lowered into the water. The quantity of water strained during a haul is  measured by the current meter fastened 
in the mouth of the net. When the net tow is  completed, the sample, which is  collected in the removable cad end (lower right) is  

removed, labeled, and preserved for analysis ashore. 
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PROCESS ED OCEANOGRAPHIC DATA 
SCRIPPS INSTITUTION OF OCEANOGRAPHY UNIVERSITY OF CALIFORNIA 

FIGURE 7. (UPPER) The 
original oceanogrophic data noted at  a single station. Location, time, weather, state of seo, and depth as shown by 
fothometer are among the items entered. (LOWER) The processed data. Still more computations ore needed, however, 
before the data ore in  their final form. Approximately 2,200 stations hove been occupied since the program began; the 

collection and processing of the oceanographic data alone require the services of 20 full-time employees. 

Two of the forms used in working up oceanographic data obtained on the sardine cruises. 
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collection and compilatioii of such data forms the core 
of the sardine research program. Two of the forms 
used for original and processed oceanographic data 
are shown in Figure i. 

Eventually the oceanographic data from the cruises 
will be published in permanent form. Plans fo r  the 
publicatioii of the 1949 material are under way. Mean- 
while, the results of each cruise are for convenience 
being mimeographed and distributed to those working 
on the program. 

INSTRUMENTATION 
During the past two years, some of the most inten- 

sive and fruitful  work under the sardine research pro- 
gram has pone into the development and testing of a 
group of new instruments designed to improve methods 
of obtaining biological samples. This work has been 
doiie at the Scripps Institution of Oceanography. 

Midwater Trawl 
One of the problems of the complete investigation 

of any fishery is the adequate sampling of the adults 
of the species. Most of the data on the adults of the 
species from the sardine research program have come 
from commercial catches or from special vessels ntiliz- 
ing what is essential1,v commercial gear. The floating 

fish-larvae t rap  ha.; to sonie extent approached the 
problem of adequately sampling the older forms of 
sardines, bnt is able to take only larvae and m a l l  
juveniles. A new approach has been attempted on this 
problem by the development of a midwater trawl. This 
is a net of about the climensioiis of ordinary otter bot- 
tom trawls but with a mouth made considerably higher 
in order to captnre fishes not ordinarily found near 
the bottom. 

Tests on a preliminary model of such a net have 
been extremely encouraging. A net designed 011 racli- 
cally different principles, 10 feet wide across the mouth, 
12 feet high, and about 35 feet long, has been developed. 
The mouth is kept open by a special beam which also 
acts as a depressor. The instability inherent in such 
a design is corrected by a small piloting depressor 
attached below this beam. One of the 43-pound honio- 
peneous depressors has been used with success as the 
pilot. This comparatively large net has been towed a t  
relatively high speeds and great depths. A t  a towing 
speed of about four knots a depth of 1,500 fathoms 
(about a mile and a half) ,  was reached, and several 
heretofore unreported deep-sea forms of fishes were 
captured. The net has also been towed at about 60 
meters depth at  a speed of six knots. Fish as active a4 

- 

FIGURE 8. The plankton collector was developed as part of the sardine research program. Eight are shown here. The collector was designed to allow 
high-speed sampling. With the collector in the lower part of the picture are shown (at left and right) devices used in two methods of attaching the col- 

melting point con be cast directly on the cable. I t  is  melted off offer use. In the center are (left to right) the recorder and bellows, propeller assembly, 
and collecting net. The collector at the upper right is o specially designed adaptation for low-speed work. 

lector to the cable: at the left ore o stainless steel boll and Allenhead screws; at the right equipment by means of which o ball made of an alloy of low Am 
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or more active tliaii sardiiies have been captured ilk 

these few shallow tows bnt tio adult sardines have been 
caught. Further  tests will be made where sardines are 
known to be present. A larger net approximately 17  
feet across the mouth and 50 feet long has been con- 
structed, and w d l  soon be tested at sea. 

There is apparently no limitation 011 the size of 
this type of net other than the ability of the gear 
aboard the vessel to handle it. It is believed that a 25- 
foot net could be handled aboard the Hor izon,  and 
with the installation of special booms, nets u p  to per- 
haps 50 feet could be handled. Such nets become 
rapidly heavier and more unwieldy as their size is 
increased. To date all tows of this net have been macle 
for  the purpose of determining its hydrodynamic 
cliaracteristics and ascertaining the types of fish which 
it can capture. 
High-speed Gear 

The small nets conventionally used for the collec- 
tion of animal plankton have several disadvantages. 
One of the more serious is of course their slowness of 
operation. Making a net tow means that the vessel must 
greatly decrease its speed. Now an instrument has 
been developed which, although not replacing (and 
not intended to replace) the plankton net, allows plank- 
ton tows to be made while the ship is under way. The 
instrument is the high-speed plankton collector (Fig.  
8). The U. S. Fish and Wildlife Service has cooperated 
in  its development. 

When a net is used to collect plankton, probably it 
works an area where some of the fish larvae and other 
nektonic creatures have been disturbed by the pas- 
sage of the cable. Thus, a consideration in the design 
of the new collector was to have the fishing end some- 
what ahead of the cable on which the collector was 
operated. The collector has been so constructed that 
it can be mounted on the cable by means of a special 
spherical cable clamp ; this allows the cable to pass 
through the collector a t  its forward third point. The 
actual fishing is done some 12 or 14 inches ahead of 
tlie point of attachment. 

A separable depth-flow meter is used with the col- 
lector. (Although designed primarily for that  use, the 
depth-flow meter has a general application to all prob- 
lems in which depth a i d  distance hauled need to be 
known.) A continuons record is made of the depth of 
the meter and the flow of water past it. The funcla- 
mental coniponents of the meter may be divided into 
(1) an impeller and gear train, ( 2 )  a pressure element 
aiid stylus, aiid ( 3 )  a recorcliiig spool and tape guides. 
Tltirtg-five-millimeter calcar acaetate film is used for  
recording tape. 

The spherical cable attachment designed specifi- 
cally for iise with the Iiiph-speed plankton collector is 
also likely to  have much wider applications. I t  was felt 
tiecessary to design such a (.lamp so as to permit free- 

cable. Such an arrangement permits the cable to spin 
as loads are applied aiid prevents the instrumelits from 
being twisted about. The clamp, which is made of 
bronze, consists of two hemispheres held together by 
Allen-head screws. 

The high-speed plankton collectors were tested on 
the May cruise of 1950. Four collectors were attachetl 
to a single cable, giving a simultaneous record of the 
distribution of plankton a t  several drpths. The four 
collectors were towed about 600 miles during this cruise. 

Simultaneously with the development of the high- 
speed collectors, it was necessary to fintl a method to 
keep the cable and collectors under the surface while 
they wen> being towed. When a ship at  full speed tows 
ai1 object. the forces impelling that object to the surface 
become enormous. The search for a device to  bring abont 
a suitable depressing force was concluded with the 
development of the new honiogeneous depressor 
(Fig.  9 ) .  

FIGURE 9. Although designed specifically for use with the high-speed 
plankton collector, the homegeneous depressor promises to have far wider 
applications in the field of oceanography. Cast of bronze, the 43-pound 
depressor exerts a 753-pound depressing force at 10 knots. The depressor 
i s  inexpensive, and can be made in sizes that depend upon the work 

to be done. 

The depressor is cast from bronze Tt is specifically 
designed so that (1) gravity orientation can be ob- 
tained with the use of a single niat&d,  and ( 2 )  the 
flow pattern is fixed over a large range of speeds. This 
permits balancing in air, eliminates the iinbalanc4ng 
effect of permeation bg v a t u ,  and pemiits operation at  
various speeds. I t  can be cast in several sizes, depencling 
on the job that  has to be done. A 13-pound depressor 
exerts a ‘i50-pound deprcwing force at  10 knots. A 
depth of 50 meters can be obtaiiml at  that speed with 
:-inch cable. A depth of 100 nietcrs van be attained u-ith 
:52-inch wire. The tlepressor is chcap ; the 13-pound 

size should cost no niore than $25 if canmerc.ia11y pro- 
duced. The depressor ha5 1)eeii towed at  22 knots by a 
destroyer withont instability It then developed a 
3,000-ponnd depre%inp force. r 

A siinple inexpensi.t e l i y d r a ~ ~ l i r  tl~iiaiiioineter has 
been tlesigned for iise on the cables towiiig tlepr(>ssors. 
This easily read indicator of cable str(w is n nwf.ssitj 

cloni of tlie attaclietl instriunent with respect to the when towing plankton collectors at  high s p ~ t l s .  
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This new depressor is regartled by scientists work- 
ing on the program as onp of the significant recent tech- 
nological advances in the science of oceanography. 
Rpparcntlq- it is going to permit the development and 
iw of hitherto impracticable wientific instruments, and 
will thus oRrr the opportunity for gaining important 
new knowledge about the oceiiii. 

Floating Fish-larvae Trap 
Another invention (leveloped under the sardine re- 

search program is the floating fish-larvae t rap  (Fig.  10) .  

FIGURE 10. The floating fish-larvae trap is used when the ship is an- 
chored ot night. Attracted by the electric light, larval and postlarval fish 
enter the trap through conical holes, pointed inward, in the wire mesh 
sides. Flaps at the top collect fish swimming just beneath the sea surface. 

Customarily fish larvae and young fish are sampled by 
collection with a dip net. The larvae and young are 
attracted by a light hung over the side of the ship a t  
night and dipped u p  in  the net. The floating fish-larvae 
t rap  promises to do this work more effectively. It should 
collect quantitative samples of the larval and post- 
larval forms of sardines, other surface fish, and surface 
invertebrates. I n  form, the t rap  is an  inverted pyramid 
of wire mesh. The sides are pierced by a number of 
sinall conical holes. The cones have a base diameter of 14 
inches and are directed inward 1$ inches, terminating 
in a $-inch hole. The t rap contains a float, beneath 
~vliich is an electric light which attracts the fish. The 
t rap  rests with the flat base of the pyramid on or just  
below the surface of the water. At the surface are flap 
Yalves which seem to collect forms swimming close to 
the surface film. Tests have shown that the t rap collects 
larval and postlarval fish fa r  more efficiently than does 
a dip net. 

Plankton-sample Splitter .r*, 

The plastic plankton-sample splitter (Fig.  11) is 
used in  the work ashore. It has been constructed to 
obtain aliquot divisions of a sample of plankton too 
bulky to handle by ordinary methods. It is in  regular 
use in the recruitment studies. 

Chlorinity Titrator 
One of the immediate products of an  oceanographic 

cruise is a large number of bottles filled with sea water, 
the salt content of which must be determined. I n  order 
to run  these determinations more rapidly and more 
accurately than can be done by traditional methods, 
the automatic chlorinity titrator is being developed. 
This instrument carries out automatically a potentio- 
metric titration of halides with silver nitrate solution, 
the end point being indicated by the difference in poten- 
tial between a silver-silver chloride electrode in the 
titration vessel and a reference silver-silver ion elec- 
trode. When the titrator is in use, the operator has 
merely to place a sample of sea water in the titration 
vessel, push the appropriate buttons, and, in a few 
minutes, record the chlorinity. 

ASOP 
I n  the past most shipboard colorimetric analyses 

had been carried out with visual colorimetric instru- 
ments. Although development of the photoelectric cell 
has permitted the design of much more sensitive and 
accurate colorimeters, most instruments available com- 
mercially are ill-suited to the rigors of shipboard use. 

.a 

FIGURE 11.  The plastic plankton-sample splitter. This instrument was con- 
structed to obtain aliquot divisions of a sample of plankton too bulky to 
handle by ordinary methods. I t  is  in regular use in the recruitment studies. 

r*, 



PROGRESS REPORT 19.50 21 

I n  order that  colorimetric determinations of nutrients 
such as phosphate could be carried out as a matter of 
routine, it was necessary to develop a rugged seagoing 
instrument. 

ASOP (automatic servo-operated photometer) is 
a double photocell instrument, in which the electrical 
unbalance between the two photocells is used to con- 
trol a servo-motor. This in turn  drives a slide wire in  
the proper direction to eliminate the unbalance. Essen- 
tially monochromatic light is used, resulting from a 
projection bulb and interference-type filters. After the 
instrument is balanced initially, one has only to intro- 
duce the sample and read off its transmittance. 

Other Projects 
The work ashore and a t  sea has required the fre- 

quent development and modification of equipment. 
Some of the other projects undertaken at the Scripps 
Institution include the development of shipboard fil- 
ters ; the production of stainless steel graduates, filter 
flasks and other laboratory equipment for  seagoing 
use ; the design of automatic reagent dispensers (Fig.  
12) for rapid metering of small fixed fluid volumes of 
chemicals ; the construction of equipment for the cali- 
bration of reversing thermometers ; development of a 
slow-speed microscope stage drive; design of a non- 
metallic pump for the collection of uncontaminated 
water samples ; the very successful modification of a 
centrifuge for use in  chlorophyll analysis ; design and 
testing of a wire drum and sheave to handle piano wire, 
by means of which it is hoped to reach depths of more 
than 200 fathoms at a speed of 10 knots ; development 
of a deck-recording surface thermometer of great 
sensitivity. 

P- 

- 

&[any of these clevices are to be protected for sei- 
entific work by patent applications. 

U. X. Fish and Wildlife Service persoiiiiel h a w  
devised an  angle-of-stray indicator (Fig.  13) which 
consists essentially of a steel ball damped in  mineral 
oil in a curved glass tube which is mounted on a large 
protractor. The instrument is suspended from the tow- 
ing wire during net hauls, and provides a continuous 
record of the wire angle, knowledge of which is neces- 
sary in making the haul and in  estimating the depths 
at which the net fished. A similar device has also beeii 
developed a t  the Scripps Institution of Oceanography. 

FIGURE 13. Angle-of-stray indicator. When suspended from the towing 
wire during net hauls, the instrument provides a continuous record of the 

wire angle. 

- 
FIGURE 12. By the use of the automatic reagent dispensers, small volumes of reagents are rapidly and accurotely metered by the oil displaced by the 

assembly. These are for laboratory use ashore and at sea. 



1’. S. Fish aiitl Wildlife Serviw perwniiel have de- 
vised a wire claiiip (14’ig. 2 1 )  eoii\istiiig of two hinged 
mcmbers wliich are  c~lampetl over the 11 i re  by meaiir 

FIGURE 14. Wire clamp. A small size is  used as a safety clamp for 
Nansen bottles, a larger size as a wire clamp for plankton nets. 

of toggle bolts aiid butterfly nuts. A small size is used 
as a safety clamp for Sailsen bottles, a larger size as 
a wire clamp for plankton nets. 

Use of Soundings to Locate Sardine Schools 
One important aspect of the work 011 instruments 

in the sardine research program has been the Cali- 
fornia Division of Fish a i d  Game’s testing of sonic 
methods for the location of fish schools. This work is 
now a standard technique aboard the Yellowfin. The 
\.esse1 is equipped with a Navy surplus sonar (echo- 
ranging ) device and with a recording echo-sounder. 
The work aboard the Pel1owfi.n has shown : 

( 1 ) The sonar equipment installed aboard the vessel is prac- 
tical for locating schools of fish up to a range of 800 
yards from the vessel. 

( 2 )  The sonar equipment installed aboard the vessel is not 
practical for locating schools of fish in water of depths 
of less than 5 0  fathoms. The transmission angle of the 
projector permits return from the bottom a t  short ranges 
in shallow water, masking out any schools of fish which 
might be present. 

( 3 ) The recording echo-sounder installed aboard the vessel 
is practical for locating schools directly underneath the 
vessel, and for  determining the vertical distribution of 
these schools (Fig.  15), but not for identifying; their 
composition. As yet species of similar size and schooling 
habit cannot be separated by the trace on t’ie recording 
echo-sounder. 

The equipment aboard the Yel.lowfin is bulky, ex- 
pensive. aiid requires the servives of a trainecl operator. 
Its experimental value is cwnsitlerable, but commercial 
exploitation is regartled, at least at  present, as scarcely 
justified. 

The methods of et.)io-soiiiitliiig and echo-ranging 
arc’ similar to those t l t~e lope t l  by the Navy for locating 

. Tlir soliar heirtl is iiot used for active 
t is I(’f’t at 15 t 1 t y 1 . c ~ ~  0 1 1  either bon-. When  

an iiitlicwtioii of  tile pres(’iiw of ti sehool of fish appears, 
tlir I i c ~ a t l  i:; iwtatetl aiitl tliv vcwc~l iii:tiieiivtv*e(l to (:onie 
tlitwtl>. o v ~ r  t l i c b  st*liool. \ V I i ~ i i  t h f a  svliool appears 
;IS i l  ti.itc.t’ 0 1 1  tlic. wwi.(liiig cvlio-soiiiitlrr. a small 
(’s ! ) I  o.;i \ - ( I  ( . l ~ i i  IV ,  is t l  rol)ptv 1 i i  I I  t l  sitlti~)lc~s ;I I.<& c . 0 1  Icy+xl. 
1 I l c s  i l i i ltl io(l is  I I S ~ V I  o i i i ) .  :IS ii siil)l)l(lill(’iit to  visiliil 

lOt , i i t  i o i i .  

I ’  

I 

FIGURE 15. Two examples of the use of echo-sounditig apparatus aboard 
the Yellowfin to help in locating sardine schools. (UPPER) On Cruise 
50-Y-7-36, 23 July 1950, a school was found about one mile off Cedros 
Village. The light trace near this top was made by echoes from the school 
(the lower, darker trace is  the bottom). Vertical distribution of the school 
was from 10 to 80 feet. The vessel probably cruised over the school. Sam- 
pling resulted in the taking of 81 sordines and 4 iack mackerel. (LOWER) 
This school was located visually on Cruise 50-Y-7-33. It was found 19 miles 
south-southeast from Morra de Santo Doming0 in Sebastian Viscaino Bay. 
The bottom is at approximately 260 feet. The upper trace shows the vertical 
distribution of the school to be from 16 to 60 feet. More than 100 sar- 
dines were taken. Observers estimated that the school contained 30 tons 

of sardines. 


