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nrl'RODUCTION 

Early in 1946 the owners of sardine processing plants in the 
San Francisco area, through their San Franoiaco s.ardine Association, 
arranged to operate a purse seine vessel equipped with echo-ranging 
gear tp explore for sardines and try experimental i'ishing. Concerned 
by the poor fishing in recent seasons, the Association wished to find 
means of milking sardine scouting more effective and thus assure a 
steadier, if not greater, catch of fish • 

The purse fileiner MS PEARL HARBOR, Captain John Aiello, with full 
fishing orew end a purse-seine, was chartered to carry on the experi­
ment during the months of' April, May, and June. captain Vince 
Cardinalli was enga~ed to supervise the operation tor the Association. 
! special permit to use sardines for reduction was seoured from the 
California Fish and Game Commission, so that any i'iah caught during 
the experiment could be processed durin~ the o~oaed season. The 
Submarine Signal Corporation installed the echo-ranging gear, oonmonly 
known as Sonar, and provided a technician to operate it. The Associ­
ation also made arrangements to make sonar eeplipment available to 
any or all boats in the San Francisco fleet, provided the experiments 
gave promise of success. 

At the invitation of the Se.n Francisco Sardine Association a 
biologist of the u. s. Fish and Wildlife Service accompanied the 
vessel to observe the operation and to collect as much oceanographic 
and biological data as possible. '.!be Service assigned Oagood R.Smith 
to regularly perform the observations and Elbert rr. Ahlstrom went on 
the PEARL HARBOR for the cruise of April 23 to 26 during 'Which the 
bathythermogrnph was first put into operation. A biologist of the 
California Division of Fish and Game also aacompanied the veisel as 
an official observer and at times kindly assisted in the operation ot 
the bathythermograph and plankton gear. J. B. Phillipa, w. E. Ripley, 
J. A. Aplin. and p. Bonnot each served in thi.s oapaoity at various 
times. 

The oceanographic and biological data collected were not particu­
larly extensive as to kind or area and, lacking previous reoords from 
the same area and the same season of the year for comparison, their 
interpr~tation is difficult and uncertain. However, the very ciroum­
ste.noe which limits their interpretability gives them signif'ioanoe as 
the first information of the kind for the place and time. Moreover. 
they relate to sprin~ and early summer conditions prior to the sardine 
season of 1946-47 which proved later to be an al.moat complete failure 
in these waters, San Francisco's catch for this season being down 97% 
from the previous year. If this sardine fishing failure is related 
to abnormal oceanographic oondi tions precedinr; the season some elements 
of the abnonnality should appear in these data. For these realltlna 
they are recorded in sane detail herein. It is hoped that further 
oceanographic work may take place in the future 'When perhaps. fishing 
conditions may be more nonnal and that, comparison with these 1946 data 
may give some clues to the causes of suoh apparent soaroity of sardines. 



AW AND TIME 0F SURVEt 

From April tc June the PEARL HARBOR eoouted over the usual 
sardine fishing grounds of the San Francisco fleets south of Point 
Reyes. between the Farallcn Islands and the San Francisco lightship, 
and southward along the coast to Monterey Bay, largely within 20 or 
30 miles of shore. Three trips were mnde farther seaward: the first, 
on May 15 to 18, extended 150 miles west trom Santa' Cruz, with the 
return line toward the Farallon Island•J the second, on June 6 and 7, 
extended 80 miles southwesterly trOJ:l Point ~ontaraJ the third on 
June 13 and 14, 60 miles southwesterly from Bodega Bay, then inbound 
toward the Farallon Islands. See Charts(2 and 12) . Scouting waa 
done five days a week, sometimes at nightand sO'iiietimea in the daytime. 
The vessel was a.t sea a. total of 280 hours distributed over 33 days. 

FISH DETEcrrION BY SONAR 

The echo-ranging equipnent on the PEARL HARBOR was similar to 
the sonar used on ao~e of the smaller Navy vessels to locate sub­
marines. A projector under the vessel's bottan produced a beam or 
supersonic impulses or waves, much like a search-light beam. Thia 
beam could be directed horizontal~z through the water and it oould be 
revolved in a complete oirole. Any eoho that might be returned was 
received and transmitted to appropriate tnstruments. In principle, 
the sonar was like echo sounders in general use, except that the beam 
was directed horizontally instead of vertically. 

The Submarine Signal Company kindly furriiahed the following 
deaoription of the install'ation on the PEARL HARBOR: 

SUPER-SONIC ECHO-RANGING: Piezo Electric 

Projectors In a streamlined dome, seoured to the lower end of 
a shaft whioh we.s mounted through hull. The shaft oould be 
raised or lowered and rotated from inside the vessel. 

Receiver-Amplifiers Submarine Signal Company high gain receiver 
amplifier designed for use with Rochelle Salt projeotor and 
marine applications. 

Transmitter: Submarine Signal Company designed for the PEARL 
HARBOR teats. 

Indicators 'Revolvinl!; red light similar in principle to Submarine 
Signal Company oommeroial Fathometer indicators. supplemented 
by simult'1J\eous loud apeak:ar or ear phones. 
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AV!-ilable apace did not perm.it as efficient an installation as 
might he desired. The range indicator (distanoe of an object giving an 
eoho) was located in the galley, while the direotion indicator was out 
on deok. Communioation between the aonar operator in the galley and the 
bridge waa by telephone. 

A recording type eoho-aounder, "Fathomater" type '896A, was installed 
in the wheelhouse. Thia recorded the depth of the bottom, and of oourae, 
any echoing mate~ial between the vessel and the bottom. It supplemented 
the sonar by recording the depth of an object, auoh as a school of fish, 
when the vessel passed over it. · 

During most of the period of. uae the sonar beam.was kept stationary, 
generally at an angle of about 45° off one bow or the other. Sonar search­
ing was done during most or the time at sea that weather permitted, or 
approximately 175 hours out of the 280 that the vessel was at sea. During 
this time echoes were received from a few very l!ID.all sohools not large 
enough to pay to oatoh. A number of contacts were made with "targets" 
that may have been fish sohoola, but they were lost before they oould be 
detected with the •echo sounder. The range at whioh the various targets 
were first detected was similar to the range, nanely, 700 to 1200 yards 
at which Smith (1947, p.2 )1/ reported detecting sardine sobools with 
sonar gear on a Navy vesaei.-of PC type. 

rw,o small achools of fish were detected by sonar and also identified 
by other means. ,One was a school of sardines, seen in daylight, in 
Monterey Bay. The other, just north of Point Reyes was not identified, 
but "flippers" were heard indicating the presenoe of fish. In both oase1, 
oontaot was maintained for a while and then lost. On five oooaaions small 
"targets" or objects were located by sonar and then by ninning over the 
indicated spot .a slight trace was aeoured on the recording "Fathometer", 
i 'ldioe.ting a mall sohool of fish or other schooling organisms. One of 
these, located at night, was alao evident as a small luminous spot. Thia 
spot was identified by the skipper as "feed".--meaning small fish or other 
organiaJnS that would pass through the meahH ot a purse seine. On the 
same oooasion about ten or twelve additional spots of feed were located by 
sonar and also seen, but only one was dense enough (or deep enough) to 
shaw up on the "Fathometer" record. 

~ See Comme~oial Fisheries Review, vol. 9, no. 1, PP• 1-6, Jan. 1947, 
Washington, D. c. 



During the trip of April 16-19, when we were not on the 
PEARL HARBOR, a target was reoorded for whioh J. Phillips gave the 
following descriptioni 

"Early on the morning of April 18 the PEARL HARBOR cruised 
through the squid fishing grounds in shallow water off the Monterey 
oanneries, where the squ~d boats were making hauls. However, due to 
echoes from boats, buoys and unloading hoppers, eohoea from the 
schools of squid present could not. be properly defined. Therefore. 
the vessel cruised outside the area where fishing was being conducted 
to get away from interf'erence and was followed by one squid fishing 
boat, the "Husky". Echoes were obtained ab~ut one mile off Pacific 
nrove in 35 fathoms, indicating a school or fish or squid. In order 
to investigate, the "Husky" made a haul with its net and obtained a 
few squid. It was the impression of the skipper of the "Husky" that 
there was a school or squid where they set but that the school was 
too deep for their shallow net." 

In view or the lack of sizeable sardine schools in the area 
covered, the teats by the PF..ARL HARBOR did not settle the question 
of whether sonar would or 1'ould not prove useful in sardine fishing. 
The test did show, however, that sonar on a fishing boat can locate 
subsurface schools or fish. In general the teats corroborated some 
tests or sonar scouting for fish schools conducted ~y the Navy off 
San Francisco during the winter of 1944-45. (Smith 1947 ibid.) 
The following quotation from ·~his publication applies ·equally to 
both the Navy and the PF'.A.RL HARBOR triala: "The experiments demon­
strated, however, that sonar can looate schools or fish under oertain 
oonditiona, and sonar may become a valuable tool for commercial 
fisheries .or for fisheries research, or both.ft 

There was no indication that the sonar frightened or disturbed 
the small schools or fish, whales or porpoi~ea. 

BA. THYTHERMOGRAPH OBSERVATIONS 

The Service secured the loan of two bathythermographs, a winoh, 
and accessories, from the Hydrographio Office of the Navy, through the 
Scripps Institution of Oceanography, for the purpose of recording 
water temperatures. · 

The bathythermograph or "B'I."', as it is generally called, ia an 
instrument containing a pressure element and a temperature element, 
so arranged that a stylus will record the temperature in relation to 
depth on a smoked glass slide. The a lide is then viewed or photo­
graphed under a properly calibrated grid, with temperature reading• 
on the horizontal scale and depth on the vertical. 
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One "E'l"" instrument was for recording temperatures from the 
surface down to 180 feet (30 fathoms), the ot~er dqwn to 450 feet 
(75 fathoms). The "BT" may be sent down from a vessel under way 
by letting the wire to which it is attached pay out faster than 
the ship is moving. The ·instruments used were refinements of one 
described by A. F. Spilhaus. y 

After April 221 when the Bathythermograph winoh was installed, 
"B'l" and plankton samples were taken regularly whenever the vessel 
we.a under way end olear of shoals. The three "offshore" oruises 
yielded the most information about ooeanographio conditions along 
the coast, but even the scattered inshore "E'l" records showed 
significant temperature P!'ouliaritiea • 

.The "BT" obs erva tiona covered too limited an area to indi oa te 
the general pattern of offshore conditions. yet without some 
knowledge of this larger pattern it would be difficult to interpret 
the present observations. Al though the temperature and ourrent 
patterns off the California coast have not been studied in detai 1, 
their broad features are known. 

The principal current off the California coast flows toward 
the southeast. It is a wide, rather sluggish current known as 
the California CUrren t. According to Sverdrup, Johnson,, and 
Fleming (1942), ~it is a southward exte~sion of the Aleutian 
current of the North Paoifi o and is found between lat. 480 and 
23°N. The California current apparently is located several 
hundred miles off the coast of Central California, although, at 
times it is probably oloser to shore than this, at other times 
further seaward. In 1939, when a section off Monterey was 
surveyed jointly by the Scripps Institution of Ooeanography and 
the Fish and Wildlife Service, this ourrent was 180 to 240 miles 
offshore in June. Water temperatures in the current are a little 
higher than in the waters on its shoreward aide. 

];/ "A Bathythermograph," Sears Found. for Mar. Res., Bingham 
Oceanogr. Lab. Jour. Mar. Res •• vol. l, no. 2, PP• 95-100,, 1938. 

!/ "The Ooeans."Prentioe-Rall, Ino., New York. 
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Between the California Current and the coast there is a 
co\mter current flowing toward the nor th, known as the Davidson 
Current. This current can be detected at all seasons of the year 
at depths below 200 meters, but a~ a surface current it is present 
only during the fall and early winter months, partioularly during 
November, December., and January. During the spring and early 
summer months when nor~-northwest winds prevail off the coast of 
California., upwelling takes place, overturning the surface layers 
and destroying the counter curr6nt above a depth of about 200 
meters. The over-all current pattern in the region of upwelling 
seems to consist of a nUlllber of long-stretched swirls and not a 
current flowing consistently in one direction. However, a current 
mav develop which flows in the direction of the wind. Off the 
California coast this would result in an along-shore ourrent 
flowing in the same direction as the California Current and in the 
opposite direction to the counter current, now present at depths 
below 200 meters. 

Upwelling is a term applied to the vertical transport o~ 
water from a . ~pth to the surface. It is directly connected with 
wind action. When the northwesterly winds blow parallel to the 
coast, the light surface water is · transported away froJn the coast 
(almost at right angles to the wind direction). The fact that the 
water veers to the right., instead of moving parallel with the 
coast, is due to the effect of the earth•s rotation. The surface 
waters., moving offshore, are replaced by heavier subsurface water. 
1Jpwelling, apparently, takes place within the upper 100 to 300 
meters only. It brings to the ~urfaoe water of greater density, 
of lower temperature, and richer in plant nutrients than that 
replaced. Because upwelled water is rich in plant nutrients, such 
as phosphates, nitrates and silicates, it is of great importance 
in increasing the productivity of an area. 

In regtons of intens~ upwelling off the California coast, 
the average aurfaoe temperature of the water may be as low during 
June and July as during December and January. This is well 
illustrated by figure 1 showing surface temperature along the 
Pacific Coast (from lat •• 25° to 520N) in Deoember' and July.']:/ 

1/ Surface temperature observations taken by oommeroial 
vesseTs over a period or years have been compiled by the Scripps 
Institution of. Oceanography and used in preparing charts showing 
surface isotherms (smoothed) for eaoh month of the year orr the 
west coast or North America, north of lat. 25oN. The t~perature 
d~ta, used in preparing figure .!. were obtained from these charts. 
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The lowest surface temperatures along the whole ooaat during 
July ooour off Central California, juat north or San Francisco. We 
can assume that ordinarily this is the area or most intense up­
welling, although upwelling is a dominant feature along the whole 
California Coast north of San Pedro. 

"BT" observations, although primarily a record of temperatures, 
can be used to obtain a rough approximation of the current pattern 
in the area surveyed. The ourrent pattern is ordinarily computed 
from. the distribution 9f densities, obtained from obaervationa of 
both temperature and salinity. For an accurate determination of 
d~nsity, it is necessary to know both the temperature and salinity, 
However, because density in the upper layers or water is usually 
more dependent upon temperature than salinity, isotherms in a hori­
zontal plane may be used t9 obtain a rough approximation or the 
current pattern. The direction or the current i1 determined as 
follows a in the northern hemisphere the warmer water lies on the 
right hand side of an observer looking in the direction of the 
current, the colder water on the left. ]:/ The speed of the ourrent 
is greatest where density (temperature) changes are greatest and 
when isotherms are plotted in the horizontal plane we may assume 
that in the region where the isotherms are closely spaced there 
would be a marked ourrent. 

The ourrent patterns during the seaward oruisea of the 
PF'ARL RA.RBOR were determined from temperature isotbe rms at the 100-
foot level. We chose this level for the following reasonas (1) it 
was deep enough to get below ordinary surfa~e tluotuations in 
temperature oauaed by looal solar heating and the like, (2) more 
observations could be utiliEed than if a somewhat deeper level, say 
165 foot (50 meter), waa chosen, because many shallow "BT" oaats 
were as deep as 100 feet but not as deep as 165 feet, and (3) the 
current pattern we.a well defined at this level. 

During the first seaward oruise, May 15-18, there was a south­
easterly drift about 50 miles off the coast b~tween San Franoiaco 
and Ano Wuevo (shown in Fugure 3). Below this point the current 
probably turned eastward toward Monterey Ray. Thiri oould have been 
better demonstrated had there been stations to the south, but lacking 
these there is support for this interpretation in the vertioa.l 
temperature gradients. (See temperature profiles in.Figure 5). "BT" 
casts Nos. 15 to 25, taken along the inner half of the southern line, 
showed a number of complex temperature inversions (colder water over­
lying warmer water). Inasmuch, as such inversions are said to be 
typical of (though not limited to) current boundaries, they strongly 
suggest that the movement in this region was easterly in .direction. 

y Sverdrup, Johnson, and Fleming. The Ooeana. PP• 394, 1942. 
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This probably is an example or the earlier-mentioned southerly 
flowing current, inshore of the California Current and assooiated 
with. the upwelling prooeaa. · 

A rather oomplex pattern or water movements is indioated by 
the isotherms at the 100-foot level for the two later cruisee 
(combined in Figure 4). The major movement in the area seems to 
be in the :form or a large eddy, the northern portion or which 
was sampled. The northward 'movement in the eddy occurred near 
the outer end or the lines (lower and middle lines) while the 
flow in the reverse direotion (southeast) was nearer shore--just 
to the west or the Farallon Islands. There were also several 
secondary eddies (especially on the upper line off Bodega Bay). 
These are probably examples of the earl~er-mentioned elongated 
swirls oool1pying the area inshore of the calif ornia Current. 

These observations on the current pattern prevailing during 
the seaward cruises should be considered as rough approximations · 
only. 'Even so, it is evident that no cruise extended as far aea-
1'1'8.rd as the California Current. The current pattern in the area 
surveyed is probably quite variable during the period of upwelling. 
Certainly, the pattern changed bonaiderably between the first and 
second cruises. 

This is evident from examination or that portion of the second 
cruise whioh extended into the area oovered by the first. During 
the three week interval between the cruises the thermal pattern in 
this area changed considerably, and the temperature at 100 feet 
and above was several degrees higher during the later cruise 
(see temper_!l.ture profiles. in Figure.a .!! and :!.) • This was probably 
due to the change in the ourrent pattern in this area rather than 
to an aotua.l warming of the water beoause, in most areas near shore, 
there was a gradual oQoling of the water during the period ' of survey. 
This oe.n be illustrated from a comparison of 4 "BT" tracings ("BT 
casts no. 47, 52. 66. 86) obtained on different dates between 
May 23 to June 18 .from approximately the same locality ~bout 4 to 
6 miles south or Point Reyes. (Illustrated in figure 9J for clarity, 
two traoinr,;s only are compared in eaoh figure·). The temperature 
ohange between May 23 1!1.Ild June 6 was small. In the week .between 
June 6 and 13, however. there was a marked rise in temperature of 
the surface layer~ (down to about 40 feet), but the water below 
60 feet was colder, probably due to an influx or upwelled water. 
On .June 18 the water was nearly as cold in the deeper layer as on 
June 13, but the cold layer now extended nearly to the surface, 
representing a marked overall lowering or the temperature. Con­
currently 'With this temperature change the appearance of the water 
also ohanged. On June 13, with warm surface water, the water had 
a brownish tinge, what the fishermen oall "salmon water." On 
June 18, with surfaoe water s0 oolder, the water was a clear greenish 
blue. Undoubtedly, the water mass itself had changed during this 
period. 
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The gradual lowering ot the temperature of the wa 'b9r in thia 
looali ty is perhaps better shown by the average temper11.ture trom 0 -
150 feet. On the above dates it was aa follows: 

Date _A_v_er_a_g_e_t_em_p_e ... r .... a_t_ur_e_, _o_-_1_s_o_f_t_. 
ot 

May 23 
June 6 
June 13 
June 18 

49.3 
49.l 
48.9 
48.2 

This lowerini or the temperature of the water.during the string 
months is due to upwelling. 

There are several "BT" outs that may have been taken in regions 
where upwelling had recently taken place. We would expect a "BT" 
oast taken in a region of active upwelling to have a rather uniformly 
low temperature from the surface to a depth of 1everal hundred feet 
or more. "Fl'I" observations Hos. 3, 68, 69 and 79 have uniformly low 
temperatures with but little change between the aurfaoe and 150-180 
feet. These are probably examples of reoently upwelled water. 
However, to be certain one 110uld need to have salinity data as well 
as temperature. 

Values of temperature at standard depths as read from all of the 
"Bi" records of the Pearl Harbor cruises are ~iven in table 2. 

PLANKTON COLLECTIORS 

Plankton ia the basis or the sardine industry. Plankton not 
only forms the entire diet of the sardine during its entire life 
span but sardine eggs and young are passive, tree-floating oonstituenta 
of the plankton itself. 

The term plankton ia used to refer to small floating plants and 
animal• present rn all bodies of water, salt or fresh. The plants in 
the plankton constitute the basic food in the ocean; they consist 
-principally of m.iorosoopic plants, often single-celled, known aa 
diatOlllll • . In addition there are many kinds of animals in the plankton, 
--in faot, nearly all the principal groups or marine animals have 
representatives in the plankton. Many of the animal• in the plankton 
are microscopic in size, but some, such as jelly fish, are often 
quite large. Some animals live their entire lives in the planlcton1 
others are a part of it only while very young, as is the oaee with 
the sardine, the anch~vy and the oommeroial orabs and lobsters. The 
plankton community is a complex aggregation of many ld.nds or organisms 
whose numbers and relative importance are in a state of oontinual flux. 
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A small net, illustrated in fig. 11, was used to obtain 
samples of plankton. It was designed to colleot samples while the 
boat was r,oing at normal speed {9 knots). The net is of simple but 
unoonven tional design, consisting of three parts z a brass towing 
head, a short, oylindrical straining surface, and a plankton buoket. 
The brass towing head is shaped somewhat like an inverted funnel1 
it is 2-3/4 inohes in length, oylindrical in the rear half where 
the net is fastened and tapering from two inches in diameter, inside 
measurement, at the cylinder to one inoh at the mouth. The strain­
ing surface consists of a cylinder, 10 inohes long by 2 inches in 
diameter, made of no. 56:xxx bolting silk. A oanvas band at either 
end serves for attaohflent to the towing head and to the coupling on 
a plankton bucket. The latter is the more or leee standard type 
used for limnologioal oolleotion. ]} 

Most samples were obtained by towing the plankton net at 
9 knots for a period of 20 minutes. Not only did the net tow well 
at this speed, but the plankton organisms taken in the net were 
caught in fair numbers and remained in excellent oondi tion. 

No instrument was available for measuring the exact amount ot 
water enter~ng the net but a maximUJ'll estimate may be derived by 
assuming that the net strained a cylinder of water oneinoh {2.5 ams.) 
in diameter (the diameter at the mouth opening of t·be net) and 3 
miles in length (the len~th or the haul). under these oiroumstanoea 
approximately 2.75 cubio meters (725 gals.) of water 110uld enter the 
net during a 20 minute haul. Actually, the volume would probably 
be somewhat lower due to the obstruction ot flow by clogging of the 
net or other causes. 

It was estimated that the net .fished mostly from the surface 
to a depth of 34 feet (10 meters) y and that the net went deeper 
than this only during the time the cable was being f~ee ly payed out 
at the beginning of each haul. 

]:/ This buoket is aold by several supply houses for the Birge 
plankton net. We modified it to the extent of substituting a ruboer 
stopper with a wire attached in place of the braaa rod stopper. 

2/ The average .depth of the net during most hauls, based on 
the angle of stray of the towin~ wire, was computed to be about 17 
feet (app. 5 metera). However, 'this eatimatQ assumes that the tow­
ing wire was straight for its complete length. Actually, it probably 
curves downward at the end to which the net ~nd weight were attached. 
Even were the . depth twice as great as that computed, however, the net 
would sti l l have towed at ?nly about 34 feet (10 meters) depth. The 
length of the towing wire was usually 300 feet. At first a sash 
weight was used to weight down the net while towing, but later on 
inoperative nBT", wei~hin~ 20 pounds, was substituted because it had 
much better towing qualities than the sash weight. 
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The samples of plankton obtained by nets. even when oonstructsd or 
very fine meshed material. are size selective. allowing a portion 
of the smaller plants and animals to escape. 1/ The small net used 
during the Pearl Barbor cruise was constructed of no. 56xxx bolting 
silk. The opening between threads is approximately O,Smn. for un-
used bolting siik or this mesh size and only about 0.2 mm for used 
nets. y Benoe. any organism that would be lost through the meshes 
of this net would have to be less than 0.2 mm in two of its 
dimensions • 

The volume of plankton retained by the small net was, oonae­
quently, smaller than. the amount present in the waters sampled. 
Whether suoh a loss is important or not depends upon the use to 
whioh the oolleotions are to be put. If a person lftlre interested 
primarily in fish eggs and larvae in the plankton, for example, 
the sampling would be quite adequate, for the mesh-size is small 
enough to retain all the eggs and larvae that enter the net. How­
ever, if a person were interested primarily in the productivity 
of an area, the sampling would be inadequate. In any comprehensive 
survey undertaken in the future, techniques should be developed far 
fully sampling the smaller constituents of the plankton. 

Volume of Plankton 

An estimate of the volume of plankton taken by the net during 
a haul was obtaine'd by straining the plankton from its preserving 
Ucµor, and then measuring the volume of the wet pla.nlcton in a 
'graduated glass centrifuge tube after plankton had been allowed to 
drain for several minutes in the fine silk° oone used in the sepa­
ration. Large jelly masses and ctenophores were removed, their 
volume detennined. and subtracted from the total voluaa. The 
volumes of plankton are given in table 4 and do not include jelly 
masses and otenophores. Y · 

]/ Sverdrup, Johnson a: Fleming "The Oceans." PP• 377. 

2/ The aperture size between threads beoomes reduced in a net 
that li"as been used for a time in water due to a combination of 
shrinkage of the material and spreading apart of the fibers in the 
threads. 

y ,Jelly masses were usually fragments of coelenterates or 
tunioates. The volume of otenophores was not measured for moat 
samples until several months after oolleotion. At that ti:me many of 
the otenophores were disintegrating. For this reason the volume 
oooupied b?f this group is excluded from the tabulations, but the 
number present in each haul is listed. 
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The volume of plankton taken by the net during a haul varied 
from .1 oo to 10.0 oo (jellies and ctenophorea excluded). As 
previously pointed out, t;ie probable maximum amount of water that 
the net could have strained during a 20-minute haul was 2.75 oubio 
meters, hence, the minimal volume of plankton taken per oubio meter 
of water strained (based on t~ poorest haul) was at least .04 oo, 
the largest volume of plankton per oubio meter of water strained 
(based on the richest haul) was at least 3.65 co. and .the average 
volume was at least 0.46 co. 

A comparison of these results with TOlwnetrio measurements of 
zooplankton from other areas may be enlightening. Very ftr11 data 
are available from localities in the Paoif'io Ocean. Material 
oolleoted in 1941 during pilchard spawning surveys off southern 
California in May and June yielded a.:-proximately .2~ oc. of plankton 
per cubio meter of water strained through a somewhat coarser meshed 
net than that used during the "Pearl Harbor" cruises. y 

More data are available on volumetric measurements of zoo­
plankton from the north Atlantic. !/ The samples were taken by 
various investigators on both sides or the .Atlanti·o using various 
types or nets hauled i n•rious ways, so that they are only roughly 
comparable. The average volume or plankton at the best season was 
usually between 0.20-0.35 oo per oubio meter in most areas, although, 
it was as high as 0.75 co between Cape Co? and Chesapeake Bay. 

The plankton in the ·area surveyed by the PEARL HARBOR, conse­
quently, would seem to be at least as rich as most--perhapa even 
somewhat richer than in other areas volumetrically surveyed. 
Certainly the collection or 3.65 oo or animal plankton per cubio 
meter in one haul ia an example or exceedingly ri oh plankton, 
exceeded by very few hauls on record. 

];/ The nets used during the 1941 survey were oon~tructed on no. 
40xxx grit gauze with an average distance between threads of about 
0.3 mm:., while the nets used on the "Pearl Harbor" cruises were con­
structed of no. 56xxx grit gauze with an average distance between 
threads or about 0.2mm. There was also a difference int he method 
of obtaining the samples r during the 1941 sun.ey the hauls were 
taken obliquely from about 75 meters deep to the surface, while 
during the "Pearl Harbor" cruises the net was towed horizontally. 

y Summarized in Bigelow and Sears, 1939. Studies or the 
water of the continental shelf, Cape Cod to Chesapeake Bay. III. 
A volum.e trio a tudy of the zooplankton • . Mem. Mus. -Comp. zool., 
Harvard u., vol. 54, no. 4, PP• 183-378, esp. PP• 221-228. 
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Plankton Organiama 

The plankton samples were examined under a low power binocular 
microscope to determine the kinds of organisms present and their 
approximate volune. Fish eggs and larvae were separated from the 
plankton, but only pilchard and anchovy eggs and larvae were 
separately tabulated. The main groups of organisms making up the 
plankton in addition to fish eggs and larvae were oopepods, 
euphausids, amphipods, deoapod crustaoea larvae (mostly crab), 
appendioularians, salps, ohaetognaths and aiphonophores •. ]j 
Several other categories were either present in small numbers in 
many samples or were 0<1Dmon in one or two s1111plee--these included 
oladooerans, ostraoods, annelids, and pteropods. However, as 
these latter categories were usually present in quantities too 
small to estimate, .they are included in the table under the heading 
of miscellaneous. 

Larger organisms such as aalps, aiphonophorea, decapod-cruataoea 
larvae, amphipods, ohaetognaths, and the larger euphausida could 
usually be rather readily separated from the othtrr oonsti tuents ot 
the plankton and the volume occupied by each category could be 
directly determined by measurement. However, with small organi8111.1 
auoh as oopepods, appendi~ularians and at times euphauaida it 
would have been too time-consuming to completely separate out eaah 
group; hence, the volume or plankton remaining aftetl the categoriea 
mentioned above had been removed was measured, and an estimate of 
the relative proportion by volume of eaoh of the aeveral main 
groups of organisms composing this residue was made by inspection. 
These estimated proportionalities were applied to the measured 
volume of the residue to compute the volume of eaoh category. 

Copepods were the moat important element in the plankton. 
in a total of 54 samples they had the largest volume in 32 ••plea 
and the aeoond largest volume in 15 others. Thia importance of 
oopepods and the relative importance of other groups are ahown in 
table 5. Because some groups are taken in larger vol\llle during 
night time, night haul• and daylight haul• are separately tabulated. 
This difference between day and night hauls is more clearly evident 
in tables 6 and 7 which give the volume of the principal groups or 
animal;& in the plankton· hauls in relation to both time of oolleotion 
or he.ula and to distance from ahore. 

]j Illuatrations of some or these types of animals may be 
found on PP• 012 ~· .!!,g• of Sverdrup, Johnson and Fleming, 1942). 
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With regard to the distributi'on of particular groups of organisll18, 
oopepods seem to ooour in about equal abundance in night and day hauls, 
al though they ar" about twice as abundant w1 thin 20 miles of shore as 
beyond. Euphausids, on the other hand, although having a similar 
relation as regards distanoe from shore, are muoh more abundant in 
samples taken at night than in the daytime. · Deoa.pod oruste.cea larvae 
were taken in quantity only near shore and amphipods at a distance 
from shore. Salpa were taken in greater quantity at ni~t and at 
s~e distanoe f.rom shore. Appendioularians, whichwere present in 
all but two samples, seem to occur in about equal abundance in all 
parts or tne area sampled at whatever time of the day taken. 

Reserve should be uaed in drawing conclusions from tables 6 and 
7, however, as they probably carry the refinement of the d&ta further 
than the baaio data warrant. The sampling, in 'll word, was not random, 
w1 th respect to date, time of day, and distance from ahore, but the 
data are used in the table as if they were. Nonetheless, they demon­
strate beyond doubt these generaliti·es a (1) that night hauls were 
l"ioher than those taken during daytime and (2) that hauls taken with­
in 20 miles of shore lf8re richer than those taken farther to seaward. 

'l'he greater riohneas of the night hauls is due, in large part, 
to the vertical movement of animals toward the surface during darkn.el!ll. 
Many plankton animals move downward during daylight hours (not un­
commonly to depths aa great as 500 to 1000 feet), and move toward the 
aurl'aoe at night time. The upward migration at night may be for feeding, 
since food is more abundant in the upper layers. Not all organisms 
migrate . .. Most marine plants, for example, have no means of locomotion, 
and beoause they require sunlight to oarry on photosynthesis, are oon-. 
fined to the upper layers. Many small plankton animals have very 
little power of looamotion; consequently, they engage in little or no 
vertioa.l movement. In faot, it ill mainly the larger organisms with 
fa.ir~y well developed means of looomotion that migrate for any distance 
v~rtioally. Using the PEARL HARBOR oollectiona a.a an illustration. 
the eupl"Auaida ta.ken in day hauls were small, immature individuals 
only,. while euphauaids of all lizea up to large mature individuals 
were present in night hauls. 

The hauls taken within 20 miles of shore were richer than those 
taken farther to sea.ward, probably because the area near shore was 
influenoed to a greater extent by upwelling. Water temperatures 
were lower near shore end inoreaaed to 1ea.ward, and this lends support 
to the thesis that upwelling (or at lea.at recently upwelled water) 
was more important in this &one than elsewhere. As mentioned previously, 
upwelling plays an important role in increasing the productivity of an 
area by bringing to the surface plant nutrients that have accumulated 
at a depth. 
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Most of the .plankton samples were obtained during the three 
seaward oruises. An interesting fe~ture of the plankton distri­
bution on the first or these was the presenoe of a rioh band ot 
plankton sampled on the outward leg at approximately 380 6l•N and 
123°02-06'1' {sample #11) and on the inward leg at approximately 
27° 20•N, 123° 45-42•W {sample f26). The volume of plankton was 3 
or 4 times as great in these hauls aa in samples taken on either aide. 
Copepods made up the major portion ot the volume (approximately 85%} • 
These rioh areas were near to, but on the shoreward aide of ourrent 
boundaries. 

An increasingly large number of otenophorea we.a oolleoted during 
the later cruises. Ctenophorea were taken in only one semple during 
the · firat cruise (average, 1 individual per haul during the cruise), 
in 7 out of 10 amnplea on the second oruiae, made three weeks later 
{average, 2.6 individuals per haul), and in 12 out of 14 samples on 
the third cruise, made a week later than the second (average 6.0 
individuals per haul). 

Very few data are ava.ilable on tempora.l change in the «1JaDtity 
and type of plankton in a locality. During the cruises identical 
stations were not revisited, but in • fflW instances eam.plH were taken at 
a later date within a few miles of an earlier haul. The data. for 
three auoh pairs of obsert'&tions are given in table a. 

In each instance the oompariaon is baaed on two hauls, both ot 
whioh were oolleoted either during daylight or during nighttime. 
At eaoh looa.lity the later haul was taken a~ a lower temperature and 
oontained a smaller volume of plankton than the earlier sample. In 
one. ocalpariaon (samples wo. 31 and 53) the composition ot the plankton 
differed markedly a the earlier haul consisted maillly of oopepods, 
the later of 1iphonophore4 and otenophores. Buoh marked differenoes 
in the oompoai tion or the plankton must have '!'een due to a change in 
the water mass itself at thil looality, rather than to ·ohangea within 
the same water mass. These three comparisons, however, are too f~ 
to throw muoh light on this problem. 

The relation of the eardine to the plankton has yet to be 
studied. All types of plankton may not be equally desirable as 
"fodder." Same plankton organilma, auoh as otenophores, .probably 
ha.ire little more food value than so muoh water; others, such as 
oopepods and euphausida, prob'ably have very high food value. We do 
not know how aeleotively the sardine feeds. It may avoid certain 
types of plankton, such as those oontaining large quantities ot diatom.a, 
which might interfere with its respiration, or those oontaining large 
amounts of jelly-like organiams. At least there ia evidence that 
European herring do this. 
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We also need more information on the effects of ooeanographio 
conditions on the production .of plankton. The amount of upwelling, 
for example, is undoubtedly an important taotor in plankton pro­
duction. It is probably more extensive during some years than others, 
but as yet praotioally nothing is known about the extent or the 
annual variation. The influenoe of currents, both the "California 
Current," the "Davidson" oounter ourrent, and their variations, on 
plankton produQtion in this area needs also to be investigated. 

Beoause data for other season& are laoking, it is, not possible 
to determine whether plankton production during the spring or 1946 
was poorer or better than average for thts area. Similarly, we do 
not know whether ooeanographic conditions were normal or abnormal. 
Further oceanographic observations covering a period of years are 
needed to determine average conditions off Central California. 
Only then oould an abnormal oondi tion of plankton abundance or 
ooean oiroulation be identified as suoh, and their relation to 
sardine soaroitiea become lcnown. 

Fian Eggs and Larvae Taken in Plankton Hauls 

A suggestive relationahip was noted between water temperature 
and the ooourrenoe of pilchard eggs. Pilohard eggs were taken in 
three samples, and in eaoh case the water temperature was 570F 
(1400) or higher in the upper 26 foot zone. y Only 6 plankton 
haule were made in water with a temperature as high as 67°F, and 
the taking of pilohard eggs in three of these and in none of the 
49 other hauls strongly suggeata that pilchard spawning we.a taking 
plaoe in somewhat warmer water than that encountered during moat 
of the survey. Thia aooords oloaely with observations made during 
spawning surveya off southern. California., where most spawning was 
found to ooour in water of 13.5° to 16.Q° C (56.~ to ao.eoF). 
The three samples oontaining pilchard eggs were taken about 60 to 
75 miles offshore during the aeoond and third aeaward oruilH 
(June 7 and June 14), at or near the seaward end or the linea.Henoe, 
it is likely that we aampled only the inner edge of the spawning 
region. !:/ 

]J Although temperature observations were not taken at the 
time plankton hauls were made, "Br' oasta were uaually alternated 
with plankton haula and an interpolated value for water temperatures 
in the upper 25 toot zone during a plankton haul oould be obtained 
by averaging the "BT" observation taken just before with that taken 
soon after a plankton haul. 

!:/ During a pilohard spawning survey in 1939, a line of 
stations was taken off Monterey. Sardine eggs were found in greatest 
abunda.noe at about 150 mile• otfshore at a tealperature of 14.4oc 
(67.90F). 
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The concentration or pilchard eggs at the seaward end of the 
line on June 7 amounted to approximately 135 million egg• per 
square mile of sea surface. which is ocmparable to oonoentratiou 
or pilchard eggs taken on the inner edge of the spawning zone off 
southern California in 1940 and 1941. 

Pilchard larvae also were round in three umplea from the 
same cruises, but shoreward from the localities where egg• were 
obtainedi the temperature may have been u low as 54.S°F. at one 
locality, but was over 66.5°F. at the other two. 

The temperature or the water from which anchovy eggs were 
obtained ranged from 52° to 58°F. (11.1° C~ - 14.400). Ancho"'Y" 
eggs were widely distributed. occurring in 16 samples oolleoted 
both near shore and to see.ward. They were taken throughout the 
entire period of sampling. In six aemplea the record conaiated of 
but a single egg, but in 7 samples the numbers at eggs taken were 
between 22 and 66. This is indicative or rather intenlive apawning 
in this region. ]:/ Anchovy larvae were taken in 4 1ample1, the 
largest number in a sample being 20. 

Other fish eggs were ta.ken in the majority of all sample• 
collected (35), over a wide temperature range. -However. the total 
number or other fish eggs in all samples wa~ leas than the n1111ber 
of anchovy eggs. Other fish larvae were obtained in 19 samples 
with three individuals being the l&rgeat number taken in any sample. 
A record of fish eggs and larvae taken in plankton hauls ia given 
in table 9. 

1/ The mere listing or numbers taken by the net may give a 
mistalten impression of the actual abundance. The net strained, at 
moat, only 2-3/4 cubic meters of water while tald.ng a haul. Because 
or this faot. it.may be well to gl ve an example of abundance in other 
terms. In a 20-mile wide coastal strip so 'uth of Sen Franciaoo. 
centering orr Point San Pedro - Point )(ontara, anchovy eggs were 
taken in 6 out of 10 samples (between June 6 to 21). The average 
number of eggs per sample was 14.5. Integrating this number over the 
area involved. approximately 400 square miles, and aseuining eggs to 
be equally abundant throughout the upper 10 meters of water, ~he 
number becomes 726 billion eggs. A'B the eggs probably take 3 to 4 
days to develop to hatching at the temperaturea prevailing in this 
area at the time, the daily number spawned would be about 18 billion 
eggs. 
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TABLE 1 .-Record or B. T. casts made during 
the "Pearl Harbor" cruisl[ts 

Time or Position 
BT Cast No. Date Collection Lat.- N Lon§1 - \'l 

1 IV - 25 ll24 36° 47• 122 05• 
2 IV - 25 1145 36° 51• 122° 05' 
3 V-1 2208 31° 36' 122° 54' 
4 V-7 1034 37° ~' 122° 54• 
5 V-7 1121 37° 45' 122° 44' 
6 v - 15 1328 37° 36" 122° 52' 
7 v - 15 , 1.445 37o 31' 123° oo• 
9 v - 15 1930 37° 21• 123° 23' 

10 v - 15 2135 37° 11' 12.3° 05' 
11 v - 15 2235 37° 111 122° 52' 
12 v - 15 2345 .37° 10' 122° 41' 
13 v ~ 16 1125 36° 501 121° 52'· 
14 v -17 06<17 36° 56' 122° 1.3' 
15 v - 17 mm 36° 551 122° 24' 
16 v - 17 osm 36° 54' 122° 35' 
17 v - 17 O'J\fl 36° 53' 122° 46• 
18 v - 17 1007 36° 52• 1220 58' 
19 v - 17 nm 36° 51' 12.3° 09• 
20 v - 17 12m 36° 50• 12.3° 20' 
21 v - 17 13.30 36° 49' 12.3~ '36' 
22 v - 17 1430 .36° 47' 12.3° 47• 

. 23 v - 17 15.30 .36° 461 12.3° 58 1 

24 v -17 16.30 36° 45' 124° 10' 
25 v - 17 17.30 36° 44' 124° 211 

26 v - 17 1830 36° 4.31 124° .32' 
Z7 v - 17 1930 .36° 42' 124° 44' 
28 v - 1'7 2030 36° 41' 124° 55' 
29 ·V - 17 2130 36° 401 125° m• 
30 v - 17 2230 36° 39' 125° 18• 
.31 v - 17 23.30 36° 38' 125° 29' 
.32 v - 18 0530 ' 'YfO 001 124° .35 1 

33 v - 18 o6oo 3?° 02' 124° .30' 
.34 v - 18 0800 37° 101 124° 101 

.35 v - 18 090'0 37° 14' 124° 00' 

.36 v - 18 1000 .37° 181 123° 501 

.37 v - 18 1100 .37° 22' 123° 40' 
38 v - 18 1200 .37° 261 12.3° 30' 
.39 v - 18 1.300 31° 301 1230 20' 
40 v - 18 l500 .37° 38' 1230 01' 
41 v - 18 1545 .37° 40' 122° 541 

42 v - 18 1600 37° 41' 122° 51 1 

43 v - 18 1645 37° 43' 122° 4.3' 
44 v - 2.3 1.310 .37° 41• 123° 05' 
45 v - 23 1345 37° 40' 123° 08' 
46 v - 23 1620 37° 49' 12.3° 05 1 

1S 
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TABLE 1 (Cont'd} Record of B.T. casts made 
during the "Pearl Harbor" cruises 

Time o.t: t>o...si tion -• BT Cast No. Date CoJ.l!Ction Lat.- N Loruz1- w 
47 v - 23 1700 , 37° 54' 1230 01r 
48 v - 24 0830 37° 57' 122° 52' 
49 v - 24 1200 37° 40' 122° 57' 
50 v - 24 1352 37° 36' 122° 48• 
51 v - 24 1440 37° 35' 122° 37' 
52 VI - 6 0130 37° 55' 122° 57 1 

53 VI - 6 0255 37° 39' 122° 561 

54 VI - 6 0350 37° 33 1 122° 49 1 

55 VI - 6 0434 37° 311 122° 42' 
56 VI - 6 1855 37° 27 1 122° 34' 
57 VI - 6 1955 37° 23 1 122° 44' 
58 VI - 6 2130 37° 19' 122° 53' 
59 VI - 6 2235 37° 15' 123° 041• 

6o VI - 6 2335 37° 111 123° 14' 
61 VI - 7 0050 37° 06' 123° 261 

62 VI - 7 0150 37° 01 1 123° 36' 
63 VI - 7 0300 36° 56' 123° '48' 
64 VI - 7 1030 37° 301 1230 OS• 
65 VI -13 1715 37° 52' 122° 44' 
66 VI - 13 1830 37° 57 1 122° 561 

67 VI - 13 1915 380 oo• 123° 04' 
68 VI - 13 2020 3SC 081 123° 08• 
69 VI - 13 2ll0 38° 14' 123° ll1 

70 VI - 13 2245 38°.10• 123° 201 

71 VI • 13 2345 38° 06• 123° 301 

72 VI - 14 0045 38° 02• 123° 40' 
73 VI - 14 0200 37° 57' 123° 53 1 

74 VI - 14 0245 37° 54' 124° 011 

75 VI - 14 0420 37° 50 1 123° 461 

76 VI - 14 0520 37° 48 1 123° 35' 
71 VI - 14 0630 37° 45 1 1230 22• 
78 VI - 14 C1730 37° 43' 123° 12' 
79 VI - 14 0820 37° 41' 123° 03' 
80 VI - 14 1325 37° 41' 122° 59' 
81 VI - 14 1425 37° 38• 122° 48' 
82 VI - 14 1510 37° 37' 122° 391 

83 VI - 14 1625 37° 38' 122° 32' 
84 VI - 18 1715 37° 52 1 12Z0 441 

85 VI - 18 1805 37° 55' 122° 51' 
• 86 VI - 18 2055 3'1° 55 1 122° 58• 

87 VI - 18 2240 37° 44' 122° 52 1 

88 VI - 20 2010 37° 41' 122° 42 1 

S9 VI - 20 2ll0 37° 321 122° 46' 
90 VI - 21 0530 37° 221 122° 46' 
91 VI - 21 0810 37° 31' 122° 32' 
92 VI - 21 0930 376 42' 1220 39' 
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TABLE 2. Temperature values, in °F, at standard depths 
fro• B.T. tracings obtained_ during the •Pearl Harbor" cruises 

Depth, in feet, or observation 
B.T. Cast No. 0 ~ ~ ~ 100 1~ 200 JOO 400 ' Oji <SF or or or 

1 53.5 51 • .3 50.0 49.1 48.8 -
2 5.3.9 52.6 49.6 48.9 48.? 47.9 
.3 50.2 49.2 49.4 49.9 49.9 49.6 
4 5.3~1 51.7 48.9 48.8 48.4 47.9 
5 53.8 52.4 49.8 48.3 48.2 
6 ~2.5 51.4 50.6 50.1 48.l 47.8 
7 51.3 50.5 49.5 48.8 48.8 48.4 47.9 47.3 47.1 
9 51.6 51.6 51.3 51.2 51.2 51.1 50.0 48.7 47.7 

10 53.2 5.3.1 53.0 51.9 50.) 49.2 49.6 49.0 
11 52.2 52.1 51.2 50.2 49.9 48.9 48.5 48.1 
12 52.2 51.7 51.3 51.0 49.6 48.5 
13 55.2 54.7· 51.2 50.l 49.9 49.2 
l4 52.3 52.3 51.2 51.1 50.s 49.4 -:L5 53.7 53.1 51.2 50.2 50.9 50.3 49.3 48.7 
16 54.1 53.9 53.6 52.5 50.l 48.9 48.4 47.7 
17 54.4 53.3 53.1 53.1. 51.8 49.9 48.7 47.9 
lB 54.1 53.6 53.4 51.5 50.1 48.9 49.0 48.l 
19 54.1 54.0 53.2 53.1 53.2 49.2 49.5 48.5 
20 53.4 52.7 ' 52.5 53.2 52.4 50.0 48.4 48.2 
21 55.1 55.1 55.0 54.7 52.6 51.1 49.6 48.3 .... 
22 54.7 54.5 54.2 54.2 53.9 52.1 49.2 '8.0 
23 54.5 54.5 54.1 5.3.1 52.9 52.6 51.1 48.9 
24 54.7 54.6 54.4 53.7 53.4 53.0 50.9 48.8 
25 53.9 53.8 53.5 53 .3 53.3 S.3.1 53.0 49.0 
26 54.2 54.2 54.1 54.0 53.8 53.0 51.4 49.2 
'Z1 54.2 54.2 54.2 54.1 54.0 53.9 53.1 50.5 
28 54.5 54.4 54.2 54.1 54.0 53.9 53.7 52.0 
29 54.1 54.1 54.1 54.0 53.8 53.9 53.8 50.9 
30 54.5 54.5 54.5 54.4 54.3 54.1 53.9 51.4 
31 54.7 54.6 54.5 54.4 54.4 54.2 54.1 51.8 
32 54.0 54.0 54.0 54.0 53.9 53.0 52.6 52.5 
33 54.0 54.0 54.0 54.0 53.9 53.7 52.9 52.1 
.34 54.1 54.1 54.1 54.0 53.8 53.2 51.s 49.5 
35 52.1 52.1 52.1 52.1 52.1 51.2 49.1 47.9 
36 51.8 51.6 50.2 50.1 49.8 49.2 49.3 48.4 47.6 
37 53.0 52.7 51.4 50.0 49.7 49.7 49.5 48.l 47.8 
38 53.1 53.0 51.3 50.6 49.9 49.6 49.3 48.0 47.7 
39 52.1 51.6 50.8 50.2 49.9 49.1 48.1 47.8 47.3 
40 52.8 51.0 50.1 49.1 48.8 48.6 • 
41 52.1 50.4 49.0 48.8 48.3 
42 52.4 50.3 49.4 48.3 48.1 
4.3 52.9 50.4 48.3 48.0 47.7 
44 53.s 51.7 51.4 49.9 49.5 48.l 
45 54.0 52.7 50.4 48.9 48.7 48.l 47.9 47.5 47.4 
46 54.0 51.0 50.1 49.9 49.3 48.1 
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TABLE 2. (Cont'd) Temperature values, in °F, at standard depths 
from B.T. tracings obtained during the "Pearl Harbor• cruises 

Depth, in feet, C?r observation 
B.T. Cast No. 0 ~ ~o I~ 100. lij 200 300 ltQQ 

6F °F Op' op- op- °F OF 
47 53.0 50.0 49.4 49.1 48.8 47.7 
48 52.9 . 51.2 50.3 49.2 
49 52.4 52.2 52.l 51.4 50.3 
50 54.5 .53.2 52.0 49.9 48.4 47.8 
51 55.3 53.3 49.5 49.1 48.8 
52 52.3 49.8 49.2 48.3 48.2 48.l 
53 . 54.2 51.5 50.4 48.7 48.1 47.7 
54 53.6 53.2 52.l 51.0 49.1 47.9 
55 54.1 54.2 50.7 48.9 48.3 47.9 
56 56.2 51.2 49.6 47.9 47.4 47.1 
57 56.0 52.4 50.5 49.7 49.2 48.7 
58 56.9 56.3 55.4 54.7 52.8 50.9 49.7 47.7 46.9 
59 57.0 55.1 54.1 53.8 53.2 so.a 50.7 ·48.6 47.2 
60 56.5 55.3 55.2 53.9 52.7 51.9 50.3 47.5 46.9 
61 57.8 57.8 55.0 53.3 52.7 50.0 49.2 48.2 46.8 
62 57.5 56.9 56.6 55.0 53.6 49.2 48.l 48.6 47.6 
63 57.5 56.0 53.2 52.5 51.l 51.8 48.4 48.3 47.8 
64 56.1 55.8 54.2 53.2 53.4 51.7 48.9 47.9 
65 55.0 48.3 47.9 47.2 (47.l) -
66 56.0 51.6 49.0 47.7 47.2 46.8 
(fl 51.8 49.8 48.8 48.1 48.0 
68 49.4 48.7 48.4 48.2 48.1 47.3 
~ ·50.1 48.5 48.4 48.3 48.3 47.6 
70 52.0 51.9 51.5 49.7 48.7 47.9 47.5 47.0 
71 54.5 52.1 51.8 51.3 51.2 49.8 49.3 48.7 -
72 56 • .3 54.3 53.9 51-5 50.7 49.8 49.4 49.3 -
7.3 56.8 54.5 53.4 53.0 52.9 52.5 50.l 48.9 
74 54.4 53.6 53.0 52.6 52.l 52.0 50.8 48.5· 
75 58.2 57.5 56.o 54.0 51.4 50.7 49.1 47.7 47.4 
76 57.8 56.6 56.5 56.4 55.0 50.2 49.2 47.7 
77 56.4 56.4 55.3 54.0 52.9 49.0 49.3 48.9 . 
78 52.1 51.0 51.0 50.7 50.6 50.5 50.0 49.2 
79 50.0 49.4 49.4 49.2 49.1 47.7 
80 51.3 50.0 49.3 49.0 48.5 
81 54.1 49.8 50.5 48.3 49.0 
82 56.6 51.2 48.3 47.7 
83 55.1 49.4 48.4 48.4 -
84 53.2 51.2 48.1 
85 50.l 48.5 48.3 47.9 46.9 
86 50.1 48.5 48.3 48.0 47.5 
87 51.0 50.9 49.4 48.5 47.9 47.0 
88 53.0 52.8 50.1 49.0 47.9 
89 52.l 49.6 49.4 49.3 49.1 47.9 
90 52.0 51.2 50.9 50.3 49.9 48.6 48.1 47.2 
91 53.3 50.8 47.9 47.8 
92 53.2 50.1 48.7 
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TABLE 3. Record of plankton hauls made 
during the Pearl Harbor cruises 

Plankton Time Position - ~tart · 
haul no. Month Da Start End N tat. w. • N. Lat w. Lon • 

7 May 1 1420 1440 3 ° 53' 1210 59' 3 54' 121 59' 
8 " 17 0710 C1130 36° 55' 122° 2S' 36° 55' 122° 28• 
9 • 17 0830 0850 36° 53' 1220 39' 36° 53' 1220 43' 

10 " 17 0930 0950 36° 521 1220 50' 36° 52' 1220 541 

11 • 17 1030 1050 36° 511 123° 02• 36° 511 123° 06• 
12 " 17 1130 1150 36° 50' 123° 1.3' 36° 501 123° 17' 
13 • 17 .1230 1250 36° 491 123° 24' 36° 49' 123° 281 

14 " 17 1400 1420 36° 48' 123° 41' 36° 48•' 123° 451 

15 " 17 1500 1520 36° 46' 123° 52' 36° 461 123° 561 

16 a 17 1600 1620 36° 45' 1240 04' 36° 45' 1240 08• 
17 n 17 1700 1725 36° 44' 124° 151 36° 44' 1240 20' 
18 n 17 1800 1825 36° 43' 1240 261 3f>o 43' 1240 311 

19 n 17 2000 2025 36° .41' 1240 49' 360 41' 1240 54' 
20 ti 17 2100 2120 360 401 125° .01' 36° 40' 125° 05' 
21 " 17 2300 2320 360 381 125° 23 1 36° 381 125° Z'l' 
22 " 18 0630 0650' 37° 04' 124° 251 YI° 05' 124° 22• 
.23 n 18 0815 0835 37° 111 124° 7i' 37° 12' 124° 04• 
24 " 18 0930 0950 37° 16• 123° 55' 710 171 123° 52' 
·25 n 18 1030 1050 37" 20' 123° 45' 710 21' 1230 42' 
26 " l8 1130 1150 31° 24' 123° 351 710 25' 1230 32' 
'rt " l8 1230 1250 37o 28• 123° 25' 37" 29' 1230 221 

28 II lB 1400 1420 370 34' 123° 10' 370 35' 123° en• 
29 " 23 1630 1650 37° 50' 123° 04• 37° 52' 1230 02• 
30 " 24 0845 0905 YI° 571 122° 55' Ylo 54' 1220 55' 
31 " 24 1315 1335 71° 35' 1~0 52' 37° 33' 122° 501 

32 ?"una 6 0145 0205 37° 52' 122~ 57' 37° 49' 1220 57' 
33 " 6 0400 0420 37° 321 1220 47' 370 31' 122° 44' 
34 • 6 1906 1926 YfO Zf 1 122° 35' 370 26• 1220 38 1 

35 • 6 2050 2110 370 231 1220 47' 370 21' 1220 50' 
36 n 6 2155 2215 37o 181 1220 571 37" 161 123° 01' 
37 • 6 2300 2320 37° 13' 1230 en• Ylo 12' 1230 11' 
38 ti 7 0001 0021 31° 9f• 123° 181 37° ~· 1230 21' 
39 " 7 0105 0130 37° 02• 123° 29' 37° 011 123° 311 

40 ti 7 0215 0235 36° 571 123° 40' 36° 561 123° 42' 
41 " 7 0415 0435 36° 511 123° 581 36° 54' 123° 55' 
42 n 13 1930 1950 38° 02• 123° 041 38° 05 1 123° 06• 
43 " 13 2025 2045 .380 101 ·1230 OS• 38° 13' 123° 11' 
44 • 13 2155 2215 38° 131 1230 13' 380 ll' 123° 17' 
45 " 13 2315 2.3.35 380 08• 1230 25' 38° c:n• 123° 28!• 
46 • 14 0010 0030 38° 041 1230 35' 38° 03' 123° 38' 
47 • 14 0100 0120 3So 01• 1230 43' 370 59' 123° 47 1 

48 " l4 02rn 02'Z1 37° 561 1230 54' Yf O 55 1 123° 58 1 

49 • 14 0425 0445 31° 501 123° 45' 37° 49' 123° 42' 
50 " 14 -053Q 0555 37° 47' 123° 33' 37° 461 123° 29' 
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TABLE 3. (Cont'd) Record of plankton haul.a made 
during the Pearl Harbor cruises 

Plankton Hie ?2sitlo11 - ~tart Pos!Eon - End 
haul no. Month Dav ~DE 11 Latz w. Lotu!1 ~La~1 '11 L2DB1 

51 June 14 0700 37° 45' 1230 ~· ·44.' 123° 171 

52 " l4 Cl'/40 0805 37° 42' 123° 101 37° 41' 123° 06• 
53 " l4 1340 1400 37° 40' 1220 561 YI° 391 1220 52' 
54 " 14 1430 1450 37° .381 1220 471 370 37' 1220 43' 
55 • 14 1515 1535 37° 36' 122° 38' 'YI° 36' 1220 34' 
56 • 18 1725 1745 37° 53' 1220 451 'J70 55' 1220 AB' 
57 II lS 2ll2 2132 37° 53' 122° 581 37° 49' 122° 591 

58 " 20 2015 2035 37° 40' 1220 43' 71" 371 1220 44' 
59 " 20 2120 2140 37° 30' 1220 46• 37° 271 1220 47' 
60 n 21 0820. 0840 37° 321 1220 33' 37° 35' 1220 35' 
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TABLE 4-Wet wlume, in cubic centimeters, or principal constituents ot zooplankton 

Plankton Copepods Y Euphauaids AmPd- Decapod other ~ps Siphon- .A.ppen- Cbaetog- Small Misc. 'l'otaly 
haul no. large/small large/8118.11 pods crust.ace& crust.a- . ophores dicu- naths egga all 2 

lame cea larians groul)8 

7 0.15 o.60 0.15 0 • .30 p p 0.15 o.os l.AO 
8 .30 .50 .os p p 0.10 p .02 ·p p O.OJ 1.00 
9 .os .os .OJ p .2s .02 .40 

10 .20 .20 p .10 p .os p .55 
11 1.00 .50 .15 p p p p .os 1.70 
12 .10 .30 p .os .os :P .so 
lJ .10 .30 p p p .os p .45 
14 .2s .25 .05 p .05 p .60 
15 .]J .13 .04 p .10 .05 .45 
16 .15 .10 .os p .20 .05 p .ss 
17 .08 .08 .08 p .30 .08 p - .03 .65 
18 .10 .25 .10 .ss .20 P' 1.20 
19 .10 .15 1.85 p 0.25 p .lS p 2.so 
20 p .1s p .)0 .10 .08 p .02 .65 

!'.> 21 .10 .is .10 .15 .10 .os .os .70 
~ 22 .os .20 .os p p .05 p .35 

2J p .05 p p p .os .10 
24 .05 .15 p p p .05 .15 .05 .45 
25 .so 1.50 .10 p p p .os .2s 2.40 
26 .03 .10 .02 .02 .03 .02 .22 
?!'/ .05 .10 .OJ .02 p .02 . .P .03 .25 
28 .10 .40 p p p ~- .10 .JO .10 1.00 
29 .20 1.50 .15 p .os p .05 p .os 2.00 
30 .10 .65 .10 .70 .05 p .10 1.70 
Jl .so 2.60 .30 .02 ~10 .os .40 .OJ 4.00 
32 2.00 3.20 .40 3.00 p 1.00 .p .os .20 .os .10 10.00 
33 .3S 1.20 .70 p .l.O p p p .os 2.AO 
.34 .JO' .6S 1.00 p p ~ p p .05 2.00 
35 .10 .os .os p p .60 .os .os p .10 .05 1.05 
36 1.00 .10 .35 .OJ p 1.20 .os .os .05 p .rn 2.90 
·37 • .30 .os .40 .10 p • .30 .20 .os p p .os 1.45 
.38 .15 .05 .,30 .os p . .35 .10 .OJ p .rn 1.10 
39 .12 .04 .04 .12 .04 p .70 .04 .02 p .08 1.20 
40 .20 .os .20 .os p .40 .rn .OJ p p 1.00 
41 .20 .os .15 p p .20 .08 .03 p p .04 .75 
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TABLE 4 (9ont•d) .- Wet volume, in cubic centimeters, of principal constituents of zooplankton. 

Plankton Copepods Y' EUpbiuslds ADIPhl~ Decapod Other Silps S!Plion- lppen- e&aetog- sman Misc. totily 
haul no. large/small large/small pods crustacea crust.a- ophores dicu- naths eggs all 2 

larvae cea lariane ~OUl!!! 

42 p 0.05 ·p· p p p o.os 0.10 
43 0.40 .05 0.20 p p p p .05 .70 
44 .20 .10 .15 p p p p p .05 .50 
45 • .30 .10 0.30 .1s p a.is a.as p p p .05 1.10 
46 .10 .05 .25 0.05 1.30 .05 p p p .os 1.85 
47 • .30 .10 ~40 .2s p p .40 .25 p p P. .05 1.75 
i.a .1s .05 .05 .ls .05 p .05 .05 p p .os .60 
49 .10 .0.3 .10 .03 p p 0.05 0.03 p .06 .40 
50 .08 .03 .06 p .20 .os p p· .03 .4s 
51 .20 .05 .10 p p .15 .os p .40 .9S 
52 .02 .02 p p .08 p p .16 .02 .30 
53 .05 .os p p p p .3s p p .05 .50 
54 .03 .30 .02 p o.os. .as p p p ~05 .so 
55 .10 .90 .20 p .10 p p p 1.30 
S6 .02 .30 .03 p .os .40 
57 .25 .05 2.00 .05 p p .os 2.40 
58 .30 .30 .90 .25 p .25 .os .05 p 2.10 
59 .30 • 30 • .35 .2s p . .60 p p .02 p .25 .03 2.10 
60 p .25 .05 p .05 .03 p .10 .02 .50 

' lJ Under large copepods are placed copapods as large as, or larger than, Calanus finmarcbicus in the adult or 
late copepodid stages. Under small copepods are included all smll-sbed species as well as ?fauplli and 
early copepodid stages or the .larger-sized species. 

y Total volUme exclusive of jelly masses and ctenophores. 
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Group 

Oopepods 
Euphausids 
Salps 
Siphonophores 
Amphipods 

TABLE 5 

Relative importance of the several groups of animals taken in the plankton 
hauls as shown by the number of instances of dominance and by the 

groups• percentage or total volume. 

Han Is T.All'"en nn'T"'1 "a dav11' PnT. Han• s +.aken at .., 1 mif. 

Percent- Percent-
age of age or 
total total 

Dominant Sub- ·17ume Dominant Sub- volume Dominant 
dominant dominant occutd.ed 

No.Samples No.SAJDples .No.Samples No.Sample! No.Samples 
2.3 6 64 9 9 .35 32 
- 5 7 a 7 .35 8 

.3 4 7 6 1 15 9 
1 l .3 - - .3 1 
- - p 1 1 .3 1 

11 nAn rs 

. Sub-
dominant 
No.Supl.es 

15 
12 

5 
1 
1 

Macro-crustacean 
larvae - 1 .3 - l 4 - 2 

Appendicular:l,ans - 1 6 - - 2 - 1 
Oladocerans 
Small eggs 

(euphausid 
or copepod) 

All others 
. 

Total 

• 

- l p - - p - 1 . 
.3 6 7 - - 1 .3 6 

- - .3. - - 4 - -
~ 

.30 - 100 24 .... 102 54 -
!/ To'btl volume exclusive of jelly masses and ctenophorea. ttpn signifies presence in 

q~tity too ~mall to be measured • 

Percent-
age of • 
total 
volume 
occunied 

46 
25 
11 
3 
2 

4 
.3 
p 

.3 

.3 

100 



TABU: 6 

Average wlume, in cubic centimeters, of the principal 
groups of animals in the daytime plankton hauls grouped aaoord~ 

to distanae from shore. 

Distance of haul from shore Average .. Daytime 
:> - 20 miles 20 - 40 miles over 40 miles Hauls GR>UP 
(10 hauls) (7 hauls) (13 hauls) (30 hauls) 

cc. cc. cc. cc. 
CopepodS 0.91 0.41 0.39 0.57 
Euphausids .10 .05 .04 .ob 
AmJiiipods p p p p 
Decapod Crustacea 

larvae .09 p p .03 
Small eggs (copepod 

or euphausid) .en .12 .03 .<>6 
Salpe .02 .05 .09 .06 
Siphonophores .04 .Ob p .03 
Appendicularians .04 .05 .06 .05 
All other!/ .06 .02 . .02 .03 

I I 

Total 1.33 0.76 I 0.63 0.89 
-

'!/ All other animals taken in the plankton hauls except jel~ masses and 
ctenophores. 
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TABLE 7 

Average volume in cubi.c centimeters, ot the principal. 
groups of animals in the nighttime plankton hauls grouped according 

to distance from shore 

Distance of haul from shore :A.verage-
· night 

() - 20 miles 20 - 40 miles over 40 miles haul&. 
GROUP (9 hauls) (5 hauls) (8 hauls) (22 hauls) 

cc. cc. cc. cc. 
Copepods · 1.03 0.48 0.21 0.61 
Euphausids .92 .42 .37 .61 
.Amphipods p .04 .ll .05 
Decapod Crustacea 

larvae .22 p p .07 
Small eggs (copepod 

or euphausid) .06 p p .02 
Salps .rn . .67 .24 .'Z'l 
Siphonophores .01 .12 .04 .05 
Appendicularians .04 .02 .05 .04 
All other JI .02 .06 .04 .04 

Total 2.37 1.81 1.06 1.76 
-

'Ji All other animals taken in the plankton hauls except jelly masses and 
ctenouhores. . . 

2B 
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TABLE S.A cOmparison of plankton hauls taken 2 to 3 weeks apart 
in approximately the same localities. 

\ 

Plankton GrouR 

Copepods 
Euphausids 
Am_pbipods 
Decapod crustacea 

larvae 
Salps 
Siphonophores 
Appendicularians 
All other 

Total vol.umeY 

Ctenophores 
Anchovy eggs 
Other fish eggs 
Other fish larvae 

6-10 miles SE of 
Farallone Islands 

F31 F5.3 
V-24 VI-14 

l:~5PM 1:50PM 
.o°F l.. Op' 

cc. cc. cc. cc. cc. cc. 
5.20 0.30 3.10 0.10 1.55 o.60 
3.40 2.05 0.30 p 0.70 o.60 

p p p p p 

1.00 p 0.02 p 0.10 o.60 
p p -

0.05 0.35 p 
0.20 p 0.02 
0.1 0 28 

2.10 
No. No. 
3 1 

2 9 9 
1 l 

Average temperature, 0-25 feet. 
Total volume exclusive of -ieny masses and ctenophores. 
Occupied approximately 1.8 cc. 
Occupied approximately 1.3 cc. 
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TABLE 9. Record of fish eggs and larvae taken in plankton hauls 

Plankton Pilchard Anchov,- Other 
haul no. 1/ EllllS Larvae EO'O'S Larvae Eirirs Larvae 

no. no. no. no. no. no.-
7 1 1 

10 1 2 
11 I 1 1 
12 1 I 7 . 
.13 18 
14 7 ' 

15 • I 2 
16 4 

I I 

17 1 
18 1 1 
19 1 1 
21 1 
22 1 
24 .3 
25 2 2 
28 I 3 1 
29 1 1 
.31 1 
32 . 2 l I -
33 55 4 1 
.34 24 
35 .3 1 
.36 3 1 26 1 
37 7 .37 3 
.38 4 
39 7 1 
40 5 1 4 
41 6 
47 1 1 
48 

~ 
2 

49 1 66 5 I 7 1 
50 1 47 20 .3 .3 
51 l 22 .3 2 
52 1 
53 9 
54 .32 6 1 
55 .3 3 
56 2 1 
58 2 
59 9 
60 28 6 

!/ Hauls in which neither eggs nor larvae were found are omitted. 
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f1&Url 13, RelaUve atiundllllce of cn.u;tacea ~ tfptl) 1n plantion hauls. DaY" ancl 111cht hauls 

&c!Jusiecl to a cmparallle liu1.s. - Abundance 1n cc per sample 1n41Catecl bf alze ot 
circle (note 1cale 1n upper r1gM comerl. 

Cit • 

> 
lll 

"' 2 
> 

iii 
GI 
• 

ii 
Cit • 

: • 
noa 


