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OCEANOGRAPHY'S ROLE 
IN DEVELOPING MARINE RESOURCES 

By J ames H . J ohnson* 

Natural res 0 u r c e s are develope d in re ­
iponse to a present or projected need. Future 
c on 0 m i c and social needs for natura l re ­

Durces are strongly conditioned by the ex­
~ected increase in world population. An ex ­
tm ination of past s tat i s tic s and proj ected 
r'ends in world population is sobering. In 1600, 
, arld population was about 350 mill ion; by 
,HOO, the figure had doubled; by 1900, it h a d 
loubled again and stood at about 1.5 billion. 
tnd again since then, the world's population 
las doubled itself. Within the n ext 35 yea rs, 
I this rate of increase c ontinues, the r e will 
Ie over 6 billion persons on earth. Though it 
la s taken all the vast reaches of time to arrive 
it today 's population of around 3 billion, it may 
ake no more than 35 years to add the next 3 
lillion. 

Clearly, if the world population c ontinues to 
'ise as projected, the demand for natur al re ­
Durces will intensify. It is not cle ar, h owever, 
us t how much of the de mand will b e satisfied 
rom resources in the marine en vironment. 
'h is environment, how e v er, appears like ly to 
lay a significant role in supplying f ood, min­
['a l, water, and recreational res ou rces. 

In general, the development of marin e re ­
Du rces follows a similar pattern: L ocation -
I e s c rip t ion and Assessment - Ex trac tion -
']' cessing - Marketing . 

World Protein Shortage 

Today, th e l imi ted qua n tit Y of food - -in 
cal ories - -is a great concern to many parts of 
the deve loping wor ld , but the nutritive valu -­
p rotein- -is ev en mor c rue i a 1. uppli s of 
protein are particularly scarce and costly in 
th e poorer nations . The r cent report of th 
President ' s Science Advisory Committ e on 
the World F ood P robl mY concludes: 

"It is im perative for programs d sign d to 
alleviate p r otein deficiency to produ e big r -
sults in a r e l a tivel y s hort time. Since ev nth 
most vigorous efforts probably will fall short 
of the goal , work should be initiated promptly 
on any program which shows promise of pos­
sible significance." 

Certainly n one of the steps taken to date to 
solve this problem has been effective nough 
to halt the worsening trend. 0 adequat solu­
tion i s in sight. President Johnson r c ~ntly 
warne d that the shadow of starvation and im­
pending fa mine has g row n even darker. H 
said it was necessaryfor the United tat sand 
othe r nations to make a massive effort to help 
the l es s fo rtuna te of the earth help themselves. 

T he urgency of this problem can be d mon­
str a t ed by the following factual highlights: 

1. World population is 
This paper outlines futu re demands for food at a frightening rate . 

~d describes some kin d s of oceanographic 
a ta and programs nee ded to develop marin e 
~ I)d resources. Emphasis is p 1 ace d on th e 
I'~ ation, description and ass essment, and ex ­
'a c tion phases, though ce rta inly processin g 
d marketing are of equal importance f or full 

evelopment of the r e source . Al so, economic 

2. Even today, at least 20 p rc I1L of th 
2. 25 billion people 1 i v i n g in less -dev lop d 
countries receive too few calories, and about 
60 pe r cen t have diets inadequate in nutri ional 
quali ty. 

c t ors must be conside r e d in all phas e s of 3. If present growth rates continu untll 
~velopment. 2000, there will be more than four times as 
e puty Assistant Directo r for Biologic a l Research, BCF. Article is based on paper presentt!d at Ogden Oceanography Sem 

York City, N. Y., Oct. 16, 1967 , sponsored by Ogden Technology Laboratories, Inc. 
Commercial Fisheries Review , August-September 1967, pp . 1-3 . 
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many people in the less -developed countri s 
than in the developed ones. 

4. If similar foods are consumed in the next 
20 years. estimated protein and calorie needs 
mean that the world will need 50 percent more 
food in 1985. 

5. The population-control effort does not 
offer much hope for solving the food supply 
problem in the near future. 

6. Recent rates of growth infood production 
in the developing countries have been slower 
than those of consumption. 

7. Poor distribution systems wit h i nand 
among countries make the situation even more 
disturbing. 

In recent years there also has been a grow­
ing demand for fish and fish products in the 
United States. edible and non-edible. The per­
capita use of fish and fish products increased 
from 42 pounds (round weight) in 1950 to 62 
pounds in 1966. An estimate based on projec­
tions of population. inc 0 m e. and per-capita 
consumption is that total use of fish and fish 
products in the United States will increase to 
28.1 billion pounds in the year 2000. This is 
134 percent over the 12 billion in 1966. 

E stimates of Potential Harvests 

When one examines the rapid growth of fish­
ery activity since World War II, and the ex­
pected increase in this activity to supply world 
demand. h e wonders what the upper limits of 
fishery resources are that can be taken year 
after year. Over the past twenty years, pro­
duction of living aquatic products has increased 
from about 20 million metric tons to about 50 
milli on metric tons (Figure 1). 

E s timates have been made in recent years 
on the possible sustained production from the 
oceans. These estimates are essentially of 
tw o t yp e s. One extrapolates present trends 
and success in areas now heavily exploited to 
like regions of the oceans yet unexploited. The 
other is based on food -chain dynamics - -on the 
amount of phytoplankton produced naturally in 
the ocean, and the flow of energy through the 
food web to fish. Both have shortcomings . The 
former approach appears. on the average. to 
give estimates much below those of the latter. 

At the Second Annual Marine Technology 
Society M e e tin g in Washington. DC., June 

1966, W. M. Chapman of Van Camp Seafoods 
estimated that tt>e ocean produces about tw 
billion tons of manne animals each year tha 
are large enough and useful enough to form th 
basis of a practical commercial effort. 

Schaefer (1965) has estimated the harves 
able crop from the net rate of photosynthes 
of organic matter and its transfer through t 
food chain. He concludes that a minimum 
200 million metric tons of fishery produc 
can be taken on a sustained basis - -and th 
the figure a p pea r s reasonable and probab I 
conservative. This a g r e e s closely with tl 
estimate in a 1962 publication of the Nation 
Academy 0 f Sciences - - National Res ear C 
Council of 190 million metric tons that coul 
be taken annually- -or about four times tha 
now taken . 

On the conservative side. estimates mad 
by some scientists at the International Confer 
ence on Fish in utrition, 1961, Washingto[ 
D. C., suggest that we may be approaching th 
upper limit of sustained production faster tha: 
we realize. 

There is much need for further study on th 
processes governing ocean productivity to re 
fine the estimates now being made . At presen' 
however, the consensus seems to be that pro 
duction from the sea can be increased signifi 
cantly. 

The g rea t est increases in catch are € { 

pected to come largely from the lower trop , 
levels. This expectation is already borne 
by production figures of the last two decad 
(Figure 2) which show the greatest growth 
f ish e r i e s from herringlike fishes. Pe 
catch record provides an outstanding examp 
of how the harvest of lower trophic level forr 
can catapult a nation into prominence in woX 
fish production (Figure 3). 

Oceanography's Role Increasingly ImportaI1 

The role of oceanography in development ( 
food resourc es will become increasingly irr 
portant. Res u 1 t s of oceano!:;raphic surve) 
will provide understanding of ocean process€ 
needed for more efficient means of locatir: 
new resources. Follow-up programs will t: 
directed at s to c k assessment, itlcluding tt. 
de t e r min a t ion of effects of environm~nt· 
change on abundance and distribution of stock! 
an understanding of which will lead to fishe 
forecasts. Concurrently. 0 c e an engineeri 
programs will be pursued for developing ei 
ficient harvesting techniques. 
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Fig_ 1 - World catch of aquatic products (FAO)_ 
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MARINE FISHES : 
Catch by groups of species 
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Fig. 2 - World catch by major species groups (FAO). 



AQUATIC ANIMALS AND 1>, ANTS: 
Catch of the 6 largest producing coun~rles 
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ANIMAUX ET PLANTES AQUATIQUES: 
Quantites pkhees des 6 plus important. pays producteurs 
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Fig. 3 - Catch of aquatic animals and plants by nation (FAO). 
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Oceanography will playa role in locating 
new resources by providing information on 
areas of high basic productivity which, in turn, 
suggest possible large fishery resources. For 
example, in the report, "Atlas of the Arabian 
Sea for Fishery Oceanography," Institute of 
Marine Resources, University of California, 
the authors have examined International Indian 
Ocean Expedition data and conclude that the 
potential for fishery resources in the western 
Arabian Sea is veryhigh. The southwestmon­
soons cause upwelling in the summer, which 
can be noted from the sur f ace temperature 
field (Figure 4). This upwelled water, bring­
ing nutrients to the surface, triggers high pro­
ductivity of phytoplankton during June through 
August along the western side of the sea, and 
results in increased zooplankton vol u m e s. 
These 0 b s e r vat ion s, along with reports by 
merchant vessels from time to time of mas­
sive fish mortalities, suggest that the wes tern 
Arabian Sea may be one of the world IS most 
productive areas. 
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Oceanography Important to P r ediction 

After stocks have been locat ed, some man­
ner of assessment follows . This involves de­
termination of substocks, maximum sustain­
able yield of s to c k s , and understanding the 
interaction of stocks wit h the envir onment. 
Achievement of the latter leads to information 
needed for prediction of abundance and distri ­
bution of the fish stocks . It is here that ocea­
nography may play its most important rol e . 

According to Sette (1966) in a paper pre ­
sented at the Second Annual Marine Technology 
Conference, one problem of the U . S. fishing 
industry is that, unlike most other U . S. in­
dustries, it does not easily lend itself to the 
American genius for applying technology and 
systems research and management . 

He suggests that a large obstruction to ap ­
plying a modern-system type of operation at 
the fishing level is the variation in abundance , 
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Fig. 4 - Sea-surface temperature DC. August in the Arabian Sea . 
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WESTERN ATLANTIC MACKEREL 
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Fig, S - Catch of mackerel along the Atlantic coast of the United States. 

location, and catchability of the fish. Too much 
time is spent hun tin g f or f i5.1; too little in 
catching them. On oc casions, when a fl e e t 
comes upon good fishing, its lan dings glut the 
market and there is e ither a price r eaction or, 
sometimes, a failure of the m arket to handle 
the fish. Often, the n e t effect on the ':-~sherman 
is an income too little to k eep his vessel and 
gear in repair; or, the inc ome may be too little 
to keep him in the fishery. The effect on the 
processor or the wholesaler i s a highly irreg­
ular supply of domestically c aught fish. Since 
frozen fish have become a c ommon interna­
tional commodity, he c an offs et these irreg­
ularities by imports. No doubt this, as well 
as price advantage, has been a p owerfulfactor 
in making this country a large net importer of 
fishery products. 

Sette's thesis is that changes in the ocean 
environment cause major changes in fish dis­
tribution and abundance and the r eby produce 
irregularities in fish catch. He points out sub-

stantial differences in the amplitude of fluctu­
ations in the catch of various fishes. In gen­
eral, the catch of bottom fishes like cod, had­
dock, and others fluctuates less than the catch 
of most other types. In contrast, the pelagic 
near-surface schooling fishes, such as tunas, 
mackerels, and herrings, fluctuate most wide­
ly in abundance and especially in distribution. 

Factor of Infant Mortality 

Variati on in the overall abundance of a spe­
cies may be caused by y~ar-to-year variation 
in infant mortality. Regardless of the amount 
of spawning, it seems that in some years many 
young survive through larval and j u v e nil e 
stages and grow to commercial size; in other 
years, very few survive. The record of the 
western Atlanti c mackerel cat c h (Figure 5) 
shows variations which may be caused pre­
dominantly by such variations in infant sur­
vival. 
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During the 19th century, the mackerel was 
a major food item and a mainstay of the New 
England fishery. A barrel of salt mackerel 
stood along with the cracker barrel in almost 
every grocery and general s tor e . Then, in 
1885 -1886, there was a catastrophic decline in 
catch of about 90 percent. The fishing ports 
suffered greatly, and salt mackerel became a 
minor food commodity. It remained so for 40 
years. Then, in the middle 1920·s, there was 
an upsurge. From a 10-year sample of age 
compositions in the catch, Sette determined 
that the infant mortality was nearly total in 
over half the years. It appeared probable, he 
concluded, that variations in infant mortality, 
probably caused by changes in environmental 
conditions, were responsible for most of the 
year-to-year fluctuations in catch. 
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Fig . 6 - Catch of albacore tuna off the west coast of the U nit e d 
States . 

Changes in Distribution 

Another cause fo r fluc tuation in cat chis 
va ria tion in distri bution of f ish a b I e stocks . 
This changes the p r oporti on of the fish popula­
tion that comes within range of the fishery. 

The variations in catch of a I b a cor e tuna 
along the Pacific coast of the United States 
most probably exemplify changes in distribu ­
tion rather than in overall abundance (Figure 
6). Ithas been proved by midoceanfishing and 
by tagging that albacore a r e distributed from 
one side of the Pac i f i c t o the other. Our 
coastal fishery c a tch e s them only in summer 
when warm water conditions us ually prevail, 
and they approach near enough to the coast 
for small boats to reach them. Scientists now 
believe that what seemed to be nearly total 
disappearance of albacore between 19 26 and 
1936 was merel y the fa i I u r e of albacore to 
come close enough to th e coas tfor our fleet to 
reach them. It is sus pect ed that the failure 
to move into coastal wa ters was du e to changes 
in environmental conditions from pre v i 0 u s 
years. 

Fish Distribution Related t o Ocean Changes 

Recentfindings byfish ery scientists work­
ing on Pacific Ocean data have further eluci­
dated the relations of fish dis tribution to en­
vironmentalfeatures . T o understand these re-

Fig. 7 - Pacific Ocean circulation . 
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Fig. 8 - Sea surlace temperature difference (OC.) between June 1956 and June 1957 . 

. ations , it is helpful to know something of North 
P acific Ocean circulation. It is characterized 
~ y a large clockwise gyre, essentially similar 
:0 the atmospheric circulation (Figure 7) . The 
ro rth Pacific drift flowing easterly splits off 

t e Oregon -Washington coast into a northward 
r lowing c urrent forming the Alaska gyre, and 
~ s outh- e astward flowing cold California Cur­

ent which turns westward off Baja California. 
1'h e latter cur rent flows past Hawaii as Cali­
t ::> r nia Current Extension waters, becomes part 
cf the North E quatorial Current, passes north­
ra rd as th e warm Kuroshio Current, and mixes 
rith the cold s outhward flowing Oyashio to 

~ omplete the clockwise patt ern. 

These current s and water masses can be 
identified by t h e i r temperature and salinity 
characte ristic s. F or in s tance, the Cal ifornia 
Current, since it ori ginates in northern lati­
tudes, is a c old cu r r ent. High rainfall and re­
duced evaporation in north latitudes also tend 
10 keep its s urface s alinity r e latively low. 

The Bureau of Comme r cial F i s heries lab­
~ratory at Stanford University has been study­
Ing broad-scale changes in Pacific Ocean cir -

culation, as inferred from sea temperatures, 
by month, from 1949-1962. In the early years 
of this period, the eastern Pacific Ocean tem­
peratures were lower than average, but be­
tween 1956 and 1957 the eastern Pacific be­
came much warmer and the western Pacific 
colder and rem a i ned so for several years 
(Figure 8). 

The distribution of albacore in the North 
Pacific is seemingly affected by these broad­
scale changes in the ocean climate. At some 
stage of their life history, the North Pacific 
albacore are sought byJapanese live-bait fish­
ermen off Japan, Japanese longline fishermen 
in the west central North Pacific, and sport 
and commercial fishermen off the west coast 
of North America (Figure 9). 

In ~ay and June each year, the albacore 
move from central North Pacific into North 
American coastal waters. When springwarm­
ing occurs early in coastal waters, there is 
some e vi den c e, though not conclusive, that 
albacore are available earlier to fishermen. 
If the coastal waters are warmer than usual, 
the fish appear farther north. The area of bes t 
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Fig. g - North Pacific albacore fisheries. 

Fig. 10 - Areas of albacore catch during typical "cold 0 c e a n" 
years and ''wann ocean" years. 

catches during typical warm years is off Cali­
fornia' Oregon, and Washington. In cold years, 
most of the fish remain to the south-- off Baja 
California and California (Figure 10). 

The temperature changes reflec t changes 
in the California Current System. Wh en large­
scale changes occur, they u s ually pe rsi st for 
several months and sometim es for s eve r a 1 
years. This per sis ten c e over an extended 
period provides the basis fo r forecasting. In 
some years, howe v e r , preseason fo r ecasts 
have been made but subs equently proved in­
correct because of radical changes in ocean 
conditions between time of forecas t and onset 
of fishing. The year 1967 is a case in point: 
The ocean temperature in the eastern Pacific 
changed r a d i cal l y from a cold temperature 
anomaly to a warm anomaly in a matter of a 
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Fig . 11 - Water mass types and salinity--catch relationship of 
skipjack in the Cent ral North Pacific Ocean. 

few weeks - -and threw the initial fo r ecast off. 
Fortuna tely, sci e n tis t s were able to detect 
these changes e arly and adjust the forecast as 
the season p rogr e ssed . Evidence suggests that 
unu s ual a tmospheric circulation in summer 
1967 caused an abnormal amount of heat flux 
into the sur f a c e l ayers of the ocean in the 
northeaste rn Pacific. This in turn c au sed 
seasona l warming of surface waters to proceed 
at an unusually high rate . Precis ion in fore­
c astin g will not improve until understanding of 
ocean a nd air-sea interaction process es caus­
ing these changes is further develop ed. 

Downstream from the Cal iforni a Current, 
variations in the California Current Extension 
waters affect the Hawaiian ski pja ck fishery. 
Important to Hawaii are the North Pacific 
Central and North Pacific Equatorial w ate r 
types and the transition zon e between these, 
the California Current Extension (Figure 11). 
The boundary between the California Current 
Extension, with relatively low sal inity, and the 
North Pacific Central wat e r, with relatively 
high sal in it y , is well defined by a salinity 
gradient which usually lies just south of the 
islands during la te autumn and early winter. 



Normally, during February or March, the sa­
linity gradient, and t h us California Current 
Extension water, begins a northward move ­
ment. It passes the is 1 and s in spring and 
reaches its northern position just north of the 
islands in July or August. The movement of 
the boundary is monitored by analyses of sa­
linity samples taken regularly at near Koko 
Head, Oahu. Scientists at BCF's Biological 
Laboratory in Honolulu have found that when 
the California Current Extension bathes the 
islands in summer, skipjack landings are gen­
erally high, but when North Pacific Central 
water prevails, 1 and i n g s are usually below 
average. From these findings, and additional 
information on the time that seasonal warming 
of surface waters occurs, predictions are be­
ing made on whether skipjack landings will be 
above or below average for the season. 

At the western extreme of the large clock­
wise gyre of the North Pacific, Japanese sci­
entists have also determined relationships be­
tween variations of the Kuroshio and success 
of the albacore and skipjack fisheries there. 

Mentioned earlier was the eastward flow of 
North Pacific water diverging off the coast of 
Washington and Oregon. A part of this forms 
the counter-c 1 0 c k wi s e Alaska gyre and the 
Alaska stream flowing to the westward south 
of the Aleutians. Scientists at BCF's Biolog­
ical Laboratory, Seattle, now believe that re­
duced flow of the Alaska stream in the spring 
of 1966 affected the migration routes of ma­
turing Bristol Bay sockeye salmon, and thus 
a f f e c ted the number of salmon available t o 
the high-seas fishery. 

Clearly, one can conclude from these f ew 
examples that variations in the ocean climate 
have major effects on the abundance and avail­
ability of fishery resources. An essential s tep 
toward increasing productivity of United States 
fisheries would be to proceed with oceano­
graphic programs that would increas e under­
standing of the processes causing changes in 
the "ocean climate." This would le ad to more 
effective fishery predictions. 

New Harvesting Techniques Nee de d 

Development of new harves ting techniques 
is urgently needed in some s egm ents of the 
fishing industry. In the broades t definition, 
these techniques can be classified as ocean 
engineering developments. 1'\'10 e x amp 1 e s 
show how development of new harves ting tech­
niques greatly increased fleet efficiency. 

7 

In 195 6, the first seeds of technolo lcal d­
vances that wer e to revolutioniz th fish ry 
occurred with development of the nylon n t and 
power block for improved hauling of in s. 
Lack of capital and natural r luctanc on th 
part of fish e r men to change their m thod of 
fishing de layed rapid conversion of balt bo t 
to purse sein e r s . It soon be cam e evid nt, 
however, that large purse seiners could op r­
ate much m ore efficiently than baIt boat . Ac­
cordingly, even though the cost of conv >rting to 
purse seiners ranged from $50,000 to 150,000, 
a nd cos t of the all-nylon purse sem was ap­
proximate ly$50 , 000,conversion increas d 
g radually; in 1959 and 1960, it Jump d to an 
unbelievable rate . Few events m the history 
of a major fishery have so completely revolu­
tionized a fleet . 

The second example of increasing harv st­
ing efficiency is the development of the mid­
wa te r trawl and telemetering device 10 th a­
c ific hake fishery. Hake resources are known 
to be abundant off Oregon and \ ashmgton, and 
the Soviets have bee n fishing th m h avlly. 
However , it was not until BCF oc an ngm rs 
developed a midwater trawl capable of fl hm 
hake off the bottom did the 'mt d Stat r ach 
the point where harvest could be attamed f­
ficiently with sma 11 vessels. Th abll1ty 0 
position the trawl at certain d pths w s th 
clue to efficient harvesting. This was po Ibl 
only through development of a d pth tIm t r­
ing device to accurately position the n t. Thl 
is evidence that innovations do not hav to b 
of major proportions to hav a great lmp ct 
on increasing harve ting effectiv ne 

Summary 
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and ocean engineers will develop new harvest­
ing techniques that will put the U. S. fIe e t s 
again in a competitive position with foreign 
fleets. The development of new processing 

techniques and products, such as fish protein 
concentrate (FPC), and marketing programs 
also will play major roles in the growth of 
world and domestic fisheries. 
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