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How Much Food from the Sea? How Much Food from the Sea? 

We have read with interest John H. 
Ryther's recent article "Photosynthesis 
and fish production in the sea" (1). 
Ryther's estimate of annual fish produc- 
tion (about 100 million tons) falls with- 
in the range (80 to 2000 million metric 
tons) estimated in the past few years 
by other scientists (2). It is, however, 
at the lower end of this range. The im- 
portance of his contribution must be 
viewed in the light of whether or not 
his work provides a better focus on the 
yield of fishes that may be anticipated 
from the world's ocean. 

The technique used by Ryther and 
other scientists who have derived esti- 
mates based on the flow of material 
through the food chain involves three 
primary considerations: the amount of 
carbon fixed annually; the efficiency 
with which nature transfers material up 
through the food chain; and the trophic 
level selected for calculating fish pro- 
duction or yields. Apart from the un- 
:ertainty surrounding the total amount 
)f oceanic carbon fixed, such estimates 
)f potential fish production are based 
i) on the assumption that the complex 
nd variable food web in the sea can 
e treated as a simple chain of trophic 
vels and that fish production can be 
,signed to a specific level in the chain, 
i) on the belief that it is possible to 
duce the variable values for efficiency 
transfer of material from predator to 
:y to a single set of values represent- 
: ecological efficiency, and (iii) on a 
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guess as to the percentage of produc- 
tion at present available to man. 

Estimates obtained by this technique 
are extremely sensitive to the values as- 
signed these parameters. Ryther's table 
1 (1) represents a matrix of ecological 
efficiency and trophic levels. The choice 
between two adjacent levels involves a 
possible error of an order of magnitude 
or more, depending on the ecological 
efficiency factor chosen. The choice 
within a given range of ecological effi- 
ciencies involves error factors ranging 
from approximately 2 to 15. Even when 
other sources of uncertainty are ig- 
nored, Ryther's estimates could easily 
be in error in either direction by a fac- 
tor of 1 to 2 orders of magnitude. 

The sensitivity of this technique for 
estimating fish production has been rec- 
ognized by most workers who have 
used it. Ryther departs from his prede- 
cessors in that he categorizes the ocean 
into "provinces," using relative primary 
productivity as a criterion, and subse- 
quently examines the potential fish har- 
vests of these provinces. His relatively 
low figure for total potential production 
of fish results from his selection of the 
third and fifth trophic level in calcu- 
lating fish production from the coastal 
and oceanic provinces, respectively, and 
from the small total area suggested for 
the upwelling province. 

Ryther presents little explanation for 
his use of trophic levels three and five 
steps removed from primary production 
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for the coastal and ocean areas. We 
doubt that there are any plankton ecolo- 
gists who would agree "that virtually all 
the copepods, many of which are them- 
selves carnivores, must be preyed upon 
by chaetognaths," even in the open 
ocean. For fishes in general, Ryther fol- 
lows the logic of other biologists who 
have based trophic levels on the feeding 
habits of adult forms only. In many 
species, including the tunas and dol- 
phins, the greatest net growth of the 
population occurs during the early life 
history of the species. It is common for 
many species of fish to attain the maxi- 
mum weight potential before the species 
reaches maturity and relatively early in 
its life span. In fact, for adults, the 
weight added to the population in any 
time period is often exceeded by losses 
due to natural mortality. Thus, adults 
degrade net productivity rather than 
add to it. Fishing normally will change 
the population structure toward smaller 
sizes which have a higher ecological effi- 
ciency and which feed on organisms 
lower in the food chain. At any rate, 
there is considerable evidence that some 
important pelagic fishes feed on inverte- 
brates which are largely herbivorous. 
For example, over a great part of the 
eastern tropical Pacific the summer diet 
of adult yellowfin tunas (Thunnus al- 
bacares) is dominated by the herbiv- 
orous pelagic crabs Pleuroncodes 
planipes (3). 

Also, the works of other authors sug- 
gest that the number of trophic levels 
proposed by Ryther may be too high. 
Blackburn (4) suggests two fewer links 
than Ryther does for the chain of 
trophic levels between phytoplankton 
and man in the open ocean environment 
of the tuna fisheries. Steele (5) has 
shown that the observed fish catches 
in the North Sea could be supported by 
primary production only if the fish were 
feeding mainly at the second trophic 
level (not at the third, as suggested by 
Ryther). Since Steele's paper was writ- 
ten, North Sea catches have been in- 
creased to over 3 million metric tons, 
in 1967 and 1968, or to more than 5 
ton/km2-well above Ryther's estimate 
of total production. 

On examining Ryther's table 3 (1), 
it becomes obvious that a small error in 
calculated productivity could make a 
considerable difference in the final esti- 
mates. For example, in recent work the 
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On examining Ryther's table 3 (1), 
it becomes obvious that a small error in 
calculated productivity could make a 
considerable difference in the final esti- 
mates. For example, in recent work the 
English scientist Cushing (6) suggests 
a much greater size for the area of rich 
upwelling water than Ryther does. Ry- 
ther admits the possibility of error re- 
garding this matter. 
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There are, however, some discrepan- 
cies in the figures given by Ryther for 
upwelling. For example, the observed 
production of fish off Peru will agree 
with his estimates if the area of pro- 
ductive upwelling off Peru is, as he 
states (1, p. 76), 60 X 103 km2, but the 
observed production is much too high 
if the area is 36 X 103km2, as is im- 
plied on page 73 of his article. If we 
take the upwelling zone figures (60X 
103km2) used by Ryther (1, 76), 
and if the total upwelling area is, as 
stated, 10 times the upwelling area off 
Peru, the fish production in the upwell- 
ing province would be 200 million met- 
ric tons, not 120. Other numerical er- 
rors in the text make it difficult to 
evaluate the importance of Ryther's 
contribution, as they may alter his own 
conclusions. For example, the 1967 
catch of oceanic fishes was 46.9 X 106 
tons, rather than 60X 106 as Ryther 
implies, and the estimate of krill pro- 
duction, taken from Moiseev (7), is 
misquoted. The figure 60.5 million met- 
ric tons is the total world fish catch for 
1967. Moiseev did not, in his article, 
estimate annual krill production, but he 
estimated the krill consumption of the 
unexploited whale stocks to be 150 mil- 
lion tons in a 3- to 4-month period. 
Similarly, Kasahara (8) did not esti- 
mate the minimum total annual krill 
production to be "24 to 36 X 106 tons," 
as Ryther states, but estimated that the 
consumption by fin whales alone during 
summer months at least equaled this 
figure. 

On the last page of his article Ry- 
ther discusses the fish catch in a 110,- 
000-square-mile area between Hudson 
Canyon and the southern end of the 
Nova Scotian shelf and relates it to 1 
million tons of fish that would theo- 
retically be produced annually (accord- 
ing to the material-flow analyses). He 
then states that the area yielded catches 
that were slightly in excess of 1 million 
tons per year during the period 1963 
to 1965 and subsequently declined. The 
catch figures given by Ryther are con- 
fusing. The catches from this region 
during the period denoted were closer 
to 1.7 million tons annually. Further, 
the catches did not decline after 1965. 
During the 3-year period 1966 to 1968, 
the average annual catch (about 1.8 
million tons) was greater than it was 
during the period 1963 to 1965, and 
no discernible trend is apparent. 

Since only a part of fish production 
is available for catch by man (some- 
what less than half, according to Ry- 
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ther's approximation), one must con- 
clude that catches during the 6-year 
period 1963 to 1968, as well as being 
about 1.7 times the total production 
forecast by Ryther, were more than 3 
times the amount which might be 
caught! The example lends little sup- 
port to his argument. Edwards (9), 
whom Ryther cites as the source of his 
figures on the size of the area involved, 
forecast a total production potential of 
2 million tons annually from the same 
region if a "highly organized, versatile, 
efficient fishery" were operating. This 
forecast appears to be more reasonable 
in light of the performance of the 
fishery. 

We are not aware of any proposed 
regulation to reduce fishery pressure on 
cod, such as Ryther suggests, and there 
has been no decline in catches of this 
species. The 1968 catch of cod from the 
110,000-square-mile area defined above 
was almost double the 1963 catch, and 
there was a sharp upward trend over 
the period 1963 to 1968. 

If one looks at Ryther's estimated 
production for the oceanic province 
(1.6 X 106 tons) and compares it with 
the catch of tunas, bonitos, and dol- 
phins, there appears to be reason to 
doubt the validity of his description of 
the ocean as essentially a "biological 
desert." The catch of tunas, bonitos, 
skipjacks, and billfishes over the 3-year 
period 1965 to 1968 was roughly 1.4 
million tons (10). This catch is derived 
from wide areas extending across the 
tropical Pacific and from the more tem- 
perate waters to the north and south of 
this zone, and also from similar regions 
of the Indian and Atlantic oceans. A 
small part of this catch could be at- 
tributed to the coastal and upwelling 
province. The catch of this group of 
pelagic fishes, however, almost equals 
the total production forecast for the 
ocean province. As only a part of fish 
production is available to man, we 
come to the conclusion that the pelagic 
fishes noted above have catch yields 
about twice as high as those suggested 
by Ryther's data. If we add the catches 
of other pelagic fishes taken from the 
high seas, we find the yield from the 
oceanic province to be currently be- 
tween 2/2 and 3 million tons annually, 
an actual catch about 3 times that sug- 
gested by Ryther (1, table 3). 

Ryther, in the last paragraph of his 
article, states that much of the potential 
expansion must consist of "unexploited 
species" from remote regions, "such as 
the Antarctic krill, for which no har- 

vesting technology and no market yet 
exist." The possibility of harvesting 
organisms not conventionally used as 
food cannot be dismissed lightly. In the 
waters adjacent to Japan, over a half 
million tons of squid were caught in 
1967; krill have been harvested in the 
Antarctic by the Soviets for several 
years and are being marketed in the 
Soviet Union; and lantern fish are being 
harvested off South Africa (11), where 
they are commercially attractive be- 
cause of their high oil yield. 

Unlike Ryther, we believe that the 
question of potential fish production 
can be best answered through a more 
pragmatic approach based on knowl- 
edge of present commercial fish stocks 
and on extrapolation from exploratory 
surveys and other direct evidence. The 
United Nations, under the auspices of 
the Food and Agriculture Organization, 
is now in the process of evaluating data 
in an attempt to estimate the potential 
harvest of fish from the world's oceans. 
These studies are not yet completed. 
However, the estimated annual harvest 
of just three groups of fish-the large 
pelagic fishes of the open ocean (such 
as tunas and salmon), the larger species 
of bottomfish (such as cods and floun- 
ders), and the schooling pelagic fishes 
(such as herring and anchovies)-will 
amount to well over 100 million metric 
tons. To this we must add the crusta- 
ceans, the mollusks (including cephalo- 
pods), and a whole range of small fishes 
whose potential as food appears larger 
by perhaps an order of magnitude than 
that of better-known fish. 

It seems to us that Ryther's article 
has done little to resolve the current 
arguments concerning the potential of 
the oceans as a source of food, and that 
his dramatic conclusions that at its pres- 
ent rate the fishing industry can con- 
tinue to expand for no more than a 
decade and that the present yield of fish 
for man is not appreciably greater than 
100 million tons annually are unwar- 
ranted. His selection, for his calcula- 
tions, of relatively high trophic levels 
from the coastal and ocean province is 
questionable. The areas of high produc- 
tive upwelling are not yet well known 
(as Ryther admits), and the correlative 
examples that he gives do not support 
his case. In fact, they detract from it. 
We can expect, however, that the article 
will stimulate further debate on this is- 
sue which may help us eventually to 
solve the puzzle. In the end, Ryther 
may be right but for the wrong reason. 
If the world catch of sea fish levels off 
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in the next decade, this is likely to be 
due to the collapse of major fisheries 
because of climatic cycles, to overfish- 
ing, to oceanic pollution, to a failure 
to resolve problems of international 
jurisdiction, or to a combination of 
these factors rather than to inadequacy 
of unexploited resources. 
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A. R. LONGHURST 

Fishery-Oceanographic Center, 
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15 January 1970 

In my article (1) I estimated a total 
fish production in the sea of 240 million 
metric tons, rounding this figure to 200 
million tons to make it compatible with 
earlier estimates, of Schaefer and 
others, from which I felt my number 
did not differ significantly. I then sug- 
gested that roughly half that amount, 
or about 100 million tons, would be 
available to exploitation by man. I had 
thought that these figures were rather 
widely accepted, at least by the more 
responsible if somewhat more conserv- 
ative members of the profession. I am 
still not sure whether it is the estimate 
tself or simply the audacity of a non- 
ishery biologist in making such an 
stimate that has been challenged by 
dverson, Longhurst, and Gulland. 

Alverson, in a recent paper (2), com- 
iled a table which included 17 esti- 
ates of annual fish production in the 
a. Of these, all but two were 200 mil- 
in tons or less and all but six were 
5 million tons or less. The statement 
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that my estimate "falls at the lower end 
of the range" is therefore not correct. 

I had considered my estimate of the 
potential yield of the entire ocean neith- 
er original nor very interesting. Where 
I had hoped that my contribution to 
originality might lie was in the break- 
down of the potential yield into the 
three regions or "provinces" of the 
ocean, showing that most of the fish are 
produced in a very small area and that 
most of the ocean is biologically im- 
poverished. To this concept Alverson 
et al. do not address themselves in any 
serious way. Some of their comments 
are certainly correct; others seem illogi- 
cal. (For example, the statement "It is 
common for many species of fish to 
attain the maximum weight potential 
before the species reaches maturity and 
relatively early in its life span" seems to 
say that many species attain maximum 
weight before they are full-grown. The 
sentence that follows-"In fact, for 
adults, the weight added to the popula- 
tion in any time period is often ex- 
ceeded by losses due to natural mortal- 
ity"-would appear to imply that adult 
fish cannot persist in the population, 
since they are dying faster than they are 
being recruited.) None of the com- 
ments affect the basic argument of 

my paper. 
Several of the literature citations are 

quoted out of context or are otherwise 
misleading. Let me give three examples. 
Cushing, obviously using quite different 
criteria, did in fact identify a much 
larger total area of upwelling than I did. 
He went on to conclude, however: 
"Taking all upwelling areas, the produc- 
tion of fish and squid may be as much 
as 120-130 million tons. If we assume 
that one-third to one-half can be taken 
by fishing, then a potential catch of 
40-60 million tons is available." My 
estimate, before rounding of numbers, 
was a production of 120 million tons 
from all the upwelling regions, of which 
half, or 60 million tons, might be avail- 
able to fishing. 

I was mistaken in including cod 
among the species of the Northwest 
Atlantic that have been designated for 
regulation. Only haddock, after its near 
extinction, has belatedly received that 
protection. It is interesting, however, to 
compare the rather optimistic statement 
of Alverson et al. concerning that fish- 
ery with a statement of R. L. Edwards 
(whom they cite): "This increased ex- 
ploitation has had its direct effects. 
Some of the fisheries are out of busi- 
ness; others are barely maintaining 

themselves. . .. The scientific evidence 
is clear cut. The overall abundance of 
those species taken with an otter trawl 
has dropped 40% in four years." The 
years in question are 1964 to 1967. In 
the same paper Edwards quotes H. W. 
Graham, director of the Bureau of 
Commercial Fisheries Laboratory in 
Woods Hole, as follows: "Our conclu- 
sion at the moment is that the North- 
west Atlantic on the whole is in a heav- 
ily exploited state and that we cannot 
expect any substantial increase from the 
area in the future." And Gulland him- 
self has recently stated (3), "At the time 
of the United Nations Scientific Con- 
ference on the Conservation and Util- 
ization of Resources held in 1949 at 
Lake Success . . . the Conference pro- 
duced a map showing some 30 stocks 
then believed to be underfished. Of 
these stocks about half are now in need 
of proper management, including cod, 
redfish, and herring in the North 
Atlantic... ." 

Finally, Alverson et al. refer to the 
effort by the Food and Agriculture Or- 
ganization of the United Nations to esti- 
mate the potential harvest of fish from 
the world's oceans, implying that its 
study, when completed, will result in an 
estimate much higher than mine. The 
Committee on Fisheries of FAO, who 
were responsible for this study, issued a 
report in April 1969 (4) that included 
a table with the heading, "Fish catch 
(1965) and estimated world potential by 
marine area and species." The species 
headings are "large pelagic," "demersal," 
"shoaling pelagic," "cephalopods," and 
"crustaceans." The total world poten- 
tial given in this table is 120 million 
tons, precisely the same as my estimate 
before rounding the numbers. True, the 
committee did not include "a whole 
range of small fishes" not presently har- 
vested. Neither did I, on the assumption 
that such species are too small and too 
widely dispersed in the sea to be eco- 
nomically harvestable and useful to 
man, and that, in fact, they are a part 
of the food chains that support those 
larger species already being utilized. 

JOHN H. RYTHER 

Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 
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