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TERMS OF REFERENCE

Recent discussions within. the Bcean Sciences Board (0SB)
of the National Research Council have considered the
needs for research on the ecological basis for fisheries
management. These discussions revealed the diversity of
questions that arise  in this context. Some questions
relate to external factors such as extension of national
jurisdiction, others derive from studies of ecological
structure. These, in turn, raise questions about the
logistics of research operations ranging fron long-term
monitoring of fish stocks to short-tem studies of small
patches of plankton and fish Tlarvae. Lastly, the
management of the research itself needs to be considered
in preparing coherent.programs in this field.

The 0SB proposed that a small group consider these
questions, first by correspondence and then by a short
meeting. The purpose of the group's activity was to
prepare a position paper for the Board. The group met at
Princeton University, May 14-15, 1979. (We are grateful
to Dr. May for the local arrangements at Princeton.)

INTRODUGTION

The world fish catch-had increased steadily for docades
until, about 10 years ago, it leveled off between 60
million and 70 million tons per year. In many of the
traditional fishing grounds of northern Europe and North
America, the catch of important commercial species has
decreased. The decrgase—fs—especiatty-marked-far_pelagic
fish. such as herring, mackerel, and anchovy, and there
are few of these pelagic stocks in the world's oceans
whose current state does -not give cause for altarm
(Saville, in press). These stocks and some demersal
species have collapsed because of a *combinationsuof
inadequaciﬁ§ﬂjfbmthe”$eient#fi&»advicemava+ﬂabJeWﬂtmithe
timeMWﬁnd”“defﬁciencies*‘in**the——manageMent_vdecisionsm
Resolution of these problems depends on improvement in
both conponents. We are concerned, here, with the former
and with the critical role of increased ecological
understanding in increasing the scientific basis of
advice to management. ,

The knowledge gained from recent changes in areas
such as Georges Bank and the North Sea have underlined
the imp@nbance.nf_jnteractigﬂéﬂberweeh”Tish”Specﬁes? The
desire that future Tamddenént shall be on a multispecies
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basis will require detailed, quantitative information on
these interactions. We wish to optimize the wuverall
yield from an area, but the definition of the optimum
fishing strategy is a complicated mixture of economic and
social factors, as well as bionomic ‘yields. Gceneral
concepts such as "health of the ecosystem” or “maximum
productivity" are insufficient definitions on which to
take action. Thus we must prepare’ for management
decisions based on close interrelations between
ecological, economic, and social criteria.

We have been conscious of other factors--climatic-
changa and -pollution--that, potentially, can alter the
marine ecosystem -and so change the balance c¢f fish
stocks. ~ We .are entering a period in which climatic
variability is likely to be accelerated and in which the
large-scale effects of pollutants must be kept at low or
negligible Tlevels. | Determination—of—-the—-possilite
consequences—for—fish_stocks_is_impartant,~not—only™for
the..commercial—fisheries-but..also_as-a-erttical™index 6f
the likely response of whole marine ecosystems.

These comments stress the essential connegtions
between the problems..of_fisheries.apd_of. the rest of the,
marine-ecosystem. The need for a unified approach arises
both in the practical problems and in the underlying
scientific questions. The large-scale 'perturbations in
fish stocks create important social and economic
problems, but also they can be considered as the
consequences of critical ecological "experiments.” To
deal with these questions, we must bring..together—=the
interest and "abiTities ™ of -a-wide-range..of~disciplines
from-physical-oceanography--to-theoretical-ecology ..in.the—
context™ of -fisheries--science.. Such fintegration will
require a long-term  assurance of suppart if it is to
provide the depth of knowledge to enhance our general
management of the marine environment.

This report outlines some critical ecological
problems centered on fisheries, suggests certain
priorities for future research, and discusses some
aspects of the organization necessary to fulfill these
needs. It is intended as a basis for further and more
detailed consideration of these questions.

ECOLOGICAL PROBLEMS IM FISHERIES MANAGEMENT

For any single fish stock, management is concerned with
the balance between factors that increase the stock size
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F¥GURE l' A dome-+shaped stock-recruit relation combined
with a fishing mortality proportional to stock size gives
a stable equilibrium yield..

and those that decrease it. The former component 1is
divisible into the yearly recruitment to the population
fished and growth of fish thereafter that will tend to
increase the biomass of the stock. The decrease in
numbers may be divided into fishing and ‘"natural"
mortality. The naturat=mortalttyTs~really=a "tatchall
for a whole range of processes occurring at any time
throughout the 1life of the fish, such as death from
starvation in the early, larval phase, predation by other
fish, and disease {Cushing, 1975). :

The - simplest representation ' of these processes
concentrates on recruitment to the commercial phase of
life and the depletion of the stock by fishing. It is
assumed that, at very high levels of stock, competition
for resources will lower recruitment (Figure 1). More
significant, 1in the -present context, at low levels of
stocks there will also be a reduction in recruitment.
This gives the essential shape of the response defining
the rate of increase of the stock. For fishing, the
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simplest assumption 1s that rate of yield is proportional
to stock size -giving a linear relation for the rate of
decrease 1in stock size (Figure 1). ‘here the two curves
intersect, in this very simple representation, we have a
stable equilibrium yield and stock size. By varying the
rate of fishing, this intercept can be. changed and,
potentially, managed to give a maximum sustainable yield.

Actual fisheries methods are much more complex, but
this illustration contains the essence of the reasoring.
Why, then, have certain..stocks~been=~driven-ciose--to
extinction? The majonr-factors—are«related-to~aspects=of
thewecology—of.fish-~populations=that-alter-the~shapewof
thesa-curves.and.produce.major-qualitative~changes.in~the
conclusionse— - .

One factor is the relation of stock size to yield for
a given fishing effort. The linear increase in Figure 1
depends on the assumption that the catch rate changes
proportionately with stock size. - We now know that this
is not true for pelagic fish. - As a consequence of the
migration -and behavior patterns of species such as
herring, the size of shoals may remain approximately the
same and the location of shoals by sonar is nearly as
efficient for a few as for many shoals ({Saville and
Bailey, in press). The effort required: to remove the
Jast hundred shoals may be not much greater than that
required for the first hundred (Paloheimo and Dickie,
1964). Thus the yield curve has a very nonlinear shape

(Figure 2), and we have a second unstable intercept with .
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FIGIRE 2 The recruitiment curve combined with a fishing
mortality relatively independent of stock size gives two
possible "yields. The smaller stock . size yield is
unstable and tends to drive the stock to zero.

the recruit curve. If the stock size decreases to this
tower Intercept, then it will continue to go toward zero
unless there are drastic decreases in the level of
fishing effort. Recovery of the stock may require
cessation of fishing since only by this means can the
process be reversed {Gulland,. 1977). .

The second factor concerns the:- shape of the
recruitment curve. At lower stock sizes, this curve may
also have a more camplex shape, decreasing more rapidly
than the simple illustration in Figure 1 and giving ‘two
intersections, the second of which is, again, unstable
(Clark, 1976). This would produce the same trend for the
population toward Zero unless dramatic decrases or
cessation in fishing are introduced. Such responses at
very low stock levels have bbeen proposed for pelagic
species when they get close to extension levels (UlTltang,
in press).

These modifications of factors controlling stock size
are believed to contain, singly or in canbination, the
essential’ elements of the way in which certain stocks
have been driven near -to extinction by excessive fishing
that has resulted .from new methods of location and
capture.  They-prowida..an illustration _pf.. the. way in
thich __ecoloaical . faciors . _affecting __recruitment,
i1gratian and _ae sregation. ¢an..produce—unaxpected—and
deamatic . chapoes.....fishosiocks. Evidence in support of
these conclusions exists for certain pelagic stocks, hyt
tha-cost—of—oitalditnyg~Tiirs~evidence~was-the-reduction..of
stogk=tevel st nedr 28t - If we are.to benefit from
these "experiments," we must’ recognize the critical role
of .these ecological-components but produce alternative,
and less dramatic, methods of study. It is necessary
that we investigate each of the processes that define the
separate elements making up the curves given in Figure 1.

RECRUITMENT

The factors controlling recruitment are obviousiy
crucial, and we must ¢larify these elements if we are to
determine the general. nature of research needs. Unlike
the simple representation’ of Figure 1, the great
variability In recruitment normally gives graphs in which
we have a cloud of. scattered points (Figure 3, A). The
‘experience with pelagic stocks indicates that, where we
have data on recruitment from continued commercial
fishing on very low stocks {B), we may have an almost
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FIGURE 3 Very schematic representation to illustrate A,
qreat variability normally found 1in yearly number of
recruits for different stock sizes and B, decrease 1in
numbers “of recruits observed at low stock levels when
populations may be in danger.

irreversible trend to very small populations. MWe might
think of this cloud as a single curve with considerable
variance about it or as a “superposttion-of-a~set--of
curves, which.is.determined .by..a..range~of-~environmental
paraneters..(Beddington and May, 1977).  Ultimately, we
would prefer the latter; for the near future, we may have
to accept the large, unknown variance. Perhaps the major
conclusion is that we should not use a single curve for
recruitment, as this fmplies a regularity in nature that
runs cump1ete1y counter to the evidence.

Since only one or two of the 105-106 egqs
released by a female actually recruit to the adult stock,
factors . affecting wmortality must be critical to stock
variations.- We -believe that much of the year-tou-year
variability in (A) arises ultimately from physical
factors but depends more directly on the way 1in which
these physical...factors..affect..the..planktonic...foqd
requirements.<of..prerecruit..laryae_ and, juvenile.stages,.,
Detailed field studies have revealed the mechanisms in

certain stocks such as the North Pacific anchovy (Lasker,
1975; 1978). Simiiar studies are needed in other areas.
Such §tud1‘es may help to. give a longer lead time to the\
yearly .foresasts..ofmrocridtment—required . for—present”
maﬁagameatm.purposeb For a full -understanding of
processes controlling stock abundance, ‘it will be
necessary to separate 'trends due to.alteration in climate
from effects due to fishing and the possible consequences
of pollution. General knowledge of the way physical
factors, ultimately based on climate variations, affect
food supply 1is ]ikely to be of major importance 1in
understand1ng the role of .climatic change.: Jheheavier
the—fishingy—which~dacreases the_average ]ifetime of=the
fishymethe—greatep—the—significance..af year-to-yedrs
variabidkity.

The other main source of nmrta11ty in early life is

Bbredatipn. The larvae and young fish are exposed to a

wide variety of predators ranging from small invertebrate
carnivores to large fish, sometimes of-the same species.
Study of .this predation equires- a knowledge of the
intricacies of the foad web. Changes in recruftment to
certain species in .the:HNorth Sea suggest links with
coincident changes in other fish stocks. Such links have
important consequences for multispecies management (May
et al., 1979; Steele, 1979). The acquisition of these
‘data, however, is necessarily uncontrolled and cannot
cover the extremes of stock size.

We must explore the poss1b1]1ty of using contralled

egosystem experwments to p;gxlﬂﬁnlniﬂxmaLJanﬂnﬂserIVa1
w1Eﬁ‘ﬁr‘rantmvwof”Térval and juvenile fish densities 1in

.relation to variable food and predator concentrations.

The techniques for operating controlled ecosystems have
been developed in’ the Marine- Ecosystem Research
Laboratory (at the University of Rhode Island), in the
Controlled Ecosystem Popu1at1on ‘Experiments (of the
Mational Science Foundation's International Decade of

- Ocean Exploration. program), and in various European

countries. The ability to use these systems for larval
and young fish studies has been demonstrated (Gamble, in
press). They may provide a means of obtaining data at
popu]ation concentrations that we cannot, or dare not,
observe in nature. Such experimental systems not only
provide ., some control over the ecosystem, they also
compress the size of the ecosystems, which, in nature,
can cover large areas of water and long periods of time.
We must take account of these scales when we wish to
consider theoretical ‘or practical studies of fisheries
erosystems.
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STRUCTURE OF ECOSYSTEMS IN SPACE AND TIME

The food  chajns:sin the sea exhibit great internal
diversity through all the interactions between species at
the same, or at different trophic levels. Also, the
prganisms are dependent on the physical structure of
their enviromment, and this, in turn,” has its own
complexity occurring on different scales in space and
time. One way to display both the biological and
physical structure is to plot three main trophic levels
--P (phytoplankton), Z (zooplankton), and F (pelagic
fish)--in terms of their scales of patchiness, or of
migration associated with their life spans (Figure 4).
This picture is simplified and idealized for heuristic
motives to display  the great range of time and space
scales that will be involved in any attempt to cover the
complete food chain P-Z-F (Steele, 1978). -Further, the
earlier discussion has. pointed out the importance of two
other areas in figure 4. Permanent or predictable
frontal systems, where fish aggregate, making them easy
to catch at low population levels, can be represented by
(x). Short-term and unpredictable changes” over
relatively large areas due to weather-induced motions
have major implications for recruitment and occur in the
region (Y) of Figure 4 (Walsh et al., 1978).

1000~ @ ] F
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FIGURE 4 A heuristic presentation of scale relations for
the food web: P (phytoplankton), Z (herbivorous
zooplankton), and F (pelagic fish). Two physical
processes are indicated by X, predictable fronts with
small  cross-front dimensions, and Y, unpredictable
weather-induced effects occurring on relatively large
scales.

This construction of scales and interactions is
intended to display rthe finherent, and probably
insurmountable, difficulties in producing a comprehensive
representation of an ecosystem that contains all the
significant biological - -and physical processes. . The
difficulties are comparable in principle with those in
meteorological forecasting but significantly greater
because of the biological factors. Thus any "model” must
be a major simplification of the real world, omitting or
parameterizing large areas “of Figure 4 to produce a
manageable system--conceptually as well as technically.

Similarly, any field program must select some region
of Figure 4 and cmphasize spatial or temporal sequénces
(horizontal or vertical-lines.on Figure 4). The fish
surveys used for  stock ~assessment are, naturally,
centered -on the scales at- (F) in Figure 4, but these will -
be inappropriate for the study of recruitment processes
or for observations of feeding concentrations at physical
fronts. e

Given these essential limitations, we can either (1)
expand outward from our present techniques for fish
population analyses or -{2) select processes in Figure 4
that we consider critical for the fisheries aspects, and
then define field programs based on these interactions.
These_programs—can, be “1inked with thg_qgggﬂﬁggpigg of
relatively_sinple thepties, which {an.heiegarded 7as,
metaphers_that pay_give.insight—to—eup—appreciation-of
the larger system. Of-course, we should not ignore the
potential use of other ecological concepts, niche theory,
resource  partitioning; bioenergetics, and  optimum
foraging.

THEORETICAL STUDIES

The recruitment processes demonstrate the need tO:EEMde
reTattotiT~bbtween  TI1SH™¢patiesd Considering whole
ecosystems, we believe that the basic productivity of any
region sets limits on the total yield of conmercial
species that can be taken from that region (Steele,
1965). Thus the increase desired 1in size of each stock
considered separately may not be achievable when the
increases are added together {Andersen and Ursin, 1977).
Further, certain species, such as cod, are predators on
other species, such as herring or young haddock, and this
imposes further limitations.
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The problems of -defining~and~quantifying-the. psthway s
of~energy~flow> within a whole marine ecosystem ferm the
basis for major ecological study that.is an essential
prelude for the=3onger~term—mnanagement-.of.multispecies
fisheriks. However, we must consider intemmediate steps
that wutilize ‘present knowledge for more immediate
management purposes.

The basis for, many present stock assessicnts is, tpe

'iﬁEﬁﬁétita\fhbﬂé]'UefiVéd“ﬁ?“BéVe?tbn”und“Hd]t“(1957¥”¥or

thewgrowth'and”ffshing“mortaTity“of'3ing]e“stock:. The
calculations give a yield per recruit for a range of
fishing effort assuming that, as in Figqure 1, the catch
is proportional to the effort, "This theory is combined
with yearly estimates of recruits about to enter the
fishery. The aim is to estimate the effort, which, in
the next year, will give the cptimum yield--or at least
tend in that direction. Thus the estimates combine
year-to-year recruit data with a theoretical estimate of
the long-tewrm equilibrium yield.

We have already discussed the inadequacies or these
faormulations. (1) There s the need to introduce the
ovara1}uﬁenergyomlimitationS"”t\at“”arise”"when"“e]l““the
commercially ~harvested ~species~—arae-considered together,
The gum,of”thawequilibnium.YiGTGSjQﬁ;eacﬁmépéciéd”takph
separately is more than the equilibrium yield that can be
sustalned by the ecosystem.?t (2} \We must recognize that
the very great temporal variability in recruitment
nullifies the concept of equilibrium conditions and
requires the use of “stochdstic" models” that take account
of the risks dssociated with this -variability. (3} The
increasingly efficient technology of location and capture
of fish means that catch per unit effort, for certain
species with particular behavior patterns, diverges
considerably from a linear relation with stock size.

A1  these factors, which are based on greater
knowledge of the cgo]ogy‘Qf“thev§ystcm;“requ1rG"CMchange
in "the way wé. theorize not only for management purposes
but“a1so-tovincreasewounwunderstandinqpof,the_eco]ogic&]
structure. The expansion in our recognition of these
problems has coincided with the development in the
techniques of computer-simulation that can be applied to
ecological questions. It is possible to produce very

*(his factor has been recognized in the "two-tier’ system
operated for Georges Bank, where an overall quota is Tless
than the sum of the individual species quotas.

large ard camplicated “models” which can include hundreds
or thousands -of interactions between fish species and
their envirement.

We have already stressed that even with very large
models,. we camnot hope to have a camplete representation
of the mixture of physics and. biology. A judgment of
appropriate or significant elements is required. We also
need to -decide on the wuses of the model. Large
simulations tend to be opaque, giving little, if any,
insight into the processes that result in' particular
printed outputs.

~ On this basis, we foresee a progress toward larger
and more complex models, but with the rate of evolution
dependent on our knowledge of the underiying processes as
well as on the quality and quantity of available field
data. Thi§~progreﬁa~canwbewmadaujﬁgm*igvera1*direqtions:

1. We have an existing need to elaborate on present
single species models of fish stocks:

2. We should develop models of particular biological
processes like predation which can be used as -huilding
blocks in future, larger systems.

3. We should use simple models as metaphors to
explore general qualitative features of the larger
systems. :

Single-Species Problems

We are concerned here ‘with the nature and the degree of
interaction between one commercial fish species, 1its
competitors, its food supply, and its physical
enviromment. In certain cases, population fluctuations
may be relatively independent of other’ commercial
spacies. Examples would be the anchovy and. menhaden.
For such species, environnental.variations~may._haye a
dominant=role; and the appropriate model could be an
extension of the single-species approach that takes
account of highly variable recruitment and nonlinear
fishing efforts in the calculation of a lTong-term optimum
level of fishing.

Two~Species Problems

In other fisheries probiaﬂs.the daninant interactions may
concern two species.. Thus it has been proposed that cod



and herring yields in the North Sea are related through
the prey-predator interactions between these species
(Andersen~and Ursin, 1977). __Ihe_potential..for-krill
-exploitation-in.the-Antarctic~{May-et=alz;~1979) deperds”
-upan._their_role as food for whales {and other. predators)..
The herring and mackerel stocks off New England appear to
- be interdependent and require joint management (Lett and
Kohler, 1976}. B
These interrelations can be approached from two
directions, as a combination of two single-stock models
linked by specific interactions, or in terms of general
theories about prey-predator or competitive
relationships. A convergence between these two
approaches may be a fruitful means of generalizing the
former and testing the latter. Compared with "whole
ecosystem” models, these proposed developments in theory
are more gradual, but they may be appropriate to the
present  state of our knowledge and to our management
capability (Larkin, 1978). ’

ORGANIZATION

We have noted the need-for..ncreased.study--of~those
ehviromental-and ecological-factors. that relate directl

to~"the~present~{nadequacies>in-=fish~stock. evaluation.
These studies require alternative or new approaches
rather+ than-an- -increase™ in-~present-~field-«work * on
"roautine” . surveys. or..an..increase..in..size.. ofcomputér
models. Models will yield only marginal increases 1in
information without additional, new-kinds-of-observation
The most  important  observations, in  terms  of

contemporaneous utility, are those related to.ecological

physiology “and hehavior~of«fish "at™different-periodsiof
their-1ife cyecle.

We have stressed -the significance of the choice of
appropriate space and time scales for.these observations.
We have emphasized the importance of the intermediate
links in the food chain {the Z of Figure 4), which not
only supply the energy to the higher trophic levels but
through. their variability in space and time (at X and Y
of Figure 4) determine the corresponding variations in
fish distributions.

Our research needs to accentuate the “diagonal" links
between the intermediate levels of the food chain (Z) and
certain scales of physical phenomena (X and .Y). This
will ‘require a different organization of our reseakg@,

Gapdhilitids. At present; much of our work tends to be
olarized -around studies based on primary production (P)
or on general fish-stock -abundance (F).. There are good
historical reasons ” for this division --arising from
limitations in sampling methods. Howev 8 ppen ew..bechnd gues,
fon~phy3+t8?“nnﬁmbivﬂogiuﬁ4~&ampJ@ngmara»énablingwus;tnn
overcome~these=limitations But the ]arigymi§*@lsgud e
to the way inuwhicheoursreseatfhprograms “are -s tructured
and_£fundedw==The*eVofiit{on of organizations that consider
Eheig‘roges E?_%g 9§“f§fiﬁzﬂﬁfthgfiéﬁgﬁ-ﬂ"d~xheﬁh19heﬂf
rophie—tey RIS rES b tive 1y HasTredted a hiatys.jg.the.
_veﬁy*ﬁf?ﬁpﬁﬁire‘mﬁgff§%ﬁﬁ§.agﬁggéggfédﬁé"FééﬂfréJ.‘lﬂnhlg
Further,.there are similar problems in linking the

ecﬁﬂwgfcwr"fﬁmpaﬁen13“1ntn"Tm@‘tUrr@spUnUnnr“mmrhfb~aﬁa‘

, BpliLicaleeaspe ot fmtho—nanagement issuesw{Rothschild

and Forney, 1979).° . Once we accept the concept of
multispecies management, we are faced with the question,
vhatmi{and=how }-doyE~vpttmize We cannot answer  this
entirely in eco]ogita] terms but.must introducemsociate
ApgdrRGODOMT Co vt uesms UChma Sl A EURN—ON—i LV § tNENL o We
must not let an emphasis on ecological aspects result in
a failure " to-: cope effectively with the
confifotsyfinterestmquestions that arise in many marine
fisheries. s T

On this basis we:need to develop ways of bridging the
gap_betveen _the Preseniadnstitubions . comcerned=grth

n g i ot e T ¥ - o : . Wop WX e
mq[]neH,ﬁEEJQQt;mgéﬂﬂjgﬁbQﬁﬁuncOncerned‘~w1th=~ fishery
maragemant’ as  these -are currently defined. A

realiocation of funds 1s not the sole answer, since this
could perpetuate thé dichotomy, albeit with-a different
balance. But funds. do need to be -used:to~stimuldtéthe’
rgquired-CHTTABBYA Lot Furthergmelch“Funding mist have
a relatively Tdng=t8m dSSUrance..so...that. appropriate
pngnamsﬁahdLééTéHf%EﬁsLWf$Tﬁﬁavebtinw*tb-grow'ahd”ﬁdabt
to the joint endeavars. ‘

The means_ for ‘ensuring development of this middle
ground may differ. between institutes, vregions, or
seaboards. The scale of the problems, however, requires
;gmgﬁhingihnr@ﬂthamiﬂn&ﬂncreaﬂemﬂﬂ%#hdivfdua1+contac%s.

€ Initiatives must begin at the agency or:--foundation
lTevel, bytedtawouldsBeLsdnpTiSti#8 46 g rquerthat vie need
only a reallocation:of funds. A process that can develop

Tdewzzecommony “torecol ogy —and: fisheries. s ience-wil |

require the involvement of the scientific societies, the

“ﬁhjygrgiqTes;#?;ngfyintennatinna] commissions, .. and. ., the,

“Hsheriesslabordtdriesiiiive HopeSthis“br{&f report of 4

short meeting may  help~<istimulate...this  process.
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SUMMARY

1.  Fisheries ecology comhines questions of gr§at
scientific interest with problems of significant sncial
1mpoi;. Recent experience in stock assessment indicates
the need - to introduce new theoretical concepts .and
experimental techniques that ‘will increase the ecological
information relevant to management. . )

3. These components must be related to corregpond1ng
social and economic aspects, which become an integral
part of assessment on a multispecies basfs. _

4. "The factors controlling recruitment emerge as
crucial elements dependent not only on physical

.conditions but also on interrelations within the food

web- 5. In. terms of theory, we need to emphasize the
development. and utility of models intermediate between
single species theories and very Tlarge ecosystem
simulations. )

6. Correspondingly, for field and exper1ment§1 work,
we would emphasize the study of processes, particularly
those at space and time scales intermediate betwgen the
study.of fine structure of phytoplankton communties and

-scale fish stock. surveys. ‘
the ]?rgeThe emphasis on research in these iqtermednate
areas relates to the need to develop att1tudg§ and
long-term plans that can bring together the diverse
interests and capabilities required for _such stud1es,
interests - at present divided by organizational barriers
and funding criteria. :

‘Mer. 155, 152-163.
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