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ABSTRACT 
A conceptual framework is developed for inter- 

actions among the diverse groups involved in oper- 
ational fisheries oceanography: fishing industry, 
basic and operational researchers, and tactical and 
strategic stock assessment managers. These inter- 
actions originate in a need for accurate and timely 
information, information so complex and diverse 
that no single sector of the community can effi- 
ciently and economically satisfy its own information 
requirements. Some methods of gathering and ana- 
lyzing presently available remotely sensed data to 
provide such information are discussed. 

RESUMEN 
Se desarrolla un marco conceptual de las interac- 

ciones entre 10s grupos que participan en 10s aspec- 
tos operativos de la oceanografia pesquera: industria 
pesquera, investigadores “bisicos” e investigadores 
enfocados en aspectos operativos, y administra- 
dores de la evaluacibn de 10s “stocks”, ticticos y 
estratkgicos. Las interacciones se originan de la ne- 
cesidad de informacibn precisa y oportuna; la infor- 
macibn es tan compleja y diversa que ningiin sector 
de la comunidad por separado puede satisfacer de 
manera eficiente y econbmica sus propios requeri- 
mientos (de informacibn). Se discuten algunos de 
10s mttodos actuales de colectar y analizar 10s datos 
usados para proveer la susodicha informacibn; 10s 
datos se obtuvieron de sensores remotos y se en- 
cuentran disponibles actualmente. 

INTRODUCTION 
Since about 1979, remote sensing has played an 

increasing role in both the management and utiliza- 
tion of marine fisheries. Remote-sensing products 
have been used to (1) assist both the commercial and 
sports fishing industries in harvesting fish from the 
sea (e.g., Svejkovsky 1989); (2) provide marine re- 
source managers with information useful for assess- 
ing the survival of fish eggs and larvae to the juvenile 
stage within a given year class (e.g., Pelaez and 
McGowan 1986; Simpson 1987); and (3) indicate the 
onset of major interannual events (e.g., E N S 0  and 

associated mid-latitude warming events) that may 
threaten a local fishery (e.g., Fiedler 1984). Likewise, 
there has been an increased awareness of the impor- 
tance of both remotely sensed and in situ environ- 
mental data for understanding the scientific basis of 
marine fisheries (e.g., Lasker 1975; Parrish et al .  1981; 
Leggett 1984; Simpson 1987), as well as for the intel- 
ligent management (e.g., Tillman 1968; Ushakov 
and Ozhigin 1987), and use (e.g., Laevastu and Bax 
1989; Hogan and Clarke 1989) of the marine fisheries 
resource. Moreover, recent advances in data acqui- 
sition, digital mass storage of data and communica- 
tions technologies, coupled with more powerful 
analysis methods, indicate that satellite and environ- 
mental oceanography will play a considerably ex- 
panded role over the next decade in all aspects of 
marine fisheries, especially in terms of near-real- 
time support of actual fishing activity. This paper 
presents some of the benefits to be gained from the 
increased use of remote sensing in operational fish- 
eries oceanography. 

AN INTERACTION MATRIX 
In this section an attempt is made to describe 

some activities of the various sectors of the opera- 
tional fisheries oceanography community (i.e., fish- 
ing industry, tactical and strategic stock assessment 
managers, and basic and operational researchers) 
and to identify common needs and linkages between 
these sectors. 

Fishing Industry 
The fishing industry’s primary concern should be 

to harvest economically a given resource from the 
sea in such a way as to insure its continued, long- 
term use (figure 1). Thus, the fishing industry 
should constantly try to optimize catch per unit of 
effort without jeopardizing the fecundity of the 
stock. Unfortunately, this has not always been the 
case: in some circumstances (e. g., the California sar- 
dine fishery) the desire for short-term economic 
gain, coupled with inadequate resource manage- 
ment and an inability to properly observe and rec- 
ognize early, major, interannual, environmental 
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Figure 1. Conceptualization of the various sectors involved in operational fisheries oceanography and some of the functions performed by each 

changes in the fishery (e.g., the 1940-41 E N S 0  
mid-latitude warming event), has led to the collapse 
of a fishery. 

Most offshore fishing can be profitable only on 
aggregations such as shoals, or where the density of 
fish per unit area is high (Laevastu and Bax 1989). 
Fish aggregations may be purposeful (i.e., for 
spawning), or may be associated with feeding and 
migration. Major environmental factors that tend to 
produce aggregation are temperature, coastal and 
bathymetric boundaries, currents, and salinity. 
Thus, fish often aggregate near oceanic fronts; that 
is, at boundaries between water types and currents. 
Satellite data and modern methods of digital image 
analysis make it possible to accurately detect the 
near-surface expression of these boundaries, follow 
their evolution in space and time, and determine the 
velocity and current shears associated with them. 
Advances in communications technology make such 
information available in near-real time to help op- 
timize fishing operations. Remotely sensed data also 
can be used to monitor storms and, in polar regions, 
to identify sea ice-ocean boundaries. These latter 
two analyses can lead to a safer fishing environment 
(e.g., in the North Atlantic cod fishery). 

Most captains of fishing vessels do not have the 
time or training to obtain and analyze, in a state-of- 
the-art fashion, satellite or in situ oceanographic 
data. Moreover, the economics of fishing, of which 
the need for prorated capitalization (e.g., vessel, 
processing plant costs) is only one factor, should 
motivate commitment to conservation on the part 
of the fishing industry (figure 1). This commitment 
to conservation can be effective even if it is better 
expressed as a desire on the part of the fishing indus- 

try for good (Le., technically sound and informed) 
counsel from stock assessment managers. Ulti- 
mately, the quality of such counsel is critically de- 
pendent upon the availability of reliable, near-real- 
time data on catch: data that can come only from the 
fishing industry. Thus the exchange of accurate in- 
formation between members of the fishing industry 
and stock assessment managers represents the only 
practical way to insure a long-term, economically 
viable fishery. Efforts must be made to educate the 
fishing industry of the benefits to be obtained from 
such an exchange of information. 

Fisheries Man age m en t 
Fisheries management often consists of groups of 

fisheries biologists and stock assessment personnel 
who are required to monitor or predict fish stocks 
and recommend total allowable catch (TAC) on a 
species-by-species basis (figure 1). The basis for 
management of a given fishery usually involves an 
estimate or prediction of mortality and/or recruit- 
ment. (Recruitment is taken as a measure of variable 
year-class strength established by the time of the 
juvenile stage.) The ratio of the importance of the 
two measures (mortality vs. recruitment) is species 
dependent, with relative importance being deter- 
mined largely by how long the fish lives. For squid, 
which live for only one year, recruitment is the key 
to management success; for rockfish, which live to 
70 years and hence have many year classes in the 
fishery, recruitment data are tactically less important 
than mortality data for good management of the 
stock. 

Accurate estimates of either mortality or recruit- 
ment are difficult to make because data are limited 
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and the scientific basis for the tactical estimate is 
uncertain. For example, observationally based esti- 
mates of mortality are often determined empirically 
(e.g., Reed et al. 1989), depend upon assumed or 
measured patch size (McGurk 1986), and may have 
regional dependencies. Such estimates describe only 
observed change and do not distinguish between 
contributions from physical processes (e. g., advec- 
tion, temperature) and mortality; thus a decrease in 
concentration can serve as an estimate of mortality 
only if one assumes no significant physical change 
(Reed et al. 1989). In general, however, such an as- 
sumption is not likely to be valid. For example, ad- 
vection affects both mortality and recruitment 
because it can carry eggs and larvae into areas poor 
in food, rich in predators, or both. Conversely, 
water movement can carry eggs and larvae into areas 
rich in food, poor in predators, or both. The precise 
effects of water motion on a biological population 
depend upon the detailed phase relation (where and 
when) between the space-time history of the popu- 
lation and the environmental factors that form its 
habitat (Simpson 1987). English sole off Oregon 
(Kruse and Tyler 1989) and the cod fishery of Hecate 
Strait, British Columbia (Tyler and Westrheim 1986; 
Tyler and Crawford 1991) illustrate the importance 
of transport. 

Spawner-recruitment models also have been used 
to estimate fish mortality between spawning and 
recruitment (e. g., Rothschild 1986). Wooster and 
Bailey (1989) point out that the most common 
models are those of Richer (1954) and Beverton and 
Holt (1957); both models contain density-dependent 
and density-independent terms. The density-depen- 
dent term, through compensatory mortality, has the 
effect of reducing recruitment with increasing stock 
size. Although compensatory mortality acts on new 
recruits in both models, the mechanism of interac- 
tion is interpreted differently. The Richer model 
emphasizes the role of predation (e.g., predators and 
cannibalism), whereas the Beverton and Holt model 
emphasizes starvation (i.e., pre-recruits increase 
with increasing spawner abundance, but the amount 
of available food per fish decreases). The underlying 
assumptions of such models, however, are far from 
universally accepted. Jones and Henderson (1985) 
conclude that, in general, little evidence exists for a 
significant relation between spawners and recruits in 
fish species. Other studies (e.g., Hollowed and Bai- 
ley 1989; MacCall 1990) find some density-depen- 
dent spawner-recruit relations but have difficulty 
separating these relations from density-independent 
effects. Thus the job of stock assessment managers 
to establish, on a species-by-species basis, realistic 

and profitable TACs to ensure resource fecundity is 
an unenviable task limited by both inadequate near- 
real-time observations and an inadequately devel- 
oped scientific basis for management. Present and 
planned remote-sensing instrumentation, improved 
methods of digital image analysis, and the develop- 
ment of meaningful environmental/ biological in- 
dices using satellite data (i.e., those that relate 
directly to stock assessment) provide a means of 
mitigating one of these handicaps; namely, the lack 
of adequate, near-real-time observations. 

Mortality and recruitment data, however, are not 
solely related to the conservation side of stock man- 
agement. In fact, accurate estimates of both mortal- 
ity and recruitment can help insure more efficient 
harvesting of a given stock through improved esti- 
mates of abundance (e.g., Wooster and Bailey 1989). 
Stock assessment managers should use this latter 
relation to educate and encourage the fishing indus- 
try (i.e., it’s in their own best interests) to provide 
accurate catch statistics for management use. 

Finally, a distinction should be made between tac- 
tical and strategic management of a given fisheries 
resource (figure 1). Tactical management (e.g., Me- 
grey and Wespestad 1990; Stocker and Leaman 1990; 
Anthony 1990) estimates stock size for the current 
year, forecasts recruitment, and analyzes catch rates 
and events in the fishery. This information is used to 
decide on quotas, establish allowable fishing areas, 
and determine the opening and closing times of the 
fishery. Strategic management (e.g., Cook and 
Copes 1987; Murphy et al. 1990; Zhang and Gun- 
derson 1990) is concerned with mesh size, optimal 
fishing mortality given growth and natural mortality, 
optimal stock size for maximal recruitment, and 
how to handle errors in measured data and derived 
fishing indices. Clearly, a well-managed fishery is 
guided by closely coordinated tactical and strategic 
stock assessment decisions. 

Research 
Research activity can broadly be divided into 

basic and operations research. Both require environ- 
mental information and catch statistics that, in part, 
must be supplied by the fishing industry (figure 1). 

Basic research addresses questions that can pro- 
vide a better scientific basis for operational fisheries 
oceanography. Clearly, improved understanding of 
the environmental and biological processes that in- 
fluence both recruitment and mortality is a central 
concern of basic fisheries research - a concern that 
relates directly to both the tactical and strategic 
needs of stock assessment (figure 1). For example, 
basic research must develop a theoretically sound 
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means for determining the temporally and spatially 
varying relative importance of advection (e.g., Par- 
rish et al. 1981; Simpson 1987) vs. starvation (e.g., 
Hjort 1914; Lasker 1975) vs. predation (e.g., Hunter 
1981; Parsons et al. 1984) in the recruitment process 
of a given fishery. Also, methods need to be devel- 
oped for separating the effects of density-dependent 
vs. density-independent factors in spawner-recruit- 
ment models used to estimate mortality. Basic re- 
search advances in these two areas alone will directly 
improve the ability of stock assessment personnel to 
develop better strategies and improved tactical in- 
dices for monitoring and managing a given fish 
stock. 

The examples cited above are only two of the 
many fundamental environmental-biological ques- 
tions that need to be studied if the complex interac- 
tions between fish and environment are to be clearly 
understood. Basic questions such as these, however, 
require a broad spectrum of research activity for 
proper resolution: (1) process-oriented experiments 
(e.g., Checkley et al. 1988; Rose and Leggett 1988); 
(2) laboratory studies (e.g., Theilacker 1986); (3) nu- 
merical models (e.g., Murdie and Hassell 1973; 
MacCall 1980); and (4) biogeographic and popu- 
lation dynamics studies (e.g., MacCall 1990). 
Remote-sensing analyses can provide real-time 
guidance for process-oriented experiments, some of 
the initial and boundary conditions needed by nu- 
merical models, data for validating the prognostic 
capabilities of such models, and data useful in bio- 
geographical and population dynamics studies of 
marine fishes. 

Operations research is concerned with the design 
of data structures that can provide an efficient and 
compact representation for environmental and bio- 
logical data used in operational fisheries oceanogra- 
phy (figure 1). Such data structures are required to 
meet the ever-growing near-real-time support needs 
of a typical operational fishery, especially given the 
constraints and costs of present-day ship-to-shore 
communication networks. These data structures, in 
turn, are needed to build data bases to be used in 
developing and validating operational products use- 
ful to the community. 

Operations research has many activity areas. This 
diversity is largely determined by the near-real-time 
needs of both the fishing industry and marine re- 
source managers for data (e.g., catch statistics) or 
for operational products derived from data (e.g., 
sea-surface temperature charts) or models (e. g., 
wind-field analysis, marginal ice-zone analysis, fish 
mortality and recruitment analysis). Thus opera- 
tions research activity includes, but is not limited to, 

real-time data acquisition (e. g., satellite data); ar- 
chiving and distribution (including near-real time 
and ship-to-shore) of processed data sets to support 
fishing activity; and the design and implementation 
of computer-assisted decision-making tools to help 
prevent information overload to bridge personnel. 
Operations research also should provide the focal 
point (figure 2) for the collection of information 
from the fishing fleet (e.g., length of fish, gonad 
statistics, infestation data) and the subsequent distri- 
bution of this information to other sectors of the 
fisheries community (e.g., stock assessment person- 
nel). Moreover, this information provides the basis 
for both the validation and refinement of operational 
products supplied to the fishing fleet and for the 
development and refinement of basic research 
concepts. 

Community Interactions 
The basis for interactions among the various 

sectors of the operational fisheries oceanography 
community is a need for accurate and timely infor- 
mation. The information is so diverse and complex 
that no single sector of the community can effec- 
tively and economically gather all of the information 
it needs. In a very real sense, the information imper- 
ative translates into a pragmatic necessity; the var- 
ious sectors will hang together (i.e., communicate 
and share data) or hang separately (not meet their 
respective objectives). The vehicle for interaction is 
a communications network. Operations research, 
by virtue of its functions (figure 1) and its position 
within the framework of the entire community (fig- 
ure 2), is the logical sector to develop and maintain 
the communications network. These are the prem- 
ises under which the following matrix of interac- 
tions for an operational fishery was developed. 

The fishing industry uses information at two pri- 
mary levels: (1) the executive team and (2) the cap- 
tain, or skipper-group (Hogan and Clarke 1989). 
The executive team (figure 1) uses information to 
formulate strategies, policies, capital investments, 
and other corporate decisions that affect the socio- 
economic life of a fishing region (e.g., the New- 
foundland cod fishery). These corporate decisions 
and actions are made within the framework of esti- 
mating the opportunities deemed to exist in the 
resource (i.e., the regional fish stocks) and the envi- 
ronmental factors governing their exploitation. 
Thus the fishing industry is critically dependent 
upon the stock assessment sector of the community 
to properly set TACs. A TAC that is set too high can 
result in an underutilized stock and probably eco- 
nomic hardship for the fishing region. Likewise, a 
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TAC that is too low can result in an overutilized 
resource with potential long-term ecological and 
economic damage to the regional fishery. The cap- 
tain, or skipper-group (figure 1) needs near-real- 
time information to make decisions and implement 
actions that affect the safety of crews and the effi- 
ciency of the fishing effort. 

Traditionally, the fishing industry has been per- 
ceived as the “consumer” of information; the indus- 
try’s potentially important role as a data source for 
the rest of the community has largely been ignored 
(figure 2). A fishing vessel, which is at sea for well 
over 200 days a year, is virtually a floating informa- 
tion-collection platform (Hogan and Clarke 1989). 
At the least, estimates of catch per unit of effort can 
be made from fishing industry data. But the pros- 
pects for additional information are more exciting. 
Consider the Newfoundland cod fishery, in which 
cod are normally eviscerated upon catch. Eviscera- 
tion makes it possible to collect gonad statistics and 
to estimate predator-prey relations; for example, 
cod gut contents (redfish, capelin, or sand lance) can 
be determined, and fish preying on the cod are 
hauled in with the cod and can be counted. Infesta- 
tion data, discards of other biota, sightings of ceta- 

ceans, the activity of foreign vessels in the regional 
fishery, and environmental data are additional types 
of information that other sectors of the fisheries 
oceanography community can glean from the fish- 
ing industry. 

Both the strategic and tactical aspects of fisheries 
management need environmental and biological 
information. Strategic management issues (e. g., 
mesh size, estimation of optimal stock size, opti- 
mal fishing mortality, adult behavioral studies, 
and recruitment research) directly involve some as- 
pect of operational fisheries oceanography. Tactical 
management issues - e.g., gathering indices of re- 
cruitment and mortality including ocean model pre- 
dictions, survey design and covariates analysis, 
interpretation of events (varying catch rates) in the 
fishery caused by environmental factors (e.g., 
E N S 0  activity in the Northeast Pacific or severe 
winters in the Northwest Atlantic) - also require 
large amounts of high-quality environmental and 
biological data. 

At present, the strategic side of fisheries manage- 
ment uses significantly more data than the tactical 
side. The tactical side of fisheries management, 
however, can reduce risk and uncertainty in a given 
fishery by more aggressively incorporating various 
oceanographic indices (developed in cooperation 
with basic fisheries research efforts) into assessment 
analyses. Remote sensing products developed 
within the context of operations research provide a 
basic source of information for such indices; planned 
instrumentation for the 1990s (e.g., SeaWiFS, 
MODIS) will expand this capability. The potentially 
diverse sets of fishing industry and historical data, 
collected and distributed via a communitywide 
communications network developed and main- 
tained by operations research efforts, provide an- 
other source of data for developing and evaluating 
tactical fishing indices. 

Two primary goals of basic fisheries oceanogra- 
phy research are (1) to provide a better scientific 
basis for both the use and management of an opera- 
tional fishery; and (2) to develop improved algo- 
rithms and analyses for efficiently representing the 
state of a fishery from the large, diverse, and com- 
plex data sets needed to understand that fishery. 
Within this context the need for high-quality envi- 
ronmental and biological data is clear. Ultimately, 
the objective should be to translate advances in basic 
fisheries research into operational products that can 
improve both the use and management of the re- 
source. Such products normally would be devel- 
oped, evaluated, distributed, and maintained by 
operations researchers working in close collabora- 
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tion with the fishing industry and stock assessment 
managers. 

The communications network, complete with 
products, historical data bases, current data bases, 
satellite data, and geographical reference data, pro- 
vides feedback mechanisms for the entire opera- 
tional fisheries oceanography community (figure 2). 
Operations research centers, funded jointly by gov- 
ernment and industry, must be created to develop 
and maintain the required data bases, operational 
products, and communications network. These 
concepts, together with an extensive set of examples 
using remotely sensed data, are discussed in Simp- 
son 1992, MS’ and the references contained therein. 
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