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The use of satellite remote sensing to provide synoptic measurements of the ocean is 

becoming increasingly important in fisheries applications. Variations in ocean conditions play key 

roles in natural fluctuations of fish stocks and in their vulnerability to harvesting. Information on 

the changing ocean, rather than on average ocean conditions, is necessary to understand and 

eventually to predict the effects of the marine environment on fish populations. The evolving 

capabilities of satellite sensor and data-processing technology, combined with conventional data 

collection techniques, provide a powerful tool toward ensuring the wise use of living marine 

resources. 

Laurs and Brucks (1985) review fisheries applications of satellite oceanic remote sensing in 

the United States. Examples of recent and potential uses of satellite imagery in U. S. fisheries in the 

eastern North Pacific are given in Fiedler et al. (1985). Yamanaka (1982) describes the utilization of 

satellite imagery in Japanese fisheries. Gower (1982) gives an overview of the different kinds of 

remote sensing data relevant to  fisheries science and oceanography, and Montgomery (1981) 

discusses the utility of satellite imagery to ocean industries. including fisheries. 

Satellite Data Sources and Limitations 

Satellite remote sensing applications in U. S. fisheries have concentrated on the measure- 

ments of ocean temperature and color, and computation of ocean transport based on satellite 

measured wind stress. 

Ocean temperature 

Virtually all fisheries studies employing satellite ocean temperature measurements have 

utilized imagery from thermal infrared sensors. The advanced infrared sensors, notably the 

Advanced Very High Resolution Radiometer (AI-HRR) aboard the TIROS orbiting meteorological 

satellites, are characterized by high sensitivit) in narrow wave lengths. fine ground resolution. and 

an extensive data archive (Fiedler et al.. 1985). These sensors yield high quality data which except 

for some limitations. meet the requirements for most fishery investigations (Laurs. 1985) 
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There have been a very limited number of attempts to apply ocean temperature measure- 

ments made from microwave instruments aboard satellites to fisheries studies. These attempts have 

been only marginally successful, mostly because of the large footprint of the measurements and the 

contamination of the data in the vicinity of land. However. an adequate evaluation of the utility of 

satellite microwave ocean temperature measurements in fisheries problems has yet to  be conducted. 

Efforts to do so have been hampered because of difficulties in obtaining microwave temperature 

data and lack of high speed data processing capabilities to process it (Niebaur. pers. comm.) 

Ocean color 

The Coastal Zone Color Scanner (CZCS) on board the Nimbus-7 satellite, launched in October 

1978, is the first sensor in orbit that is specifically designed to measure ocean color (Hovis et al.. 

1980). The CZCS is capable of measuring very subtle variations in water color resulting primarily 

from variations in phytoplankton concentrations. Ocean color measurements from the CZCS are 

being used in fishery resource applications to determine the locations of oceanic fronts, effluents, 

and water masses ; to determine circulation patterns ; and to make quantitative measurements of 

chlorophyll and sestonic concentrations. 

Ocean winds 

The scatterometer (SASS) aboard the Seasat-A satellite provided data which demonstrate the 

importance to fisheries of high resolution surface wind stress measurements made from space. Wind 

stress measurements made by satellite can be used to calculate ocean surface layer transport, which 

controls the distribution of karval stages and the subsequent recruitment and harvests of many 

marine fishes and shrimps (Brucks et al.. in press). Satellite measurements of winds are also 

important in the detection of wind conditions that affect the safety and performance of fishing 

vessels at sea. Although the data record of satellite measured winds is very limited as a result of 

the unfortunate premature failure of the Seasat satellite, extensive global coverage of oceanic 

surface winds will be made by satellite systems planned for launch in the late 1980s. 

3aio  limitations 

The major inadequacy of present satellite sensors that make measurements in the visible and 

infrared bands is that the>- can measure sea surface temperature and ocean color only through a 

cloud-free at.mosphere. This has hampered the utilization and acceptance of satellite technology in 

fisheries research and fish harvesting applications because many important fisheries are located in 

areas which h a w  dense cloud cover much of the time. 

Fiedler et al. (1985) examined the seasonal and areal distribution of cloud conditions over the 

eastern Korth Pacific and discussed the probabilities of conditions suitable for satellite coverage. 

They found that off the coast of BaJa and California from latitude 30 to 3FN the most favorable 

conditions for remote sensing are from October through April, whereas a dense layer of low stratus 
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clouds covers the coastal waters during the summer upwelling season. Off the coast of northern 

California, Oregon, and Washington from latitude 40" to 50" the best conditions for remote sensing 

occur from August to October. North of latitude 50"N mean cloud over increases and is consistently 

70% or greater in the Gulf of Alaska although March and April may be relatively clear. 

Another draw back to satellite infrared temperature and ocean color measurements is their 

restriction to the upper most layer of the ocean surface. Although AVHRR measurements are often 

representative of general temperature conditions in the upper mixed layer (Bernstein, 1977), many 

important species live below? the thermocline or on the bottom, where temperature patterns are not 

necessarily apparent at the surface. Another shortcoming of infrared imagery is that its use to 

detect fronts in open ocean areas may be limited to periods prior to the onset of seasonal warming. 

The use of ocean color imagery from the CZCS can often circumvent this problem (Laurs et al. 1984). 

In spite of the limitations noted, data from the CZCS and advanced infrared sensors on 

satellites meet the general needs for many fisheries applications. The development of reliable 

microwave radiometers that can measure sea surface temperature with high resolution through 

clouds, along with advanced infrared sensors, however, is required to make full utilization in 

fisheries of ocean temperatures measured from space. 

IVhile the requirements of satellite Sensor measurements for fisheries appiicarions have been 

treated extensively (e. g.. Sherman, 1980) specification of requirements for ground processing and 

data delivery systems have been neglected and require further development. There are pressing 

needs to increase the availability of ocean measurements made by satellite for use in fisheries 

applications. In some cases, direct reception and processing of the satellite data are required. In 

others the routine distribution of earth-located and geographically rectified charts of level 3 data 

will suffice. 

Use of Satellite Measurements in Fisheries Research 

Variations in environmental conditions affect the recruitment, distribution, abundance, and 

availability of fishen resources. I t  is not possible to measure remotely from satellites the entire 

spectrum of information needed to a s s e s  changes in the marine environment. However. knowledge 

of important oceanographic conditions and processes affecting fish populations may often be 

deduced using ocean measurements made by satellite. e. g.. distribution of surface isotherms, 

locations of oceanic frontal boundaries. information on currents and circulation patterns. regions of 

upwelling. and so on. 

Measicwnicnf of muniic .t%h habitat 

Ocean measurements made by satellite remote sensing can be extremely useful in defining the 

distribution of marine fish habitats Lasker et al (1981) and Fiedler (19831 have demonstrated that 
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the northern boundary of northern anchovy spawning habitat in the Southern California Bight may 

be delimited using AVHRR imagery from NOAA polar orbiting satellites. In general, the northern 

extent of spawning in the Bight and the offshore extent of spawning north of Santa Catalina Island 

are limited by cold, upwelled waters advected south of Point Conception. The cold waters are 

readily evident in satellite infrared imagery of the region (Fig. 2). The southern limit of spawning 

may be defined using Ocean color measurements made by the CZCS aboard the Nimbus-7 satellite 

showing low chlorophyll concentrations (Fiedler, 1983). 

The distribution and availability of albacore tuna off the west coast of the United States have 

been found to be related to  oceanic fronts seen in AVHRR infrared and CZCS imagery (Laurs et al. 

1984). Commercially fishable aggregations of albacore are found in warm, blue oceanic waters near 

temperature and color fronts on the seaward edge of coastal water masses (Figs. 4 and 5). These 

oceanic boundary features, which are believed to result primarily from coastal upwelling, are 

clearly observable in satellite imagery collected along the U. S. Pacific coast. The distribution of 

albacore during winter time in regions hundreds of miles off the coast has also been related to sea 

surface temperature fronts, believed to mark the outer boundary of the California Current observed 

in AVHRR imagery (Laurs et a]. 1981). 

The small-scale migration patterns of albacore in relation to oceanic frontal boundaries was 

investigated using ocean color and infrared data collected contemporaneously with observations 

made from ships a t  sea by Laurs and Austin (in press). Nimbus-7 CZCS and NOAA-6 satellite 

AVHRR infrared data were collected in conjunction with field experiments where acoustic 

telemetering was used to track the horizontal and vertical movements of free-swimming albacore, 

and expendable bathythermograph (XBT) observations were made to determine subsurface ocean 

thermal structure. Three albacore were tracked for approximately 24 hr and one for about 15 hr. 

The results showed that (1) totaldistances tracked ranged rom about 40 to 60 km, with all fish 

remaining in the same parcel of warm water that was separated from waters to the north, south. 

and inshore by about a 2°C temperature gradient as shown by infrared thermal imagery ; (2) tracked 

fish spent most of the time in waters within and below the thermocline, and only small amounts of 

time in the upper mixed layer (Fig. 6) ; (3) the fish exhibited marked vertical excursions in depth 

with the range being larger during the day than at night ; (4) the fish spent most time in waters with 

temperatures considerably lower than what has been generally believed to be the preferred tempera- 

ture range for albacore ; and (5) when changing depth, the fish frequently within a 20-min period, 

passed through a vertical gradient of temperature amounting to 6-TC or about 3 times greater 

than the horizontal temperature gradient at the surface indicated by ship measurements and the 

infrared thermal imagery These findings indicate that the reasons tuna aggregate on the warm side 

of surface temperature fronts-an economically significant phenomenon that has been observed on 

scientific cruises and is well known by fishermen . may not be related to thermal-physiological 

mechanisms (Neill. 1976). Instead. water clarity as  it affects the ability of time to detect prey may 
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be in an underlying mechanism. 

Satellite infrared measurements have also been used to trace the development and duration 

of the various bluefin tuna fisheries along the east coast of the United States (Roffer et al. 1982). 

These fisheries follow the movement of seasonal warming of near-surface waters which are 

monitored by observing the northerly progression of the 19-20°C isotherms in satellite infrared 

imagery. Limited success has been achieved during winter months in relating the distribution of tuna 

longline fishing in the Gulf of Mexico with position of the Loop Current deduced from temperature 

frontal patterns observed in Geostationary Orbiting Earth Satellite (GOES) infrared imagery 

(Leming, Internal Report, NMFS and Maul et al., 1984). In summer months after seasonal warming 

has occurred, it is not possible to resolve temperature frontal structure in the GOES infrared 

imagery of the Gulf of hlexico. 

Satellite remote sensing has been an especially important tool during the recent El NiGo for 

monitoring anomalous ocean conditions along the U. S. Pacific coast (Fiedler. 1984a). The satellite 

imagery contains invaluable information for use in assessing the effects of the El NiGo conditions 

on U. S. west coast fisheries. Virtually all of the fisheries were affected in varying degrees, with 

some fisheries showing benefits from the El Nino and others being harmed substantially. Many fish 

populations experienced changes in their distribution and centers of abundances. For example, there 

were shifts in the usual distribution of anchovy spawning which Fiedler (1984b) found could be 

delineated using AVHRR infrared imagery. 

USE of satellite in design of field studies and inte@oretution of ship ahlo 

Another area where satellite data are being used in fisheries research is to assist in the design 

of field studies and to guide research operations on fishery research vessels. This has been an 

extremely important use of satellite data at the National Marine Fisheries Service Southwest 

Fisheries Center. Satellite data are used in planning sampling patterns and cruise tracks, to make 

adjustments in cruise operations while a t  sea, and to assist in the intrepretation of cruise results. 

The use of satellite measurements has markedly enhanced sampling ability, enabling researchers to 

sample the right places a t  the right times and has resulted in considerable savings in time and funds. 

This important application of satellite remote sensing usually requires direct reception and process- 

ing of satellite data in near real time. The cost savings for conducting research can be significant, 

since a single satellite image from data received and processed in a matter of a few hours can save 

days of expensive ship time by locating significant Ocean feature and permitting optimum sampling 

effort (Fiedler et al., 1985). It can be used to validate the interpolation and extrapolation of 

shipboard measurement and as  the basis for interpretation of measurable patterns and possible 

mechanism responsible for spatial and temporal variability observed in shipboard observations 

(LASKER et al. 1981). 
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Potential use of satellite data in fiheries studies 

There are a number of fishery research situations where satellite data can potentially play 

an important part in the future. For example, satellite measurements can provide vast amounts of 

oceanographic data for use in evaluating the status of fish stocks as advanced models for fishery 

stock assessment are developed which incorporate environmental information. Investigations 

concerned with determining interactions between fisheries and pollution are prime candidates for 

the use of satellite Ocean measurements. For example, ocean color and other imagery can be used 

to determine dispersion patterns of waste dumped at  sea. Satellite measurements of ocean chloro- 

phyll also may be extremely useful in studies to model ecosystem energy budget to estimate 

potential fish stock production. 

Use o,f Sotellite Measurements in Fisheries-Aid Products for Fishermen 

Several projects and programs have used or are using satellite-derived ocean data in fisheries- 

aid products which are distributed to U. S. fishermen by a variety of mechanisms, including radio 

facsimile transmission, voice broadcast, U. S. mail, and telephone telecopier. A prime motivation 

leading to the expanded use of satellite observations in fisheries-aid products was provided by the 

Seasat Commercial Demonstration Program sponsored by the National Aeronautics and Space 

Administration/Jet Propulsion Laboratory in Pasadena, California. This program led to the devel. 

opment of an operational Satellite Data Distribution System used to distribute oceanographic 

products to ocean users (Montgomery, 1981). 

Charts showing the locations of oceanic thermal boundaries are derived from AVHRR 

infrared imagery from polar orbiting satellites and are provided to commercial and recreational 

fishermen for use in locating potentially productive fishing grounds along the Pacific coast from 

central Baja California to British Columbia, Canada (Breaker, 1981). Fishermen use these charts to 

save time in searching for productive fishing areas associated with oceanic frontal features-High 

resolution infrared images from the GOES satellite and ship reports are used in the preparation of 

charts for waters off the Atlantic Coast. which are distributed to fishermen and other marine users 

(Chamberlain, 1981). Of particular interest to  fishermen, these charts show the outer limit of the 

shelf water mass. in which many fishery resource species reside. The charts also give information 

on the numbers. sizes. and persistence of warmcore Gulf Stream rings. which can markedly alter 

conditions on the fishing grounds. These charts have been particularly useful to lobster fishermen 

in reducing loss of fishing pots as  a result of strong currents of the Gulf Stream aarmcore eddies. 
Charts based on GOES infrared imagery are also prepared to show the path of the Loop Current in 

the Gulf of Mexico and are used mostly by recreational fishermen (Lowry and Leaky. 1982). 

Experimental ocean color boundav charts based on CZCS imagery are distributed to U. S. 

westcoast fishermen (Montgomery. 1981). These charts delienate strong gradients in the blue,/green 

color ratio (Channel 1 !channel 3 radiances). They are produced at almost weekly intervals depend- 
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ing on cloud conditions. and cover coastal areas up to  700,000 km’ between Guadalupe Island and 

Vancouver Island. Nimbusi CZCS passes along the Pacific coast are collected at the Scripps 

lnstitution of Oceanography (S10) Satellite Oceanography and transmitted by radiofacsimile the 

following day to fishing boats at sea from radio station WTWD in La Jolla. California. Color 

photographs of the satellite images are also distributed by express mail to various fishing ports and 

to Sea Grant marine advisors in daily contact with fishermen The color boundary charts and 

photographs are used primarily by commercial albacore swordfish and salmon fishermen, and 

recreational fishermen in southern California Fishermen use the color boundary charts to locate 

color gradients or “breaks” which are important in determining potentially productive fishing areas 
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