
OBSERVATIONS ON REMOTE SENSING IN FISHERIES 

\ illiam II. Stcv'nsotl and j',dward J. Pas ul Jr. 

Th application of aircraft or satellit r -
mot -s nsing systems to th probl ms con
fronting th fishing nations of th world is 
und rgoing int nsive dev lopment. Strangely 

nough, the volution of sensing syst ms to 
acquir information about the ocean surfaces 
has outrun our understanding of the basic 
proc ss s involv d in fish ri sid ntification, 
utilization, or management. This is due to 
rapid xpansion of remot -sensing technical 
capabilities of several countri s ov r th 
past t n years . 

In looking for ways to utiliz this advanced 
t chnology to benefit mankind, some very 
broad assumptions have be n mad , particu-
1arly in the application of remote -sensing 
technology to fisheries. These assumptiol1s 
includ (a) direct application of satellite
acquir d data tofishing operations; (b) direct 
use of oceanographic informa.tion by fisher
m n in their daily activities; and (c) the 
caus - ff ct relationships betw en the ocean 
environment and fish stocks ar understood 
to the point of technical applic ation. These 
assumptions were made by d dicated tech
nicalpeople who recognized a ne d to resolve 
the pressing world fishery problems . Un
fortunat ly, few of these people are able to 
identify the cause -effect relationship of the 
fishery problems . 

This developing technology of remote
s nsing instrumentation from aircraft and 
satellites, as well as advanc d communica
tions and automatic data -handling techniques, 
are providing unique and xciting opportuni
ties to obtain ocean information so rapidly 
that th y were not comprehensible t n years 
ago. The challenge is to convert this mass 
of data to information which can be applied 
to fish ry problems. This articl identifies 
th areas requiring multidiscipline develop
ment of fisheries and th environment of 
fish. 
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Who Can Apply Data? 

Dlr ct applic ation of r e mote - s e nsing data 
to the proble ms of t he fi s herm a n i n a dugout 
canoe is not practical (F igure 1). Dat a from 
remote -se nsing s y ste m must be c onve r ted 
into oceanographic informa tion whic h, i n turn, 
must be inte grate d with extensive bi ol ogic al 
data to unde rstand the status of the liv ing 
marine resource with r e spec t to its env ir on 
ment. Continued use of t his resource will, 
in turn, depend on man's ability to effective ly 
understand and manage the r e source stocks 
within their natural environment. In the 
United States, the lead agenc y for deve loping 
this expertise and f or integrating r e mote 
sensing data with fishery applic ations, is t he 
National Oceanic and Atmospheric Admi.nis
tration (NOAA) form e d in Octobe r 1 97 0 . 
NOAA is concerned with resource e xplora
tion' development, manageme nt , and c on
servation in the oceans. It is also c onc e rne d 
with environme ntal monitoring, pre dic ti on, 
and modification, including living marine r e 
sources, and with d e veloping the c apac ity to 
exercise, ultimate l y , some degree of e nviron 
mental c ontrol. Here , e nvironment m e ans 
the oceans, the atmosphere, and solid e art h . 
We are conc erned with developing the s c ience 
and technology required to e xecute t he s e 
tasks . 

CURRENT ACTIVITIES 

SATELLITE AND AIRBORNE SENSORS 

The prese nt state - of-the -art of r e mote ly 
sensing oceanographic and related fa c tor s 
from satellite s and air c raft platforms has 
provided tools to view s y noptically our natu 
ral resource s on a s c ale not t hought p os s ible 
a short time ago. Wit hin the last dec ade, a 
variety of s e nsor -mounted spacec r aft and 
aircraft, both manne d and unmanne d , have 
provided oce anographic d a t a on the following 
factors: 

l. Water c olor (Ge mini, Ap ollo, a ircraft ) 

2. S a state (air c raft ) 

3. urface winds (air c r aft ) 

4. Se a-sur f a ce temperature ( imbus, 
ITOS, air c raft ) 

5. hlor ophy ll (aircra f t) 

6 . Surface curr nts (. 'lmbus, 
polIo, alrcraf ) 
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mtnl, 

7. Sediment transport (Ap 11, lrcr f) 

8 . Surface salinity (m lilly th 
studies wIth 11ll11ted xp 
from aircraft) 

Sensor systems abo a r d th unmann, d 
ERTS-A (Earth Resources Tl chnol gy ::iat 1-
lite, and the manned Skylab/ bH.J:.P (barth I -
sources Experiment Packag ) sat llit s, to 
be flown in 1972 and 197~, will provid 
thermal and visual imagery applicabl to 
oceanography . The m:ssion of bH.TS-i\, to 
b e followed by E RTS- Bin 1972, is tll ' r p' 1-
tive acqui sition of high resolutIOn multl
spectral data of the earth'ssuI'fac'. 'llH' 
E R TS- A satellite will carry two sensor sys
tems, one a four - channel multisp ctral scan
ner (MSS), and a three -camera H. turn 1 pam 
Vidicon (RBV). A five -chann I MSS is pro
grammed for ERTS-B. Technical ell·tails of 
the sen sin g systems, orbital plan, and 
operational characteristics ar' cov"r d by 
l iterature available fr m ASA . 

Even though ERTS-A and B, Skylah, and 
the ITOS series of satellites are not oceano
gr aphic-data oriented, the inform ti n a~
quired by their respectiv s nsor sys pms 
will be applicable to initiating investigations 
of living marine resourc s. Ii'utur sat{ 1-
lites, such as the unmanned EH.'1 S- Land ]'. 
are expected to carry sensor packag sand 
be programmed for specIfic ocpanograph1c 
investigations as one of their pnm. ry func
tions. In this regard, the OC anographlc and 
fishery communities hav a r spollsibility t 
provide input requirements andtok p 
abreast of remote -sensing t chniqu s nd 
developments, w he the r the platform" b 
satellites or aircraft. 

OCEA OGRAPHIC Ii FORM TIOl 

To date, interpretation of sat Hit 
erat d visual and thermal Imag ry pr ucts 
are of a magnitude 1 'ndll1g thems lv s to 
large -scale, gross oceanographic and m t -
orological phenomena which m:i b r lat d 
to fisheries. The sat Hit -acqulr d data 
ha\'e been us d to delin at upwelhng ar as, 
major current demarcations, s dIm nl rans
port, and 0 her larg -scale surfac f atur s. 
ScrutlnizationoftheseC atur scanb Curh r 
explored with the aid of alr raf 
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Fig. 2 - Sea-Surface Temperature off Oregon Coast (July 13, 19 69 ) from Airborne PRT -5 Radiometer. 



platforms for remote -sensing devices . The 
aircraft-acquired data, providing they are real 
time and convertible to fishery information, 
can become operational information for fish
ermen's use. Conceivably, these data may 
provide characteristics of, and relate to, the 
distribution and abundance of living marine 
resources. 

This overly simplified sequence of eve nts 
culminating in usable information may appear 
to be an ideal system for fishery deve lopment 
and utilization - -but ideal systems are often 
plagued with problems when tested. Two pri
mary problems must be resolved satisfac
torily before any assessment, monitoring, 
and pre d i c t ion progra::n can become an 
efficient reality: 

1. Agreement of the satellite and/ or air
craft-acquired data with conventional oceano
graphic and biological sampling results, and 

2. establishment of the relationship of 
environmental factors to living m3.rine re
sources. 

At present, the problems relating to data 
agreement are being investigated by a few 
fishery researchers. They are doing this 
primarily through conventional acquisition of 
ground -truth information, and by correlating 
these data with satellite / aircraft -acquired 
information obtained via remote -sensing de
vices. The process of correlating data from 
the two major modes of acquisition is costly 
and time consuming, but it is necessary to 
develop reliable and comparable airborne and 
satellite sensor systems. Those sensor 
systems applicable to fisheries are capable 
of scrutinizing only sea -surface phenomena 
with any degree of clarity, and subsurface 
features to an evenlesser degree. However, 
we expect to be able to observe some re
source information down to 100 meters in the 
next 5 to 10 years. 

The second problem, relationships be
tween living marine resource and the environ
mental factors affecting it, is even less under
stood. Toprovide the means for utilizing the 
resource effectively, we must also provide 
for an effective understanding of the complex 
relationship between living marine resource 
and its total environment. 

Information applicable to the solution of 
these problems is being supplied by a few 
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researchers investigating related oceano
graphic and biological phenomena. The fac
tors and indicators of current interest are 
temperature, chlorophyll (color), sediment 
transport, and salinity. Other factors of im
portance' but receiving less concentrated at
tention, are surface and subsurface currents, 
oxygen concentration, sea state, and delinea
tion of subsurface coastal features. 

The measurement of sea-surface tempera
ture has received most attention in sensing 
with satellite and airborne instrumentation. 
This study was given impetus by the results 
attained with meteorological sensing systems, 
primarily infrared radiometers designed for 
cloud studies. Thermal sensors were used 
and discussed by Pearcy and Mueller (1969) 
in a study suggesting a predictable relation
ship between temperature and albacore activ
ities in Oregon waters. Figure 2, from their 
report, is an example of sea-surface temper
ature derived with the use of an airborne 
radiometer. A similar investigation con
ducted a year later, under similar conditions, 
did not support the original results, and 
Pearcy (1971) cited complex and rapidly 
changing sea -surface temperature patterns 
as a reason for the disparity. Additional re
search and mapping thermal variations of 
sea -surface temperature by remote -sensing 
devices are reported by Smith, et al. (1970). 

Through the study of visible and infrared 
color photographic imagery taken aboard air
craft, Gemini, and Apollo flights, Clarke, 
et al. (1970) and Ewing (1971) explored the 
remote-sensing aspects of ocean color as an 
indicator of biological productivity. They 
analyzed the spectrum range of backscat
tered sunlight (Figure 3) from sea-surface 
areas rich and poor in chlorophyll. Kelly 
and Conrad (1969) used color aerial photog
raphy above clear, tropical water conditions 
in their study of shallow water benthos. In 
1971 , Kelly presented results showing the 
method could also be used in turbid, temper
ate waters to a depth of four meters. The 
work of R. E. Stevenson and Nelson (1968) 
resulted in an index of ocean features pho
tographed from Gemini spacecraft. From 
spacecraft-generated photographs of the Gulf 
of Mexico, Lindner and Bailey (1969) cor
related shrimp catch records with turbid 
water distribution. Mairs (1970) provided 
coastal oceanographic and sedimentologic 
interpretation of selected Apollo IX space 
photographs (Figure 4). 
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Fig. 3 - Spectra of Sunlight Backscattered from Chlorophyll-Rich and Chlorophyll
Poor Areas at 2000 Feet. 

The measurement of sea -surface salinity 
by aircraft -mounted r e mote -sensing systems 
is in a theoretical s tage. However, some ex 
perimentation has been done. Droppleman 
and Mannella (1970) u s e d a passive micro
wave radiometric s ensor system in their 
study of salinity variations of the Mississippi 
Ri ver plume. 

The Eart h Re s ources Laboratory (ERL), 
near New Orle ans at the Mississippi T e st 
Facility (MTF), i s investigating sea -surface 
salinity measurements u sing remote -sensing 
techniques. Other remot e -sensing systems 
and research applicable t o fisheries has been 
done and is continu ing by Roithmayr (1971) in 
his work with fish-sch ool i de ntification using 
low-tight-level imager y . Investigations in 
fish-spectral signatures and the possible 
id ntification of fi sh- ge ne rated surface oil 
slicks may provid e m ore fi shery tools. 

Potential applications of remote sensing 
to fisheries have been described by W. H. 
Stevenson and Johnson(1970), Drennan (1971, 
Figure 5), R. E. Stevenson (1970), Maughan 
(1969), and others. 

FISHERIES 

Expansion of world capability to harvest 
the known fish stocks has demonstrated man's 
capability to overexploit them . Some stocks, 
herring and menhaden in the Northwest Atlan
tic Ocean, for example, have been fished far 
below their capacity to produce large, sus
tained, harve stable surpluse s. Current har
vesting and management practices are based 
upon a very rudimentary knowledge of the 
marine ecosy stem . To compound these prob
lems, the use of the oceans as a dumping area 
for man's wastes can pollute the marine en 
vironment, and ultimately reduce its capacity 



Fig. 4 - Oceanographic Interpretation of Apollo IX Photograph AS9-3128. 
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to sustain these resources . This is particu-
1arly dangerous for coastal waters, where in
creasing pollution and other environmental 
modifications occur, and where many impor
tant fish and shellfish resources are found . 

The marine ecosystem is an extremely 
complex system. It consists of many orga
nisms of diverse life forms interacting with 
one another and with the physical environ
ment. The dynamic nature of this system is 
known mostly through conceptual models. 
This is due to the facts that significant bio
logical events in the ocean take place over a 
large scale in time and space - -and the diffi
culty and expense of making observations in 
the sea. The models are not adequate to ac
count for the large natural fluctuations that 
occur frequently in animal populations. Per
haps this should not be surprising because the 
models are based on a patchwork of studies, 
generally unrelated in time and space, and 
usually very limited in scope . 

In particular, there has been a tendency 
to divorce physical and biological oceano-
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graphic studies . Physical oceanographe rs 
have s t re s sed investigation s desi gned to de
termine the processes controlling the l arge 
scale patte rns of oceanic circul ation; by com 
paris on, they have use d re l a tively little 
effort in many areas of hi gh b i ol ogical pro 
ductivity, particularly the coas tal regi ons . 
There, phys ical processes are very complex 
and signifi cant changes in cur r ents, temper 
ature, etc ., occur rap idly. 

For their part, biologists have concen
trated their studies over continental shelve s 
and reg ion s of upwelling, where nutrient 
levels and production of living resources are 
high; g nerally, they have worked without the 
benefit of adequate concurrent studies of the 
physical environment to help determine the 
interactions between the b i otic and nonbio
logicalfactors . New approaches are required 
where both biological and phys ical environ 
mental studies are pursued concurrently . 

Integration of oceanographic and fishery 
resource information is now being attempted 
by several national agencies . The Natural 
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Environme nt R e s e arc h Council (NE R C) of the 
United Kingdom, f or example , i s developing 
a comprehensive program to study the bio
logical/ e nvironme ntal relationships in the 
North Atlantic and North Sea. In the United 
States, a similar national program called 
Marine Resources Monitoring, Asse ssment, 
and Prediction (MARMAP) is unde r d eve l op
m ent. MARMAP will monitor fluc t uati ons in 
the distribution and abundance of vari ou s 
fishery resources and relate the m t o e nvi ron 
mental factors and to exploitation by man. 
Also, it will provide the mechanism to e s tab
lish a comprehe nsive description of othe r 
marine ecosystems in terms of t h e dist ribu
tion' composition, and inte rr e lati ons hip of 
biological communitie s. 

Oceanographic inf ormation obta ine d from 
remote -sensing data c an play a c ritic al rol e 
inthese programs. One example is t he ide n
t ific ation of thermal f ronts obt aine d fr om t h e 
NOAA/ ITOS sa t e 11 i t e s y s tem (F i gure 6 ). 
Photographs , available for direct r e adou t, 
identify the thermal boundarie s in photogr aph
ic form and can b e digitiz ed b y computer. 
However, t he usefulne ss of t his inform ation 
in fisheries other than t o deploy ships is n ot 
well defined. The NFRC and M AR MAP pro 
grams previously m e ntione d include surface 
experime nts t o improve the r e l a ti onship of 
oceanographic data t o fishe r y r e s ou rces. 

The applic ation of r e mote s e nsing to fish 
erie s can b e classed in tw o ge neral areas : 
ecology and utiliz ation. 

Ecological Applications 

Applic'ation of re m o t e se nsing to our 
understanding of t h e ec ology of the ocean 
depends primarily on de v e lopme nt of b i o
environme ntal mode ls . A pote ntial of greatly 
accelerating our l eve l of k nowle d ge exists in 
the ability t o conduct s y n optic s urveys. This 
ne w survey techniqu e it s elf will require a 
conside rable amount of re s e arch and develop
ment--and c once r ted effort n ot to bend the 
results to fi t c lassical p rocedures, but rather 
to use the tw o e l ements to advance the state
of -the-art. C oncurr ently, incomplete models 
of oceanic p r oce sse s mus t be altered or com
plete ly r e s t ructur ed u sing the new knowledge 
from remote -se nsing d at a . Examples of 
pre sent w or k to develop these modifications 
ar e in the Nationa l Environmental Research 
Counc il pr ogram s of Great Britain, the Na
t ional Oce anic and Atmospheric Administra
t ion pr ogr ams in oceanography, the National 
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A e ron aut i c s and Space Admimstration' 
Earth Resources programs in the O1t d 
States, and others . 

In the fishery w 0 r 1 d, resourc 
models relating fish stocks to nVlronm nt 
are just coming into their own . Models ar 
be i ng developed to relate major nvironmental 
indi cators to the quantification and qualifica
tion of fishery stocks. These typ s of mod 'Is 
are being developed by OAA's ;'IJ'ational i\Ja
rine F i sheries Service. The mJCiels, initial
ly based on classical data, are design d to 
advance our understanding of the ecological 
relationship . For example, remotely sens d 
thermal data from ITOS satellites are being 
correlated with yellowfin tuna models devel
oped by the Inter - American Tropical Tuna 
Commission. The purpose is to determ inc 
the practicability of using satellite -obtained 
sea-surface data as a major component in 
predictive resource availability models. 

Validation of any model will require til 
acquisition of a con sid era b 1 e amoun of 
ground - truth data currently available through 
classical survey techniques . By intensifying 
oceanographic and fishery survey activlti(>s 
for the next 5 years, we can expect to idenilfy 
the factors necessary to establish the validlty 
of remote -sensing data applications to the 
f i sheries. The surveys planned in interna
tional efforts such as CICAR, U DP special 
fund projects, and the FAO Indian Ocean In
vestigation are significant examples. i ation
al programs alsowill contribute to establish
ingthe relationship of remote-sensing 
oceanographic informationtoresourcp status 
models: the MARMAP program, and a simi
lar one in Great Britain, for example. 

Utilization 

Primary application of remote sensing to 
direct use of fishery resources most llkel 
will come from the location and identificatlOn 
of harvestable stocks. Such informatIOn WIll 

be attained by direct sensing from 'urera t 
and inferred information from oceanograph1c 
ecological data. Application of d1rect loca
tion and identification of fishery sto{'ks 1 n) 
well understood. Techniques for {'orr 1 mg 
information from ocean surface w1th pat rns 
taking place beneath it are no now avaHab 
These techniques are prOjected to b c m 
available within the next 3 to 5 ar. 1 
most promising techniques being d vIp 
in the U. S. are low -light -lev 1 Imdg 1n s 
fication and laser instrumentation s s 
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To u s e the s e, i t will be ne c e ssary to unde r 
stand the re lationship of surface observations 
to existing f i sh st ocks . So i t will b e nece s
sary to ac quire extensive knowle d ge of a 
species' behavioral c haract e ri s tics , or at 
least t he family behavior patte r ns , to trans 
fer effectively the sens ing data to fi she r y in 
f ormation and , thus , to f ish-stock u se. 

In the immediate future, t he m os t direct 
applic ation of aerial observati ons to tactical 
fishing m a y be by providing real-tim e i nfor
m ation on fish -stock avai l ability for harve st
ing . He r e a word of caution is necessary . 
Utilization of a fishery r e source i s control
le d by the economic structur e of t he fi shing 
industry , one man or a national effort. The 
capability of harvestin g known fish stocks is 
a vailable. Management de m ands on these 
r e sources become acute as stock availability 
dec r e ases and exe r ts a competitive economic 
demand on their use. Therefore, the app lica 
tion of remote sensing to direct use must be 
conside r e d in light of its economic contribu
tion to t he industry. The harvesting system 
is only one part of the total industry (Figure 
7) . 

Thi s figure shows the basic compone nts 
of a computerized model of a fishery de 
veloped by the Massachusetts Institute of 
Technol ogy (MIT) for the National Marine 
Fisherie s Se rvice . Specific f ish industry 
inputs are applied t o the model to obtain de
tailed predictions of the effect c hanges may 
make on any compone nt in the e conomic s ys 
tem . It pr ovide s the model use r a tool to 
determi ne t he effect of any modificati on, s uch 
as remote s ensing, to the economic stabi lity 
of the industry . 

C ONC L USIONS 

The applic ation of r e mote se ns i ng to t h e 
problems c onfronting w orld fi she r ies will 
require a m ultidis c ipli ne appr oach . Inst ru
mentation a nd data-m anagement enginee rs , 
oceanographer s , fishe r y scie ntists , a nd fish-

e r y experts working as a team will be re 
quired to convert remote·-sensing data to 
applicable information. Extensive efforts by 
the a d van c e d nations will be necessary 
throughout the development of t hese systems 
to e nsure the validity of the conclusions. 

The complex proble ms and the research 
a nd d eve lopme nt r e quired to establish stand 
ard techniques handicap underdeveloped na 
ti ons. These fac tors may also prevent inte r
na tional 0 r g ani z at i o n s from performing 
func ti ons othe r than cle aring -house opera
tions f or data and t e c h n i cal information. 
Re quire m e nts for fishe r y-re l ated information 
obtaine d from remote s e nsing most likely 
wi ll be fulfilled within existing information
di s s e minati on s y ste ms b e ing deve loped by 
inte rna tional bodies including F AO. Consid
e r able effor t alr e ady h a s g one into d e veloping 
s uch da ta -di s s e minati on program as Interna
ti on a l Oceanogr aphic Data Cente r, World 
Weat her W a t c h, and Inte rnational Global 
Ocean Su rvey . 

T here i s a re al need f or some agency t o 
trainpeop le eve r ywhere in apply ing the t ech
niques deve l ope d f or c onve rting remote- s e ns
ing information to fishe r y use . A basic s y s 
tem of training ' should b e planned and be 
ready for imple mentation as techniques and 
procedures are made a vailable . Through this 
medium, all count rie s will have an opportun
ity to use rem ote -sensing data for rational 
management and de v e lopment of f ishery re
sources within the ir are as of interest and 
leve l s of technical competence . 

T hr ou gh aircraft and satellite - acquired 
inform ati on about the oc eans, we can look 
for ward to a total renovation of our concepts 
a b out the ocean and its fishery resources . 
Space technology has outstripped the -class
ical approaches to understanding living ma 
rine r e sources . The t ask today is to estab 
lish pla ns for the future that will allow thi s 
t e chnological advance to be used effective ly 
f or the bene fit of mankind. 
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