
1. INTRODUCTION

At the last meeting of the Working Parties on Marine Resources, held in Mexico
26-29 November 1979, discussion centred on the need for estimates of the areas of fishing
grounds by broad, ecologically relevant subdivisions in order to move from production to
biomass/unit area estimates to overall biomass. The Technical Secretary was requested to
look into the question of the most appropriate and readily available depth zone to be used
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ABSTRACT

Some of the considerations relevant to mapping of clear water island
shelves for fisheries productivity estimation are presented, in particular,
the benefits from comparison of satellite imagery and navigational charts
for pre-stratification of sampling sites for fishery surveys. The Grand
Bahama Banks and adjacent areas provide an illustration of the type of
detail that can be obtained by a comparison of this kind.

RESUME

Le document formule quelques observations relatives l'établissement de

cartes des eaux libres au-dessus des plateaux insulaires, en vue d'une esti-
mation de la productivité de la pche, et il indique en particulier les

avantages que présente la comparaison entre les images obtenues par satel-
lite et les cartes de navigation pour une première stratification des empla-
cements choisis comme échantillon dans les enquêtes sur la pche. Les

grands bancs des Bahamas et les régions adjacentes sont choisis pour montrer
le type de détails que l'on peut obtenir par des comparaisons de ce genre.

RESUMEN

En el documento se formulan algunas observaciones relativas a la representa-
ción cartografica de las plataformas insulares con aguas claras a fin de es-
timar la productividad de la pesca, en especial, las ventajas que se derivan
de la comparación entre las imágenes obtenidas por satélite y las cartas de

.-
navegacion para la preestratificacion de los lugares de muestreo de las en-

cuestas pesqueras. Los grandes bancos de las Bahamas y las 'áreas adyacentes
constituyen una ilustración del tipo de detalle que puede obtenerse con com-
paraciones de este género.
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in such an overall scheme for the WECAFC region, and, to prepare charts for each of the
national zones (using the provisional designation of unit areas recommended by the statistical
sub-committee of WECAFC).

Three major problems were encountered by the Technical Secretary with respect to
completion of this work: one of them procedural, the others practical.

1.1 The concept of extended economic zones (EEZs) and its application within the region
makes it impossible to apply the provisional designation or map of statistical areas
erected by the WECAFC Working Party on Fishery Statistics in 1978. While a few maritime
boundaries have been resolved by negotiation since 1979, still others are pending. Moore
(1980) estimated that in the Caribbean alone some 105 bilateral accords will need to be
signed before all possible maritime boundaries are resolved.

1.2 The availability of up-to-date charts for many coastal countries is limited, and these
give no clear index of bottom-type or ecologically relevant (e.g., mud, sand, coral) sub-
divisions.

1.3 It is becoming progressively clear that the use of a mean production figure from
which to extrapolate to obtain fish yields will not give meaningful answers, unless at
least areas cf live bottom (outcroppings, coral, etc.) and flat bottom (mud or sand) areas
can be distinguished.

With this in mind, the Technical Secretary looked into the methods of mapping shelf
areas that would be available to each country in estimating the potentially productive
areas of its shelf within the EEZ claimed by each country.

POTENTIAL APPLICATIONS OF REMOTE SENSING IN FISHERIES

Principal among the new methodologies available is the use or remote sensing data for
direct mapping of coastal zones (Howard and Welcomme, 1977). Examples of applications in
describing bathymetry (Polcyn et al., 1977), estimating biological productivity (Strickland,
1967; Clarke et al., 1970) and locating areas of high potential fish production (Brown et al.,
1971; Parrish et al., 1981), all occur in the literature, and a number of agencies now exist
that are capable of preparing and analysing images of this kind, in particular, those for
LANDSAT - the satellite covering the WECAFC region (Figure 1). Figure lshows LANDSAT coverage
of the Americas: imagery for LANDSAT 1, 2 and 3 is on file available, and includes data from
areas such as the Lesser Antilles that lie outside the area where direct transmission between
the satellite and the Greenbelt Maryland receiving station is possible. Imagery from areas
outside the circles on Figure 1 is either stored on tape (present LANDSAT 3), for trans-
mission to ground when possible, or (LANDSAT D: tentative launch date in July-August) may
be beamed to other satellites for transmission to ground-receiving stations, outside the
immediate area. This latter system is proposed to have a higher resolution than LANDSAT 3
and has several other features of interest to fisheries (Baltaxe, 1980).

The FAO Remote Sensing Unit (FAORSC) is a technical unit concerned specifically with
interpretation of satellite imagery for agricultural, forestry and fisheries applications,
and is equipped with the necessary digital and analogue facilities for image interpretation.
The unit serves all branches of FAO and can either act directly or suggest sources of data
and consultants in this area, if funds are available. The following sections describe one
analysis carried out by FAORSC in cooperation with the Fisheries Department of FAO which
is immediately relevant to our purpose, namely, an interpretation of satellite imagery to
determine the topography of an island shelf. This example uses for interpretation the
considerable body of other knowledge available for the area in question (a section of the

Bahamas shelf). The process of reference to available information "on the ground" is
essential to proper understanding of the images, and is called "ground-truthing". Ground-

truth data in our case mai idially consist of on-the-spot observations, but also may make
reference to existing studies of the area and navigational charts and reports which will
often allow proper identification of features seen on the satellite photographs.

SUITABILITY OF REAL-TIME AND HISTORICAL DATA FOR BENTHIC MAPPING

Those applications of remote sensing that require close to realtime imagery for their
proper use (e.g., mapping of distribution of water masses, sea states) present greater dif-
ficulties than those applications (e.g., mapping of topography) which can use imagery,
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stored from earlier periods. In the Caribbean region the major problem is the high percen-
tage of cloud over many parts of the region at the time of satellite overflight (mid-
morning). Even when cloud cover is not a problem, the use of images for bathymetric map-
ping still tends to be limited to those island regions where water depth is not excessive,
water transparency is high and conversely planktonic production is low (such as areas of
coral reef). Even in the more-or-less ideal case of the Bahamas, an effective upper
penetration depth of 20-30 m means that only the shallow shelf can be mapped in this way.
This in many cases, however, is the high priority area for island shelf fisheries.

In continental shelf (high production) areas, remote sensing applications will tend
to focus on mapping of surface water characteristics, e.g., the presence of chlorophyll,
suspended sediments, or temperature (all of which are of course of interest to fisheries)
but not bathymetry.

ESTIMATION OF SHELF AREAS BY SATELLITE IMAGERY

For those shelf areas presenting recognizable features on satellite images, it is
clear often from only superficial examination that, when compared with bathymetric charts
(prepared from data collected in part as early as the end of the last century), significant
anomalies may occur in the charts (Davis, 1982). These in part are due to errors in
position-finding during the original survey, or due to subsequent changes in bottom topo-
graphy which may mean that the existing chart is in need of revisionli. Corrected outlines
of areas of interest can be readily superimposed on the images, and distances measured and
areas estimated (e.g., by planimeter) bearing in mind the scale of the image as given.
Thus, if estimates of animal or plant production or biomass are available, they can be
expressed per unit area of the shelf. If fish abundance data are available for the main
sediment facies or topographic types, these can, with care, be extrapolated to obtain
estimates for the whole shelf. The following section shows the kind of interpretation that
is possible, given some ancillary information on the shelf area.

MAPPING CLEAR WATER TOPOGRAPHY (REEFS)

The "test site" chosen for illustrating the scope of image analysis was the
Bahamas Banks. The imagery was recorded on 10 March 1975 (Andros Island) and 26 November
1975 (Abaco Islands). Image quality was good and cloud coverage less than 10 percent. The
imagery used were two False Colour Composites (FCC)1J, shown here in black and white at
1:250 000 scale. The visibility of nearshore bottom topography is greatest with Band 4
(wavelength 0.5-0.6 microns) that allows a light penetration through clear water of up to
20 m, while Band 7 with low penetration allows the sea-land margin to be detected clearly,
since in this near-infrared channel (wavelength 0.8-1.1 microns) water has a maximum
absorption of solar radiation. The bottom topography of theSe banks is well known
(Figures 2 and 3). A barrier rim all around the platform was made up of shoals and sand
ridges. This is clearly seen in the LANDSAT images, where we can see a light band
surrounding the emerged land. The depth in this zone (according to the nautical charts)
is, on average, 1.8 m. Enclosed by the barrier there is often a shelf lagoon with a depth
ranging from 2 m to 6 m (see Figure 4, Abaco Island). This area, shown in Figures 4 and 5,
is seen as a darker shade (blue in the FCC) interrupted by lighter spots, representing
shallows or coral heads. On the eastern part of Andros Island, in Figures 6 and 7, the
barrier rim borders the "Tongue of the Ocean". Here, there is a distinctive zone made up

1/ Minor systematic anomalies in satellite imagery also occur (Sabine, 1978), but are of
minor importance in comparison with those on most nautical charts and can be corrected
if exact distances are needed

2/ FCC - "False Colour Composite" is constructed by assigning artificial colours to the
different shades or reflectivities picked up and recorded electronically by the satel-
lite in order to facilitate interpretation of the image after the original digital
array of data has been printed in photographic form. The different bands referred to
in the text (i.e., 5, 6, 7) distinguish the separate groups of wavelengths used in pre-
paring imagery from the digital data
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of corals and coralline algae. On each side of the platform a narrow "outer platform"
joins Lhc barrier rim to the marginal escarpment from a depth of 4-5 m to a depth of
23-25 m. This kind of bottom feature is rather difficult to see in the imagery because of
the depth and the diffraction of light due to rough seas. From a biological point of view,
the coral reef of the eastern windward side of Andros is living reef, but the extensive
western part is made up of carbonate sands carved by tidal canals at the end of which there
are tidal deltas called "lobes of spillover". Some evidence is seen in the photos (small
arrows) of areas of suspended materials, probably corresponding to fast bottom currents.
The Grand Bahamas Bank is an area of continuous and gradual subsidence combined with rapid
accumulation of bottom sediments. Precipitation of calcium carbonate (CaCO3) is fastest in
shallow water and, from a comparison between the photos and the existing charts, it is
possible to show that for the shelf lagoons (shallow water) there has been an increase in
the emerged land and an expansion of the shallow water areas since the time the soundings
for the charts were takenli. These conclusions have been reached by drawing to the same
scale on an overlay, features extracted from charts and from imagery of the area. This is

illustrated in Figures 4 and 6, which make a comparison of the imagery with the nautical
charts. Areas of solid colour represent anomalies of land-sea boundaries that show the

extent of disagreement between the imagery and the nautical charts. Shaded areas refer to
apparent anomalies in shallow water between the bathymetry on the chart and the depth of
blue shading on the imagery. Figures 5 and 7 show as a first product of LANDSAT imagery
interpretation that it is possible to obtain a good approximation to the bottom topography,
bearing in mind that, generally speaking, the.lighter the blue colour in the FCC, the
shallower the water. Figures 5 and 7 show that the resulting interpretation is in general
accordance with existing charts but provides more information on bottom type and con-
figuration. In this area it seems that the rate of precipitation of calcium carbonate
(lime) is faster than the sinking of the bank.

6. CONCLUSIONS

The remotely collected data from LANDSAT scenes (Bahamas Banks) enable us to detect
bottom topography and features described in previous studies. This enables us as a first
product to monitor changes in the topography of shelf lagoons and coastline and map them
accurately, thus updating existing charts and resulting in greater safety for the fishing
vessels, and assisting in the planning of, for example, aquaculture and coastal (e.g.,
harbour) installations. A most important function here will be the monitoring of changes
in habitat, especially degradation of areas due to human activities.

From the point of view of "wild" fisheries, three main functions can be suggested
that will contribute to the estimation of sustained yield:

stratification of fishing grounds prior to surveying for fish resources;

estimation of potential yield from different types of shelf;

(e) subdivision of shelf areas for management and underwater parks.

6.1 Stratification of Survey Areas

Prior to carrying out a fishing survey, e.g., using fish traps, hook and line, or
direct diver observation, a great deal of work time can be saved and the same precision
achieved with a much smaller number of observations, if the area in question is divided
into strata. An obvious first division would be between live bottom (reef and outcrop)
areas, plus shelf edge and flat bottom sediments. The former areas which are limited in
extent and are known to have much higher density of commercial fish and lobsters, should
be surveyed at a much higher density of stations than the other areas. Further sub-
divisions into coastal lagoon, turtle grass bed, etc., may also be considered if, for
example, one is estimating the population of conchs.

1/ Last revision (1938) of Bahamas and Abaco Islands chart based on soundings taken from
1836 to 1885

Last revision (1907) of Grand Bahama Bank chart based on soundings taken from 1836 to
1842



Whatever the objective, the first step in using LANDSAT data for this purpose is to
ensure that these types of areas can be consistently identified in the imagery. This must

involve some knowledge of the bottom types in selected areas (ground truthing) in order to
be reasonably sure that a given set of spectral characteristics consistently represent the
desired stratum. These areas may then be delineated first by further analysis (e.g., image
slicing) or an overlay may be directly constructed by tracing outlines of the separate
areas. Surface areas (ai) can then be estimated by planimeter for each stratnm
i = 1, 2 n, and then a decision on the sampling intensity to be used within each area
can be made.

Some ancillary information is needed here to define the best existing data on the
relative frequency or expectation of encountering the species in question in each sub-area.
These weighting factors (wi) do not have to be exact and may be obtained by discussion with
fishermen or local inhabitants. If satellite imagery is not available, it will be of
course necessary to work from standard, e.g., British Admiralty charts, but the procedure
is otherwise the same.

Next we need to know roughly the number (N) of stations we may reasonably expect to
occupy in the survey. This number is then divided up in the ratio of the product of
weighting factors and areas of strata, i.e.:

N 1..T.

number of stations sampled in stratum i =
E w. a.

i

Given these figures, we next construct an X-Y (lat.-long.) grid over the whole area,
take pairs of random numbers to define the X and Y coordinates and place stations at ran-
dom within each stratum,stopping when the above number of stations has been reached. The
last step is then to draw the cruise track, keeping in mind the need to minimize distance
travelled, and fit the number of stationsIday within the performance capability of boat
and crew.

6.2 Estimation of Potential Yield

After the survey, the set of data on local fish density at stations in each of the
given stratum is analysed separately, using formulae from Saville (1977) and then
combined to give an overall estimate:

x. a.

overall mean abundance R -

variance of estimate

total area

a. 2

= var R.
total area]

where x, is the overall abundance in stratum i of area a.

6.3 Subdivision of Shelf Areas for Fishery Management and Underwater Parks

Here there are obvious applications in that if management areas need to be defined
(e.g., coral reefs, eelgrass beds or turtle breeding beaches), they can be delimited more
exactly, directly related to topographic features, used in ground surveying and form a
direct support for multi-use coastal management. Important or ecologically sensitive areas
can be mapped for defining, e.g., parks or closed areas, and by examining images at
intervals of several years, short-term changes of various kinds can be detected.

In relation to the original objective of obtaining an overall estimate of standing
stock or potential yield for each area, it would be of considerable assistance if a
series of charts of the management area be prepared by each national administration. These
will serve as a basis for fisheries assessment, conservation and protection, and should
show the location of the main fishing areas (by species and/or season as necessary). These
charts or overlays can be updated on a regular basis as new information becomes available.
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Pellet mud
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Oolíte
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Grapestone facies

Coralgal facies

Figure 3 Distribution of sediments for Great Bahama Bank

Tongue of the
ocean



Legend:

.... ....... Shallow water from Landsat Image

Emerged land from Landsat Image

for Bahama and Abaco Islands

looar 4,

-41

and shallow waterFigure 4 Anomalies of emerged land



-------- Depth contour from Landsat Image

Bathimetric Lines from Admiralty Chart
(1836-86)

Comparison between depth contours as extracted from the LANDSAT imagery and
admiralty chart from Bahama and Abaco Islands

Figure 5



Legend:

Shallow Water from
Landsat Image
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Figure 6 Anomalies of emerged land 12 1 and shallow water

for the Great Bahamas Banks and Andros Islands
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