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ABSTRACT
Correlation between ‘water
depth, nodule coverage, abundance

from seabed photos and grabs and
the relative abundance has been
studied in different seabed
settings based upon thickness of
'sediment water interface boundary'
(SWIB) layer and extent of nodule
burial at different locations.
Whereas, nodule coverage and
abundance ‘have an inverse relation
with thickness of SWIB layer (due
to nodule burial), there is a good
correlation (9.75). between nodule
abundance in photo and grab.
Relationships between actual nodule
population and .variable burial
under the associated sediments have
been. established and mathematical
formulae worked out to compute
nodule abundance from seabed photos
in different environmental settings

INTRODUCTION

Nodules are known to be buried
‘to varying extents under the
uppermost uncompacted sediment on
the seabed or the ‘'Sediment-Water
Interface. Boundary' (SWIB)' layer
(Cronan and Tooms, 1967; Sorem and
others, 1979}, leading .to an
underestimation of nodule abundance

from seabed photos (Frazer and
others, 1978; Bastein-Thiry, 1979;
Anonymous,  1982)i, Studies on

References and illustrations at end of paper,

comparison of nodule abundance from
grabs and photos have emphasized
the need for a correction factor to
be applied to photo estimates to
account for buried nodules (Fewkes
and others, 1979; Felix, 1980).
However, no single correction
factor can be applied to all
estimates (Felix, 1988)/, as the
nodule burial also depends upon the
varying thickness of SWIB layer at
each location (Sharma, In press)i,

been

Several methods - have
proposed for estimating nodule
abundance from photos (Bastein-

Thiry,1979; Fewkes and .others,
1979; Handa and. Tsurusaki; 1981)
and have attained an accuracy of
50-86 3 with respect to actual
nodule abundance. This study aims
at quantifying the burial of
nodules and thickness of SWIB layer
in-different seabed settings -which
can be used to estimate nodule
abundance accurately, so as to -make

seabed photography an independent
and reliable tool for nodule
exploration,

METHRODS

Seabed photographs, at 285
locations, were taken, using
cameras attached to freefall grabs, -
1-1.5 m above the seabed, Nodule
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COMPUTATION OF NODULE ABUNDANCE FROM SEABED PHOTOS

.coverage (C)i - .was -estimated in
percent .-by superimposing a graph
sheet  and: counting the number. of
squares -falling on nodules with
respect to area of the photograph.
Hence,

C = an/.ap X lﬂﬂ seasee (1)'
where an = area of nodules in the
photograph

ap = area of the photograph.

Nodule diameter (D} was calculated
using the scale factor (Sf) as

Sf = ap/as ceeee (2)

where as = area photographed on
the seabed,

Nodule abundance from photos (Ap)i
was estimated in kg/sq.m. as per
Handa and Tsurusaki (1981); as

7.7 x C x D/1p9

Ap = ve (3)

The  -relative abundance (RA)' was

calculated as :
RA = Ap/Ag X lﬂg as e e (4)!
Ag = abundance in grab,
is- estimated by dividing
nodule recovery (kg)l-by area of
grab- (sq. m)!. Since RA is
calculated. to show-the percentage
of agreement between photo and grab
abundance, it also indicates the
burial ratio (BR) of nodules:;

wheie
which -

BR = 166 - RA cenes (5)

Therefore, if RA=86 &, then BR=20

£, For - this study, locations with .

nil abundance in both photos as
well as grabs were not considered

as - it- indicates that these
locations have no nodules, Also,
where Ag -is-nil or much smaller -

than Ap are not considered as it
indicates a possible failure of the
grab to collect all the nodules.

RESUL'ES AND DISCUSSION

In  .order to arrive at correct
estimates of-nodule abundance from
photos, consideration should be
given to two important factors, viz:

(a)l * thickness. of SWIB layer which
Can vary upto 18 cm or - more
(Sorem and others, 1979)!;

{b)} extent of nodule burial which
variles from & to 1660 &%,

data - from
classified
based on

For this purpose,
all . locations has been
in 2 .separate groups
following criteria

(i)' Penetration of camera trigger
weight to indicate thickness
of the SWIB layer.

values
extent of

Relative abundance -
indicating the
nodule burial.

(iik

A, Thickness of SWIB layer

- The classes in this group are
based upon thickness of upper soft
sediment layer indicated - by
penetration of. camera trigger
weight such as nil, ' very less (25
1), intermediate (50 %), high (75
Xx)!, complete (108 ). -For these

. classes, the maximum, minimum, mean

and standard deviation (SD) as well
as correlation matrix have- been
worked out - for depth, nodule
coverage, nodule abundance from
photo and grab and RA (Table
1,2).

The mean nodule coverage
increases - (from 3 to 48 4) with
decrease in thickness of SWIB layer
because more and more nodules tend
to -be exposed . The mean nodule
abundance in photos and grabs also
increases from 1 to 13 and 4 to. 16

kg/sq.m., respectively, with
decrease - in thickness of SWIB
layer, - except in class 1, In class
1, there is no sediment cover
(trigger weight shows no
penetration at all)' due. to rock
exposures and Fe~-Mn encrustations
at these locations which are

photographed as massive outcrops on
seabed but . cannot be sampled,
Hence, there is a  very .good
correlation (> 8.8) between
coverage, abundance - in photo and
product of coverage and diameter of
nodule, except = in class 1
(6.859),

There is also a - good
correlation (> §,67) between nodule

coverage and abundance in grab -in
class 2, '3, and 4 although .the
source of .- data for both . is

different. The correlation between
the .grab abundance and the product
of ‘coverage with diameter as well
as the abundance from photo is also
slightly = higher (> 6.68)  for all
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classes, except for elass 5 (8.53)i ranges for an ' .
y parameter in
L O B O et
~in - ’ ' e except  for relative  abundance, -
photos due to Yerylgg{§§ sediment since the classes in this group are
cover (penetration Fe based upon different RA () values.
Depth has no. relation with the
In areas of higher SWIB extent of nodule burial as well as
thickness, . nodule distribution is nodule coverage and abundance in

more regular (SD is. less)' but areas
of less penetration seem to have a
patchy nodule distribution (SD - is
more)!, Depth, -nodule coverage and
abundance do not have a fixed range
in any of the classes, ' Depth seems
to have no control over thickness
of SWIB layer or with any of the
other parameters studied here.

B. Extent of nodule burial

‘ Since, the extent. of nodule
burial is indicated by RA (®)/, the
classes in -this group are based
upon different ranges of RA, such
as 180-80 %,

20 &, 2¢0-0 4., The maximum,
minimum, mean and standard
deviation {SD)i as well as
correlation - matrix for various

parameters in this group have been

worked out for all classes '(Table
3, 4,

Mean nodule coverage and the
nodule abundance in photo show a

decreasing trend (from 27 to 1l #
and 8 to-<-1 kg/sqg.m.)! with
increase in nodule burial. The mean
nodule abundance in grab also
decreases (from 11,14 to. 4.6
kg/sg.m.} with increase in nodule
burial (except for class la)’, The
correlation between coverage,
product of coverage with diameter,
nodule abundance from photos and
from grabs for all classes
{(except class 5e)' is very high (®
?.87) and relatively less (8.7) for
coverage and abundance from-grab in
case of all the data. . points, 1In
class Se, the nodule burial is > 89
3 s0 they are not recorded in
photo, but collected in grab (hence
very low correlatijon)!, Similarly,
correlation between product of
coverage with diameter, abundance
from photos and grabs is 1less
(8.69) for class 5e, as compared to
correlation for classes la-to 44 (>
#.94), whereas for all the data
points it is 68.75.

The nodule- distribution is
very . irregular in regions of 1less
burial (SD is very  high) as
compared to areas with more
buried nodules., There are no fixed

80-60 &4, 60-40 4, 40-

the locations studied.,

As observed in both the groups
described above, the water depth
has no control either over the
thickness of SWIB layer and nodule

burial or nodule coverage - and
abundance as the average water
depth (-~ 5160 m) does not vary

substantially over the entire-area.
But, nodule coverage. and abundance
in photos and grabs have. a
significant {(inverse) relation with
SWIB thickness. Thicker the SWIB

layer, more is the burial, so less
nodules are seen in photos and
collected in grabs. It is  also
possible that the buried- nodules
have no hydrogenous input of
metals, so0 grabs recover less
nodules as compared to areas

‘with
thin SWIB layer.

C. Relatton betweenm SWIB thickness;
nodute buriat and actual

nodulte abundance

In
relation

the
nodule

order to establish
between. actual

abundance - and extent of nodule
burial (and SWIB thickness). at
various locations, scatter diagrams
were plotted for nodule abundance
recorded in grab and photo
parameters - nodule coverage and
diameter for all the classes - as
well as all data points in each
criteria, '

SWIB

riteria

thickness

0

E : Based

on

The plots taken for classes
in this criteria have been shown in-
Fig. 1. Some classes have very few
data points as locations belonging
to those seabed conditions are very
few in the area, For example, class
1 and 2 where there is nil or very
less penetration are normally found
on the summits of seamounts and
abyssal hills which are not. so

common as other plain areas with
more sediment thickness. . The
coefficient ‘of regression = is
quite: high (> 8.68)  for all the

classes as well as all data points
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(8.,75), ‘except for class 5, wherein
sometimes- all nodules are buried,
The - equation obtained-. (Table . 5)
does  not . vary substantially from
one. class to the other in this
group.

The plots taken for classes in
this criteria  have been shown in
Fig. 2. Coefficient of regression
is. quite high (> 0.69)! for all
classes as well as all data points
in this group (8.75)', The equation
obtained. (Table 5) shows a -higher
slope with increase in thickness of
SWIB. layer.

For estimation of nodule
abundance from photos, both
criteria can be employed depending
upon

the .area, If the area has not been
surveyed earlier, criteria 1 will
prove - more reliable as nodule

abundance. from photos can also be
estimated by. using the formula
corresponding to the thickness of
SWIB- layer indicated by penetration
of trigger weight and then compared
with grab data, so they supplement
each other. v o

Mathematical formulae in
criteria 2, can be used during
detailed surveys where the -extent
of nodule burial is known  from
previous surveys and results can be
checked. This method can be used
even while using deep-towed cameras

without grab attachment, However,
this - -method needs further
confirmation.

v -In any area however, any of
the mathematical relationships for

all the data points can be safely
used as they are more or less
similar- for both the criteria.
Moreover, the slope of the line is

similar to the one
Handa and Tsurusaki (1981) - in a
part . of the -Pacific Ocean, but
there . is an addition of the
constant- factor im the
presented-in the study which is an
improvement . over the earlier
evolved equation. . ,

CONCLUSIONS

The parameters studied from
photos {(coverage, diameter - and
photo abundance)i are generally well
correlated to the grab' data and

the background information of

obtained- by -

formulae .

sound - relationships can - be .
established " between -them, -
Depending -upon seabed- conditions,
coverage and -photo abundance may"
vary to different degrees - with
respect - to . - actual nodule
population, ‘a knowledge of which
can " lead - to "establishing
mathematical relationships, so as
to  use photos independently and
reliably to -estimate nodule-
abundance. . ‘

The major observations are :

(1)! - Nodule abundance in photo and
grab are generally well -correlated’
except - in areas of thick sediment
cover, i.e. high nodule burial.

nodule
decrease

(2)' Although,
coverage and

average
abundance

with increase in thickness of SWIB
layer, nodule poptlation has no
specific. range of maximum and

minimum values in different seabed
settings' (i.e. thickness of SWIB
layer)i, : ‘

(3) - Wwater depth in nodule areas,

does not seem-to have any control
over the thickness of SWIB layer or
nodule burial, but they may ' be
controlled by 1local topographic
variations. h :

The computation of
mathematic¢al relationships between
varying thickness of SWIB layer {or
nodule burial) and nodule abundance
offers an option to the user to use
a general equation - or a specific
one depending upon the seabed
conditions. ‘ o

Thus seabed photography can be
used effectively to demarcate areas

for further surveys with other
equipment, With knowledge .- of
seabed conditions ‘at -different

places  more reliable data' can be
obtained using deep sea cameras
which -will be time saving as well
as economical.
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STATISTICAL = PARAMETERS

TABLE

1

FOR CLASSES BASED

ON "SWIB" THICKNESS
Class 1 2 3 4 5
Penetration Nil 2% 50% 75y 1004
No, of data 9 11 27 27 211
Depth Max, 5329 5637 5450 5725 .5730
Min, 4560 4800 4815 4578 4878
Méan 4991 524S% 511l 5096 5186
sD 273.9 229 ,6 176 .6 184.,6 177.8
Coverage Max, 95 760 78 49 65
Min, 1 9 0 8 )
Mean 48 39 25 15 3
s 31.4 19 18 12 7.3
. }/ - dandnd
Abundance Max., 14.43 21,56 16,17 11.78 14.62
(Photo)
Min, 0.8 2.08 8.0 g.8 9.9
Mean 2,23 12.68 7.1 4,49 1,082
SD 4,7 6.08 4,42 3.42 1.95
Abundance Max, 14,61 27 .69 25.38 13 .46 16 .15
(grab) .
Min, 1.00 2.00 1.00 1.09 l1.00
Mean 4,73 15.83 11.23 7.36 4.28
8D 4,53 6.44 5.14 .44 4,07
RA ()  Max, 123,79 104.78 100.20 103.00 189 .09
Min, 8.09 36,082 2.80 0.80 2.00
Mean 69,62 82,33 64,78 59.28 26,93
SD 48.30 21.71 33.23 33.42 41 .44
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TABLE 3

STATISTICAL PARAMETERS FOR CLASSES BASED
ON NODULE BURIAL
".EI;SS B la 2b ) 3¢ T 45--— --;;---
RA (¥) 100-89 80-60 60-40 40-20 20-00
No, of data 29 22 28 43 147
Depth Max, 5637 - 5400 §725 5500 5550
Min, 4180 5000 4815 4614 4679
Mean 5104 5136 5126 5103 5220
sp 258.4 131.5 171.0  204.3 168.4
Coverage ﬁax. 75 7ﬂ‘ is 26 78
Min., 1 1 1 1 a
Mean 27 25 13 5 1
Sb 19.5 17.8 15.4 6.2 6.6
Abundance Max, 16,32 21,56 14,34 6.20 2,10
(Photo)
Min, 1.00 1.09 1.00 1.00 0.00
Mean 8,87 7.95 3.85 1.88 0.30
Sp 5.10 4.79 3.30 1.59 8.51
Abundance ‘Max. 19,61 27 .69 25.38 18,46 15,39
(grab)
Min, 1,00 1.50 1.69 2,76 1.00
Mean 8,77 11.14 7.33 6.52 4.6
SD 5.57 6.26 5.90 4.42 4.93
RA (%) uax.rlad.ou' 79.57 59,17 39,23 20 .00
Min. 81,26 61,32 41 .65 20,32 20 .89
Mean 91.37 = 70.48 51,49 28,40 3.40
sp 6.04 5.6 5.61 6.23 6.02
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TABLE 5
FORMULAE FOR COMPUTIN] NODULE ABUNDANCE

IN DIFFERENT SEABED SETTIN3S

. T - — T O D P WD D D ) > D D Y D WD W VD D P D G D P =D - - R P YD D > G P -

Criteria 1 - Based on SWIB thickness:

Class SWIB Trigger wt. Correlation Relation to be used
thickness penetration coeffecient
1 Very thin N{il 2.83 Y= 6,18 X+ 2,04
2 Thin Very less 2.83 Y= 6,80 X + 4,62
3 Intermediate Intermediate 0.68 Y= 5,98 X + 6,01
4 Thick High | 6.76 Y= 5.86 X + 3,93
5 Very thick Complete 3.53 Y= 8,55 X + 1,14
All - - 0.75 Y= 7,54 X + 3,31

Class Nodule RA Correlation Relation to be used
burial(+) &) coefficient
la 68-20 10-80 8.99 Y= 8,41 X - 0,01
2b 20-49 80-60 0.98 Y =10,15 X + 0,67
3c 40-69 60-48 8.99 Y = 13,91 X + 6.37
44 €0-680 40-20 8.95 Y = 21.84 X + 1,20
Se 86~-1090 20-00 0.69 Y = 42,51 X + 2,97
All - - 8.7s Y= 7,74 X + 3,78

X=CxD/ 100

C = Nodule coverage (¥) in photo
D = Average nodule diameter in photo (cm)

Y = Abundance (Kg/sq. m)
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Fig. 1 Scatter diagrams far classes based on S WIB thickness
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Fig. 2 Scatter diagrams for classes based on nodule burial
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