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Abstract

and round herring (Etrumeus whiteheadi) were surveyed by conventional echo integration

along systematic transects. The survey transects were steamed twice in opposite
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s was analyzed with respect to spatial variability -and diurnal effects.
The replicability of .acoustic survey estimates was considered on the basis of the two

coverages of the area surveyed. The importance of survey design was emphasized when

-estimating the biomass of highly aggregated pelagic stocks.






Introduction

Four co-occurring pelagic fish species have historically supported large commercial purse

seine fisheries off Namibia (Armstrong and Thomas 1989, Crawford et al 1987).. These :
include .pilchard or sardine (Sardinops sagax), anchovy (Engraulis capensis), round horring '
(Etrumeus. whiteheads) and horse mackerel (Trachurus trachurus capensis). Major
fluctuations in- particularly the biomass of pilchard have recently been observed- (Boyer,

1996).

Biomass estimates obiained through echo-integration form the basis for the management of
these pelagic stocks. :However, it is recognised that acoustic surveys are highly sensitive to

changes in the aggregation patterns and acoustic detectability caused by behaviour of the
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fish.: A large proporiion of the biomass of a schooling {fish population is ysually coniained
indense s .hools or agoreoations and therefore the accuracy of survevs will depend grea_.l-v
in-dense sc goreg , Iracy urvey pend greatly

on ‘encountering a sufficient number of these schools (MacLennan and MacKenzie 1988).

This: problem is: further aggravated when the stock size is very small and the chance of

detecting.the few: réemaining schools is verv low (Barange and Hampton 1997). .

The -aim :of - this-paper is to examine the influence of high-density areas on the overall
estimates -of abundance and:associated variance and to investigate structural differences. -

‘between three co-occurring pelagic fish species.



Materials and Methods

Dara: collection -

~ Data used for this study are acoustlc records of ftsh den31ty collected during Apnl 1998 on:i _

board' the ‘R V. Dr Fridtjof Nansen using | standard echo integration ‘methodology .

.fM_.-T ennan and Simmonds 1992). - Measurements of back-scattering strength, expressed’ .
‘as 'Sy (m’ nm’z) were obtained with-a SIMRAD EK500 echo sounder operating at 38 kHz.

Further processing of the data and apporttonment of echoes to the various species was donef

with the SIMRAD BI500 software on a Sun workstatton

_The survey grid (thure 1) consisted of 6 transects parallel to the coast and spaced 10 nm 5

apart “The’ posmons of transect resulted from prior- information on the:distribution-of

.ptlchard obtained urmg a survey in March 1998, ‘The offshore trat
: h

distribution. ~ The ‘surve

ey
system mterfaced to the Befgen. Echo Integréftor provided measurements of .acoustic ;-

between the various pelagic species was done on the basis of frequent mid-water trawi

‘samipling. Relative density contour maps were plotted for pilchard, horse mackerel and"
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 software (Petitgas and Prampart 1993). In order to calculate distances between valués, the

latitudes and longitudes were converted to nautical miles. Isotropic (omnidirectional)
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mental variograms were computed according to Matherton's (1971) variogram

estimator:

’V()——()-S‘ [Z(x+h)-Z () ]

-grid: was repe'ated-[twice in.opposite directions. The 'EK500

d'overl'__ai tical mile' (hm) intervals. Echo nartttlonmg':f

‘for each survey.  This: was done wusing linear kriging procedures: of .




where Z(x;) is the density for the #-th data point, and N{#) is the number of pairs of points,

which are a distance 4 apart.

To eliminate the effects of extreme values on the behavior of the variograms and
investigate thie nature of density effects, indicator variograms. were computed. This was

done hv oroumine the S, values into dpnqrt classes with cut-off values (z) of 1 0,100
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and 1000. Each data point was then defined as 1 if Z{x;) =z and 0 if Z{x;} < z. Models

describing the behaviour of the variograms were then computed (Cressie 1993) to compare

To investigate. diurnal effects on fish density, intervals were split into day or night

categories.- The division between day and night corresponded to 05:00 GMT and 17:00
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GMT, based boil on the time o irise/sunset .and sui radiation values. In imst

where mean hourly densities and depths were calculated, each hour lasted from half an -
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hour before to half an hour after the specified hour. The vertical dlstrlbutlon of elagic
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integrated acoustic intervals. The depth of the maximum back-scattering strength for each

interval was calculated as the mid-point of the 5 m vertical channel in which the echo return

The drstn,utron of pilchard, h,,se-rnac erel

surveys is presented n Frgure 2. Some dlfferences in the dlstrrbutmn d relative density |
of prlchard and round hernng were noted between the 1% and Z“d surveys. The
distribution of prlchard during both surveys was very patchy. Dense areas of both
pilchard and roun’d herring recorded during the first SUIVB}F were not observed during the
second survey. Herse mackerel were found over the entire survey area and the:
dlstrrbutrons for both surveys were very similar. - The mean density of pilchard and round |

' herrmg recorded durmg the second survey decreased by 77 and 90 % respectwely (Table
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area.’ It is very clear from both the distributions and'the CV’s of the densities that a few-
large values contributed greatly to the mean and the variance of pilchatd and:round - -

- herring.
The shape of cumulative:dehsity distributions for the three -species (Figure 3) supperts'_'é '

 values contributing just as riuch to the mean as larger values. Both the pilchard and: -

rourid herring distributions are extrem'ely‘ positively skewed. For pilchard, the highest."

distributions also reflects the dispersion characteristics of the populations assessed,
- inferences can be made about the different shoaling patterns of the three species. - The
horse 'rtlackerel-CUrve is tfery smooth-iand more: convex: than the :other. two curves.
-~ indicating a'greater amount of dispersion compared to pilchard and round herring. Both -

piichard and Tound herring ar _
evident from the shape of their density curves, :Most of the biomass is located in a few. .

de'rt'seconcent'rations cbVer-in‘g- very small areas.. ‘This highlights the need to sample these- -

distributions of all species
erratic with no linear increase in variance with distance. - As all distributions were
positively skewed, the influence of high values dominated the behavior of the variograms. -
and no 1nferences of the underlymg structure could be made. It must be noted that the

1sotromc vanograms are dommated by the along shore effects glven the different samplmg‘

s .-..- 1

ettort in both un'ecuons Amsouopu, Vdnugrdm were aiso cer'puted bu duet ‘the
number of palrs of pomts in the cross shelf dtrectton, the results Were not con51dered o

' representatwe of the underlylng structures.

To 1nvest1gate the effects of densuy on the varlograms indicator variograms were also o

computed as prevnously descnbed Table If mdlcates the. proportxon of values falimg mto y
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that a very small proportion of SA values fall into the highest cut-off category (z > 1000)
but that they constitute most of the. mean and the variance. This is partlcularly prominent
han 10
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95 % of the variance and more than 70 % of the mean and is accentuated by the small
integration unit used (1 n.mile). The largest differénce,. however, is seen in thc: z 2 100
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behavior of variograms computed from the raw data. They indicated reianvely large_
structures (> 15.nm) for all three species at the lowest cut-off level (z = 1) during the first

survey. . With higher- cut-off levels, the variograms of both ‘pilchard and round herring

showed nospatial structure.  This clearly indicates that high-density patchés are smaller.

than' the integration:unit {1 nm) and/or that they occur randomiy throughout the study
area. Structure was, however, still present-at the highest cut-off level for horse mackerel.

This pattem was similar dunng the second survey with the autocorrelation range

1

gradualily uecreasmg for-horse mackerel at gr'ater cut-off levels (Ta
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by theory (Petitgas 1993). Little structure could, however, be inferred from the
variograms- of 'pilchard-and round. herring even at the lowest cut-off level during the
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second survey, suggesii
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Vertical migrations and diurnal variation in dénsity may influence the patterns of spatial

structure. If part of the population is not acoustically accessible during certain times of

' the day, then the variograms will not be reflecting the structure of the entire population.

For this reason, vertical migration pattems during the surveys were investigated. The
mean depth at which all three species were recorded for each s’ﬁr've_y is shown in Figure 6.
Large scaie vertical migration of horse mackerei was noted with the mean depih ai night
being between 20 and 30 meters from the surface, whilst durmg the day mean depths

ranged between 30m and over 80 m. No clear signs of vertlcal migration were evident
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miintain ‘a depth of betwee'n 10 and 20 m t:hroughout the day and night. No fish
.recordmus above 10 m were made, 1nd1cat1ng thdt the entire populatmn was wrthln ﬂ _

survey limits.

Furthermore', méan dénsity estimates indicated that the highest estimates of density were
_ma&e."&mirtg'the‘day *(Fig’ure 7) whén fish ‘are ‘most tikeiy' io be deeper in- ihe watg -
" column. Horse mackerel mean densities were rnuch higher during the day than at night,
possﬂ)ly also 1ndtcatmg more aggregatton of fish durmg the day compared to the night,
Piichard densiiy pe ed' t ‘around sunrise '
out'the rest of the 'neric")d::densitie's were very low.. These results will,
- however, be influenced by ‘the large amount ‘of zero values recorded ‘for pilchard and: -
rotnd hemng, maklng it difficult to draw any main conclusions:about diurnal varratton ins
the ‘density - of these two snemes * Alternatively, densuy Yariations may be an artifact -
caused by differéntial TS for/both day arid night targets, as'has been observed in-other.

species (Huse et al,’1998)

structural analy31s of the horse mackerel popu-latten as day- and night densmes were ‘very.-
' 'dtfferent Pllehard and round herrmg varrograms would, however, not have been effected. .

RN L .

at the same scalé because except for one peak in the density of each, densities remained -

similar during the day and night,
Diséussion
-Th‘ e a naly vsis of sr)atral structure, usmg geostatlsttcal techmques has elumdated to "

_ varrabllxty in the spatral structures ef the three co occurrmg specres and is relevant for the _
planning of future bromass surveys in the region. ' o
"Although mean densmes and vanances have been compared between surveys, 1t 1s :
.1mportant to remember that the data 1s hlghly autocerrelated and gtven the systemattc"f
survey des1gn, the averages cannot be compared statlstrcally usmg classxc samphng

theory as the variances are biased. Anet




this study, is the direction of the transects. As fish aggregation patterns are often related to

both bathymetric and hydrographic features, it is assumed that the maximum deilsity

direction, is therefore not ideal as the transects are more likely either to over sample or under

' sample the high-density areas.

The similar structures observed for horse mackerel during both surveys indicétés
homogeneity in the distributions and a certain degree of stationarity. This enables siri‘iiiar

estimates of hiomass to be obtained during successive coverages of the samé area. The
lack of structure during the second survey for pilchard and round herring for even the
lowest cut-off level is probably a consequence of the patchiness of these clilpebid

distributions . at, 2 range smaller than the ranges _studied. Similar s_tructura_l analysis

a3

of less than 10 nm. These fmdmgs indicate that a transect spacing of less than 10 nm is

required to a_de,quately sample pilchard distributions. Furthermore, thsre were also

The lack of structure in the clupeoid variograms suggests that when a school is encountered, .

it is not possible to predict where the next one may be found (Petitgas, 1993}.. The horse

~ mackerel variograms however, indicate an increase in variance with an increase in distance

between poinis. TI ney also show a gradual decrease in autocorrek

cut-off densities, which reflects a gradual transition between low and high values.

Tl e i 2h wmmwr oo
Furihermore, it may be- 1l

mackerel were more dispersed than the clupeoids, the probability of encountering. horse

mackerel would be greater. This is also evidenced from the similar estimates of biomass of
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aecurate= estimates of horse mackerel with less sampling effort and simpler survey ‘design
a n that which is necessary for an accurate mlchard or round herring estimate. ThlS has-

also been observed in the southern Benguela where pilchard surveys tend to have mgher‘» 3

varrances than anchovy estimates (Hampton 1992 Barange and Harnpton 1997).

Because of the skewness of the clupemu density custrlnunons, it is obvious that tnese survey
" estimates of density and variance rely greatly on the ‘hit or miss’ of a few extremely high

values. In the case of thlS survey, removal of only one pilchard’ valué reduces the biomass'

estimate by approxnnately 45 % and the var darice by 90 '%. It is therefore clear that t an
adeqna.e samphng effort and a car efully desigried survey are essential to ensure that these

searce but high -density schools are sampled in an unbiased and efficient manner. However,
it must be remembered that the’ data analysed is highly correlated, and therefore that survey?'

means c“ not bé teeted for statlsucal significance. The resuilts obtained in this paper would:
most. hkely result in hlgher ‘CV’s than surveys designed according to random sampling

theory 0 olly and Hampton 1991) where densrtres are averaged along the transects surveyed.”

The short autocorrelation ranges of the' pilchard and round herring variograms at even'the
lowest densities indicate that,'should a stratified random sampling be used in future surveys,
a small average inter-transect d1stance be obtained (Bearange and -Harapton - 1997).

L Lol

- However, because this is not always possible e due to time and financial ‘constraints, somé -
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is reduced substantlally as  §oon as 'h'igh-density areas are encountered (Barange and
Hampton 1997) This would énsure 1mproved samphng of the hlgh densities areas-and'a-

ensure an unbiased estimate of b"ofth the mean and the variance.

e results obtained clearly indicate that nelae:ié surveys in the region should be designed

5?

: aecordmg to the specific ‘structural’ pattems ot the target specres, while a single design may -

not be the most eff1crent for all pelagrc spec1es
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Table I. Comparative density estimates for both surveys.

o | Surveyl = - Survey2
Species Mean | YV | n - il > 0 Mean | C‘\rr. il V n>9
Pilchard . |1058 058 764 121 | 253 035 781 56
" Roundherring | 659 039 764 163 | 052 020 781 65
'r.r-‘_..._'.. I . B AN AL n 'E . ‘TI'KA T oAQA 273 £ nN11 "J‘O‘.I g 2o ]
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Table II. Contribution to overall mean density and variance of each of the cut-off

indicator variabies. Also shown are ilie proportion of values which fall into each class:

" and the probabilities P(Z(x)) of vaiues exceeding the cut-off levels {z).

o o o ~ Survey 1 . - _ o
_Species - Cut-off ¢) P(Z(x)2() %Mean % Variance -
* Pilchard Sa 1 0156 100 99.6
: 100 0.049 - 98.3 . 99,6
1000 . 0.013 01.3 99.5
Round herring Sa 1 0.213 100 . 993
100 0.043 85.7 99,2
1000 0.013 88.4 99.1
Horse mackerel Sa 1 0.630 100 95.9
100 0.380 . 98.2 93.6
1000 0.115 71.4 . 92.6
Survey 2

Pilchard Sa : 1 0.072 , 100 : 99.0
100 A 0,034 96.5 99.0
- 1000 . 0.064 _ 69.5 95.9
Round herring Sa 1 0.083 100 97.1
' 100 ' - 0.023 74.4 92.6

1000 ' L o- - -
Horse mackerel Sa 1 0.668 100 96.7
160 0.38¢2 07.4 94.5
1000 0.119 75.5 93.6




" Table IIL. Model parameters fitted to indicator variograms, |

PILCHARD
Survey 1 Survey 2
Indicator Range Sill Nugget Raﬁge sil - | Nugget |
Sa>1 i6 0.105 0.036 - - -
Sa > 100 - - - - - -
| Sa > 1000 - - - - - -
ROUND HERRING
[ Sa>1 25 0.175 0.0051 - - -
Sa>100 - - - - - -
Sa > 1000 - - - - - -
HORSE MACKEREL
Sa>1 35 0.23. 0.04 39 0.19 0.06
|Sa>100 | 16 0.165 009 | 25 | 0125 0.12
| 84> 1000 9 10.055 0.055 20 0.102 - | 0.021
Exponential models best fitted all variograms and are described as follows: (Cressie,
1991): _ ' -
 9(h:0) =0 or Co whenh =0, _
y(h:8) = Cg + C, {1-10%¥*}when hz0
where C. is the sill due to the exponential structure and o, is the range parameter of the
exponential structure. '
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Figure 2. Distribution and relative abundance of pilchard, horse mackere] and round herrring recorded during survey 1 :and; 2
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