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The Estimation of Uncapped Acoustic Survey Biomass from Capped Data

C.L. Cunningham,”D.S. Butterworth"and J. Coetzee?

I ntroduction

Management of the South African sardine and anchesgurces is critically dependent on estimates of
recruitment and spawner biomass obtained from tagainestic surveys. These surveys commenced in
1984, but in 1997 new equipment (an EK500 echode)meplaced the older EK400 echo sounder.

The introduction of the EK500 echo sounder revealsdturation problem with the EK400 echo sounder,
particularly for sardine (Coetzee 2003). Survetingstes since June 1997 were initially ‘capped- at

29dB for assessment purposes, to maintain a cotviparae-series from 1984.

Although this provided a temporary solution to tliéerence in estimates between the EK400 and EK500
echo sounders, it has been recommended that theysestimates of abundance be based on the EK500
technology (BENEFIT 2001). Although absolute measuof biomass output from the anchovy
assessment are scaled by separate egg surveytestmh@abundance, the sardine assessment outputs ar
scaled purely by the hydroacoustic survey estimat@gnagement of these resources becomes more
efficient (i.e., greater catch can be allowed far $ame perceived risk) if bias in such absoluienates

can be reduced, particularly by accounting for aguration problem and by the use of improvedetarg

strength estimates.

In dense fish schools, fish at the top of the sthbsorb most of the energy from acoustic echoadign
such that fish lower down in the school are indedifwith less energy, resulting in the acousticoech
signals no longer being proportional to the fishgiy. This signal attenuation affects mostly sadnd

has recently been quantified (Coete¢al 2002).

In this document, a regression analysis of the edfpo attenuation in the case of sardine) densitie
the uncapped (with attenuation in the case of sajdiensities is carried out. This analysis inetud
densities calculated with the new target strengfiression, whilst previous analyses used the olgeta
strength expressions (Cunninghamal. 2006). In addition, the calibration of uncapmihsities from

capped densities in years prior to 1998 is alstopaed.
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Mathematics, University of Cape Town, Rondebos@®17 South Africa. Emaikt.l.cunningham@telkomsa.net
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M ethods

Data

The data available to determine the calibratioatr@hships required for anchovy were the capped, ne
target strength estimates of density per intereaklfort segment of a survey transect line) and the
uncapped, new target strength estimates of thisityeior the recruit and spawner biomass survegsfr
November 1997 to May 2006. For sardine, attennatias taken into account in the uncapped, not the
capped estimates, and surveys from May 1998 to 208% were considered. For ease of reading, these

densities are simply referred to as capped andopecbdensities below.

Regression of the capped data on the uncapped data

Both the uncapped and capped survey estimatesoofidsis are subject to survey sampling error.
However, the uncapped estimate is free from thilndarerror caused by the saturation problem regulti
from the EK400 echo sounder. In addition, for sadthe uncapped estimate is also free from furthe
error due to attenuation at large densities. Thesincapped data are the only set of ‘true’ olezbdata.
(Note that in the context of estimating the cappedapped calibration factors, the survey samplingre
does not impact the ‘trueness’ of the uncapped; dhia is because the comparison being made is
between capped and uncapped estimates (with atiemdar sardine) for the same survey track in the
same stratum, so that the resultant abundance a#sinby stratum are subject to identical survey

sampling errors (i.e., the pair of estimates agc#y correlated in this respect).)

With the ultimate purpose of this exercise beingdlbrate capped estimates of density in earkary to
uncapped estimates of density, the model and methasen for regression need to be able to accyratel
calibrate the densities of earlier years withoutstderable bias. The regressions were performead on
logit transformation of slope (capped/uncapped)rajaincapped densities, thereby ensuring thahguri
the process of generating data to compute then@iassociated with the calibrated uncapped dessiti
the sampled slope would remain within the realisinge of [0,1]. Thus the 1997/8 to 2006 slopes
(capped/uncapped density) per interval were regdesgainst the uncapped estimates of density per
interval. These regressions were performed segaratlr the recruit and spawner biomass surveyd, an

for sardine and anchovy separately.

A mixture model was used so that the observedvatelata where slope is 1 could be treated separate
than when observed slope < 1. The mixture moded ttonsisted of a portion which fitted a model to
estimate the probability that the observed slopge Waand a portion which fitted a model for slopéhe

uncapped data in cases where slope < 1.

Considering the data, we first attempted to fit egative exponential to the relation between the

probability that the observed slope = br()bif?”ezl) and the uncapped density. A binomial error
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distribution was assumed. Thus the negative lagiikbod which was minimised to estimate the model

parameters was:

ZZ(pro S!iopctl)l(l_ pro S!iopecl)0 It uy; =cy,
y i

ZZ(prObaiopgl)o(l_ pro S!iop(‘tl)1 if Uy #Cyj
y i

where uy; denotes the observed uncapped density in intenafl year y and c,; the corresponding

-InL=

capped density. Models which consisted of varicusbinations of constant slope, straight lines, and
negative exponential curves were explored, withinflection points for switching between the ditet
curves fixed in some instances and estimated iargth Using AIC to compare between models, and
looking also to apply the same model to all fouss s data, the following model (consisting of #are

straight lines followed by a constant) was chosen:

U, i <u”

mu,. +b if u,; <u
m (uyyi—u )+mu +b if u <u,; <u

S|0p8=1_ * % * K * *
proby " =4 m (u -u J+mu +b-p e (1)
L — Uy —u )J+p if u <uy; <u
u -u ’ ’
p if u,; 2u

whered={m" ,m",b,p,u",u ,u’ }are estimated parameters. Although a slightlgdsenodel fit in

terms of AIC was obtained whem™~ was fixed, this seemed an inappropriate basiglioice in this

instance as the fixed value selected was arbitrary.

Although a number of different error structures evamvestigated when testing regressions of capped
densities against uncapped densities, the absettte structure (i.e. errors with a distributionOg)
added to the equations below) was generally foorteetadequate for regressing slope against uncapped

density. The models tested included:

i) a linear model: slopg,; =m,
u,; —u J+ O<u,; <u
ii) a “2-line (cst largeu)” model: slopg; = m| 7 uJohy yre T
’ bl uy,i >ul
u,; —Uu |+ O<u,; <u
iii) a “2-line (sloped)” model: slope; = ml% v 1; by yi=m
oMUy U )t g >y
: . b, O<uy; <y
iv) a “2-line (cst small))” model: slopg; = '
’ mZ(UyI _ul)+b1 Uy > Uy
v) a “Beverton-Holt type” (or BH type) model:slopq,yi =ﬁ
yii

a

2 0 <
Yl
vi) a “Beverton-Holt (adjusted) type” (or BH-adjesttype) modelslopg,; = 1+§Jy'i

u. .
1+ pu, e
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Model iv) was needed only for the anchovy May survdnitial results indicated that the absolute
variance around the fitted relation could changeveba certain uncapped density. Thus two different
error models were tested:
a) constant variance: g, =0
b) changing variance: Oy ={ ‘ ?f Uya =
oloo ifug;>u,

The parameters estimated are thus a subsqm:({fnl,mz,bl,ul ,a,ﬁ,a,d} (dependent on the model i)-
vi) and variance formulation a) or b) chosen). Trifeection point for change in varianca,, was fixed

based on a grid trial for the best fit. A normikélihood was used to fit the model predicted Iatiipe to
the observed data where slope < 1:

-InL= gz 0.5In(a§’i )+ O.S(In(MJ ~ slope,,; J /a;i , for c,; <uy; . (2)

Y.l

Calibration of uncapped data from capped data

The mixture model chosen above gives an expectggedadensityc, ;, from a given uncapped density

| .
eS opq,’l

cy. = 1(0.00,,)= prodfir=s xu,, + = progfreeu,, x =i

This equation can be inverted to solve non-lineftyu, ;| i.e.

u,; =gl6.@c,;) 3

given the capped interval densities in early years.

Results and Discussion
The model fits to the probability that observedoslds 1 are given in Figure 1, with the estimatedi@ho

parameters given in Table 1.

Table 2 lists the AIC values for combinations ofdels i) to vi) and error structures a) and b) dafin
above. In all cases the changing error optionltexdin better fits to the data according to AlGngared

to the unchanging absolute error option.

The “2-Line (sloped)” model had the lowest AIC walfor the sardine November survey, but the fitted
model resulted in decreasing capped density ak lamcapped density which is unrealistic for the
relationship between uncapped densities from capedities. The “BH-adjusted type” model (which

by construction avoids this problem) was thus chpbaving a good fit to the data (Figure 2) and the

second lowest AIC value. For the sardine May surtkes “BH type” model resulted in a good fit to the
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data. The inclusion of the extra parameter in‘Bté-adjusted type” model did not result in a subsi

improvement in the fit and thus the AIC value foe tBH type” model was best.

For anchovy May and November surveys the “2-Linepgd)” model had the lowest AIC value.
However, the fitted slope was (marginally) positiee lower uncapped densities for the May surveg an
positive for higher uncapped densities for the Noler survey. Both such behaviours seem unrealistic
even though (weakly) supported by the data. Femtichovy November survey, the “BH-adjusted type”
model was thus chosen, having the second loweswAl@: and a good fit to the data (Figure 4). tRer
anchovy May survey, although the “2-Line (cst smgll model was the second best fit to the data
according to AIC, it was decided to use the “BHeaymodel (which had a similar AIC value) to maimtai

consistency with the other three cases.

The model fits to the observed logit slope anddbesequent “regression” of capped against uncapped
densities per interval are shown in Figures 2 toThe maximum likelihood estimates of the paranseter
are given in Table 3. The standardised residualsiat suggest any obvious model misspecification

(results not shown).

Probability density functions (pdfs) of the stardised residuals are given in Figure 6, togetheh wit
comparisons to the pdfs of the standardised relsidoa the same models, but without using a logit
transformation in equation (2). In all four casess clear that the logit transformation providiée
additional benefit of resulting in residuals thaé dess skew than would have been obtained had no

transformation been used.

Tables 4 and 5 list the annual capped and uncaggesity and biomass calculated using the calibratio
of equation (3). The full series is given for cdaipness. Figure 7 demonstrates the differencecast
the annual capped and uncapped biomass for theyemnis, with the greatest difference occurringhim

sardine November survey.

Summary

This document has summarised the regression asggsgiormed on the capped and uncapped new target
strength interval densities, taking attenuation iatcount with the uncapped data in the case dfrear
Two models were chosen: the “BH type model” for tay surveys and the “BH-adjusted type” model
for the November surveys; both with the variancangfing with uncapped density. The estimation of
uncapped new target strength (with attenuatiomhéndase of sardine) densities from capped newttarge
strength (no attenuation in the case of sardine}iles was performed using the relationships abthi

The annual and strata CVs for the estimated unchpioenass in early years will be finalised shortly.
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Table 1. Parameter estimates for the model prediptebability that observed slope is 1. The uncapgensity inflection points are given in g.m

Parameter Sardine Novembegr Sardine May Anchovy hbee Anchovy May
m’ slope of straight line when < u’ 4.1 -8.4 -25.4 -26.1
m~ | slope of the straight line whem <u<u’ -0.018 -0.043 -0.017 -0.015
b probability-axis intercept for straight line 0.79 0.99 0.98 0.99
whenus<u’
P constant probability when = u’ 0.006 0.016 0.083 0.079
u 18" inflection point 0.086 0.052 0.017 0.014
u* | 2inflection point 12.3 7.9 13.6 17.7
U 34 inflection point 109.8 107.8 115.6 208.0

Table 2. AIC values for a combination of models amdr structures for slope, given that observaapsl< 1. The values ioold are the lowest and those in shaded

italics represent the model chosen.

Error Unchanging(a) Changing (b)

Model 2-Line 2-Line (cst 2-Line (cst BH-adjusted 2-Line 2-Line (cst 2-Line (cst BH-adjusted
Survey Linear (sloped) large u) small u) BH Type Type (sloped) large u) small u) BH Type Type
Sardine November 2781.7 2413.0 2411.0 2415.8 2414.1 2334.9 2351.8 2350.9 2342.9
Sardine May 1915.6 1774.6 1773.3 1760.9 1762.9 1767.2 1768.3 1751.9 1753.9
Anchovy November 3127.5 3125.6 3125.3 3124.5 31255 3112.7 3119.7 3119.0 3117.6
Anchovy May 2210.3 2208.9 2210.3 2212.8 2212.3 2214.3 2204.3 2204.8 2206.6 2207.3 2207.8

Table 3. Maximum likelihood parameter estimategtiermodel of slope, given that observed slope ¥He values fou, were fixed.

Parameter Sardine November Sardine May Anchovy hbee Anchovy May
a BH type model parameter 0.93 0.93 0.92 0.94
B | BH type model parameter 0.0047 0.0044 0.0002 1.5 E-07
Uy inflection point for change of slope 577.9 642.6
O | standard deviation in fit to the data 1.78 1.84 51.8 1.95
0 Multiplicative change in standard deviation 0.53 0.58 0.55 1.16
u, | Density at which variance changes 150 200 450 100
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Table 4. The annual capped new target strengthijeasd biomass with CV and the annual uncapped taeget strength (with attenuation for sardine) dign
and biomass for the November spawner biomass survBlye annual total density and biomass overtedts are given from 1984 to 1997, while the totagsto

Port Alfred only are reported between 1998 and 2@4ibrated values are given bold.

Sardine Anchovy
Capped New Target Strength, No Uncapped New Target Capped New Target Strength Uncapped New Tar get
Attenuation Strength With Attenuation Strength
Y ear Density Biomass | cV Density Biomass Densty | Biomass | cV Density Biomass
2006 Data unavailable 52.83 712552.7 Data unavailable 100.50 2106273.2
2005 42.88 394033.3 0.29 127.96 1048990.9 90.50 2439135.5 0.14 116.68 3077001.4
2004 52.12 1078175.5 0.27 130.40 2615715.3 88.14 1680796.8 0.13 101.82 2044615.1
2003 145.3 1439415.17 0.17 311.0 3564170.89 126.61 3025983.5 0.26 151.64 3563231.6
2002 161.6 1443846.77 0.18 358.0 4206250.5 132.38 3152741.3 0.14 163.04 3867649.2
2001 63.02 1130642.7 0.12 122.46 2309600.3 362.22 5425611.0 0.11 446.61 6720287.0
2000 36.61 855415.0 0.36 85.73 2292396.7 166.60 4107741.3 0.12 190.57 4653803.3
1999 85.04 883571.4 0.17 161.21 1635410.5 120.22 1723504.2 0.15 137.42 2052155.7
1998 95.94 843077.8 0.21 189.77 1607328.3 74.68 970108.6 0.21 95.74 1229132.5
1997 94.10 669297.( 0.2p 235.85 1436479.5 55.83 1485779.7 0.2p 60.52 1616062.4
1996 86.48 376130.8 0.21 159.59 632927.0 11.85 118989.5 0.38 12.57 126320.5
1995 45.69 556030.( 0.38 83.95 1246701.1 39.37 523739.4 0.16 42.62 569432.0
1994 34.25 395308.7 0.50 47.44 466577.0 38.71 502325.4 0.98 41.59 538273.2
1993 36.17 477061.7 0.58 62.15 713150.7 36.81 132254.4 0.38 39.71 140270.8
1992 40.01 460924.3 0.38 110.52 715326.1 127.94 2231043.0 0.6D 140.66 2450286.7
1991 56.98 1691168.7 0.48 128.86 3627360.5 135.60 3347425.9 0.3B 147.90 3645663.1
1990 21.98 605112.6 0.44 29.91 759199.6 30.47 352310.2 0.78 32.58 375827.1
1989 54.86 1016813.( 0.50 103.70 2007255.5 67.36 1611812.8 0.3p 72.76 1743498.9
1988 9.23 85377.3 0.5% 13.27 158423.7 112.77 1982190.% 0.2p 122.39 2155611.1
1987 4.66 47308.1 0.43 6.08 52373.6 127.67 1176872.9 0.2p 140.08 1283723.0
1986 27.45 306480.¢ 0.65 57.25 497992.7 529.78 5472987.8 0.78 603.31 6292371.4
1985 2.11 40078.3 0.43 2.32 44481.7 75.54 1561205.2 0.2 81.74 1692415.2
1984 0.63 187.1 0.89 0.75 221.7 35.32 13631.9 0.28 38.08 14645.2
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Table 5. The annual capped new target strengthifeasd biomass with CV and the annual uncapped taeget strength (with attenuation for sardine) dign
and biomass for the May recruit surveys. The ahtatal density and biomass over all strata aresgiirom 1984 to 1996/7, while the totals up to Chyanta
only are reported between 1997/8 and 2006. Caléxfatalues are given ioold.

Sardine Anchovy
Capped New Target Strength, No Uncapped New Target Capped New Target Strength Uncapped New Tar get
Attenuation Strength With Attenuation Strength
Y ear Density Biomass CV Density Biomass Density Biomass CV Density Biomass

2006 35.38 83557.2 0.29 50.34 14054%.5 72.74 256455.5 0.15 80.49 297871.5
2005 7.12 305009.1 0.30 13.91 99654.8 155.12 292041.( 0.3p 173.79 31251B.4
2004 56.26 60626.4 0.32 144.64 129397.9 416.18 980944.7 0.21L 476.718 111342]1.8
2003 167.08 398871.2 0.1 445.%2 103227B.0  428.45 1292077.% 0.211 492.79 143616p.4
2002 112.48 425214.4 0.1p 226.67 71624p.3  621.02 1661819.6 0.1p 675.29 185512p.9
2001 88.54 308999.4 0.21 149.53 503848.6  468.13 1754743.9 0.1¢4 552.57 199911pP.9
2000 90.75 241650.1 0.28 320.22 51000%.9 778.17 2318384.8 0.18 952.05 256929D.3
1999 54.77 157293.7 0.24 203.97 42185p.3  371.79 729152.2 0.14 440.08 87868].8
1998 98.93 94320.2 0.34 190.75 142607.7 238.15 403627.7 0.1p 288.13 46699B.8
1997 124.35 205046.6 0.1 372.91 383810.4 273.7 384414.74 0.1f 305|7 443128.67
1996 21.50 80530.6 0.24 23.83 89511.2 32.65 83634.3 0.21 33.94 86638.67
1995 91.90 150134.9 0.18 128.63 206807.8 279.92 440705.4 0.1p 294.44 461867.19
1994 65.57 137812.7 0.2p 118.43 183983.8 93.56 139295.7 0.1y 97.90 145337.86
1993 57.58 81075.4 0.24 112.01 112058.3 77.87 459671.9 0.2b 81.29 481095.20
1992 11.65 66546.6 0.2 12.96 74304.4 128.70 439496.4 0.1p 134.52 458446.75
1991 4.59 24299.1] 0.23 4,97 26514.6 197.18 503787.4 0.14 207.06 528163.66
1990 6.68 24454.6 0.54 7.93 30270.8 40.09 163346.( 0.2P 41.70 170080.23
1989 14.53 51772.5 0.29 18.86 65328.7 65.31 166411.2 0.19 68.69 173343.90
1988 2.13 4921.1 0.37 2.27 5193.9 215.73 537073.1 0.1p 226.47 563097.25
1987 17.37 59692.3 0.38 24,12 96099.1 286.88 685798.( 0.1p 302.84 722011.20
1986 96.24 60490.5 0.48 616.29 646452.0! 516.22 595897.( 0.1 544.50 626841.98
1985 16.84 31023.1 0.34 19.69 37619.8 148.48 351192.2 0.2b 155.84 368611.30

1 This large uncapped biomass is questionable aadada large uncapped density estimated for str&@ape Point to Danger Point). Reasons foratéscurrently being
investigated.
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Figure 2. The model fits to the observed logit slapd the consequent slope and “regression” of eapggainst uncapped densities per interval forddeline November
survey.
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Figure 4. The model fits to the observed logit slapd the consequent slope “regression” of cappgairest uncapped densities per interval for the avghNovember

survey.
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Sardine November Sardine May

Figure 6. Probability density functions of thersdardised residuals from the regression of cappatd dgainst uncapped data. Pdfs are given for Itlaghcase of fitting

to the logit transform of the slope and the castittirfig directly to slope (no transformation).
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Figure 7. The capped new target strength (no adéon for sardine) annual biomass and calibrateadapped new target strength (with attenuation fodsee) annual
biomass.
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