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Abstract 

A method is developed for calculating asymptotic confidence intervals for estimates of 
abundance obtained from trawl surveys conducted by means of the swept area method, 
using likelihood ratios from Aitchison's delta distribution. Simulation tests of the 
method show that unbiased estimates of density and biomass can be obtained and that 
the estimated confidence intervals have close to the nominal coverage probability. 
Performance deteriorates in cases where few of the hauls contain fish and the coefficient 
of variation (CV) is high. The upper confidence bound appears to be slightly less 
reliable than the lower. 

Resume 

Developpement d'une m6thode de calcul des intervalles de confiance asymptotiques 
des estimations d'abondance provenant des campagnes d'evaluation par chalutages 
menees au moyen de la m6thode de l'aire balaybe et en utilisant les rapports de 
probabilite de la distribution delta de Aitchison. Les tests par simulation de la methode 
indiquent qu'il est possible d'obtenir des estimations non biaiskes de densite et de 
biomasse et que les intervalles de confiance estimes ont une probabilite proche de la 
couverture nominale. La performance est moins bonne lorsque le nombre de traits 
contenant des poissons est faible alors que le coefficient de variation (CV) est elev6. 11 
semblerait que la valeur supkrieure de l'intervalle ne soit pas aussi fiable que la limite 
inf6rieure. 

Pa3pa60~a~  MeTOn BbIYMCJIeHPiR aCMMIlToTMYeCKHX AOBepMTeJIbHbIX MHTepBaJlOB IIO 

04eHKaM YHCJleHHOCTM, IIOJIyYeHHbIM B pe3ylIbTaTe TpWIoBbIX C'beMOK, IIpOBeReHHbIX 
B COOTBeTCTBIlM C MeTOAOM IIpOTpUIeHHblX IIJIoII&IAefi, H~~oJIb3y1oIQPifi COOTHOlrreHHR 
BePOXTHoCTll no AeJIbTa-PaCIIpeAeJSeHH ~ ~ ~ T Y L I C O H ~ .  Pe3yJIb~a~b1 IIMHTaQAOHHOrO 
MCIlbITaHPiSI MeTOAa nOKaSbIBafOT, Y T O  M O X H O  IloJIyYPiTb HeCMeWeHHble OqeHKll 
IlnOTHOCTll H ~ A O M ~ C C ~ I ,  a YTO PaCCYATaHHbIe AOBepHTeJlbHbIe HHTepBanbl 6 n k 1 3 ~ ~  K 

BePORTHOCTH HOMHHaJIbHOTO OXBaTa. A a ~ ~ b ~ f i  MeTOA CTaHOBHTCX MeHee 
~ @ @ ~ K T W B H ~ I M  TorAa, KorAa pb16a IIoIlaAaeTCR JIHlrrb B ~e6onbruoe KOnllYeCTBo 
T ~ ~ J I ~ H M ~  M K O ~ @ @ H I @ ~ ~ H T  BaPHaqllH (CV) BbICOK. ~ P ~ A C T ~ B ~ R ~ T C X ,  YTO B ~ P X H H ~ ~  

~0~epM~eJIbHbld IlpeAeJI MeHee HaAeXeH, YeM HHxHH~~. 

Resumen 

Se elabora un metodo para calcular 10s intervalos asintoticos de confianza para las 
estimaciones de abundancia obtenidas de las prospecciones de arrastre mediante el 
metodo de area barrida, empleando razones de probabilidad de la distribucion delta de 
Aitchison. Las pasadas de sirnulacion del metodo indicaron que se pueden obtener 
calculos correctos de densidad y de biomasa y que 10s intervalos de confianza 
calculados se acercan a la probabilidad de cobertura nominal. El rendimiento deteriora 
en casos en donde solo algunos lances contienen peces y el coeficiente de variacion (CV) 
es alto. El limite de confianza superior podria ser ligeramente menos fidedigno que el 
valor inferior. 
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INTRODUCTION 

In 1991 and 1992, the Working Group on Fish 
Stock Assessment (WG-FSA) drew attention, as a 
matter of priority, to the difficulties which had 
been experienced in the application of the swept 
area method for estimating fish stock abundance 
(Saville, 1977) and associated t-statistics, as a basis 
for confidence interval estimation, to species with 
patchy distributions, such as Charnpsocephalus 
gunnari. Although a workshop was held on this 
matter in Hamburg in 1992 (SC-CAMLR, 1992) 
progress on the statistical considerations of the 
swept area method was hampered by the absence 
of statisticians. This paper addresses some of the 
statistical issues which are of concern in the 
analysis of trawl surveys, and in particular, 
develops an improved method for the estimation 
of confidence intervals. This is a brief overview of 
some of the results to be presented in a more 
substantial paper on this subject which is 
currently in preparation. 

BASIC METHODOLOGY 

The statistical distribution of net haul densities 
has to allow for an often substantial probability 
that a given haul will produce a zero density 
estimate (i.e., the net is empty). The statistics of 
such distributions have been examined by 
Aitchison (1955), and Pennington (1983) has 
recommended using Aitchison's delta distribution 
as the underlying statistical model when 
analysing net haul survey data. This 
recommendation is followed in the method 
developed here. The delta distribution consists of 
a discrete probability at the origin and a 
lognormal distribution for the non-zero 
observations. The delta distribution has the 
following probability function: 

where p is the proportion of observations for 
which X > 0, h and  a are the parameters of the 
lognormal distribution of the non-zero 
observations, Io[x] is an indicator function which 
takes the value 1 when X = 0 and 0 otherwise, and 
I(o,,,[xl takes the value 0 when X = 0 and 1 when 
X > 0. The first term represents a discrete 
probability mass at the origin and the second 
term, a probability density. If p = l, (1) is the 
probability density function for a lognormal 

distribution. The statistical methodology which 
follows is also valid for the lognormal case. The 
log-likelihood of a vector of observations X ,  ... X N  
from a delta distribution is given by: 

where N is the total number of observations and 
m is the number of non-zero observations. The 
last two terms are additive constants which can be 
ignored when maximising the likelihood function 
to calculate estimates. In the method described 
here, it is the densities in each haul which 
constitute the X,. Using Aitchison's (1955) 
formulae, the minimum variance unbiased 
estimate of the mean density is: 

where and s2 are the sample mean and sample 
variance (the unbiased estimate of the population 
variance) of the log of the non-zero observations 
and: 

m- l  
G,(t)= l+----t 

m 

Pennington (1983) gives the following 
unbiased estimator for the variance of the mean 
density: 

The usual sample statistics for the mean and 
variance are not minimum variance estimators for 
this distribution; the statistics of equations (3) and 
(5) are more efficient estimators (have lower 
expected standard errors). 
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Using a likelihood ratio approach (Cox and 
Hinkley, 1974), asymptotic confidence intervals 
on the mean density can be found as the roots of 
the following function: 

where X is the vector of observations XI ... xN, x ~ ~ , ~ ~ s  
the critical value of the x2 distribution with one 
degree of freedom, at the a probability level. 

An asymptotic confidence interval for the total 
abundance can be found from the log-likelihood 
expressed as a function of the total biomass, given 
by: 

where bj is the biomass estimate for stratum j. In 
calculating an asymptotic confidence interval we 
need to find the value of B which gives a specified 
critical value for the log likelihood. However, the 
likelihood is a function of the vector b, so that the 
log-likelihood has to be maximised over the 
vector b, subject to the constraint given in 
equation (11). This is achieved by maximising the 
log-likelihood over k - 1 of the stratum biomasses, 
with the remaining value fixed as: 

Abundance estimates (b) and their confidence bl = B -  (12) 
j=2 

intervals are calculated in the usual way as the 
product of the corresponding densities and the 
area covered by the survey (A) for example: Thus, the confidence interval is given by the 

roots of the following function of B: 

STRATIFIED SURVEYS 

The variance of the abundance estimate is the 
product variance of the density estimate and the 
square of the area of the survey: k 

X 
j=l ob2 = 6 2 ~ 2  

(8) 

In the case of stratified surveys, it is assumed 
that the hauls from each stratum are drawn 
randomly from different, independent underlying 
delta distributions. In this case, the mean density 
for each stratum is calculated by applying the 
delta method estimator, equation (3) .  The total 
abundance estimate B is given by: 

where dj is the mean density in stratum j, and A, 
is its area. The variance of B is given by: 

~ ~ Y ( X , ; ~ ~ . ~ , , K , ~ )  

where X, is the vector of observations for stratum . . 
1, I.e. X ,,,... x~j , , .  The vectors of biomasses b ,... bk 
at the roots of function ( 1 3 )  are regarded as 
nuisance parameters, which need not necessarily 
have any obvious relationship to the confidence 
intervals for the biomass estimates within 

m .  
p .  =--L ' N; ' 

h j  =I XI n x v ,  
m j  x,]>o 

K = ( l  L , ) ~  
X,]>O - 
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each stratum. The values of p, and K; are also worst performance in the cases which include 
nuisance parameters which have to be found stratum 1. Overall, the confidence intervals are 
by maximising the log-likelihood function for close to the nominal percentage of coverage, with 
each trial solution B, b,. . . b,. Thus, numerical the worst departures occurring in cases where one 
maximisations occur in a nested fashion, which of the strata has a high CV and few non-zero hauls. 
results in a considerable computational burden. 

A computer program (TRAWLCI) 
implementing this method has been developed 
and made available to CCAMLR. 

SIMULATION TESTS OF THE METHOD 

The computer code implementing the method 
was embedded in a computer program which 
generated random data from a number of strata, 
for which the true densities and biomasses were 
known. A large number of such data sets was 
generated and the method used to calculate 
biomass estimates and their 95% confidence 
intervals so as to compare them with the true 
parameters used to generate the data. 

CONCLUDING REMARKS 

Straightforward extensions using the log- 
likelihood function enable likelihood ratio tests of 
hypotheses such as whether the density estimates 
from different surveys are homogeneous, or have 
specific hypothesised values. They also provide 
the basis for fitting regressions to time series of 
trawl survey abundance estimates, or mixture 
distributions to density-at-length data. The latter 
procedure has been used in estimating 
proportions of recruits in krill surveys (de la 
Mare, 1984). 
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All the possible combinations of these three 
strata were used in the trials. The results are 
shown in Table 1. Fifty hauls were made in each 
stratum, and so the expected numbers of non-zero 
data in each stratum are 5,25 and 45 respectively; 
the actual number of non-zero hauls is a 
binominal random variable. The results show 
that the abundance estimates appear to be 
unbiased. The results from stratum 1 do not seem 
to be very close to the true value, but the 
differences are not statistically significant given 
the number of trials conducted. The apparent 
differences are therefore probably due to the 
estimates having a large coefficient of variation 
(CV), and a small number of non-zero data points. 
The number of non-zero data points has a large 
effect on the precision of the estimates of the 
parameters of the lognormal component of the 
delta distribution. 

The lower confidence bound estimates appear 
to be quite reliable and close to the nominal 
percentage (2.5%). The upper confidence bounds 
appear to be slightly too close to the mean, with 
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Table 1: Results of simulation tests of the trawl survey confidence interval (C.I.) estimator. In cases involving 
stratum 1, the number of trials is affected by the exclusion of data sets which had less than two non-zero 
observations in that stratum. The exclusion of data sets with less than two non-zero observations does 
not affect the conclusions as to whether the estimates are unbiased or about the properties of the 
confidence intervals, which can only be calculated iven this condition. The mean abundance column is 
the mean over the complete set of trials for that com%ination of strata. The column Low C.I. True gives 
the percentage of trials for which the estimated lower confidence interval for abundance is greater than 
the true value. The column Upper C.I. < True is defined in an analogous way. The final column is the 
total percentage of trials in which the estimated confidence interval does not include the true abundance. 

Legendes des tableaux 

Tableau 1: Resultats des tests par simulation du parametre d'estimation de l'intervalle de confiance (C.I.) de la 
campagne d'evaluation par chalutages. Lorsque la strate 1 est concernee, le nombre d'essais est 
affect6 par l'exclusion des jeux de donnees comprenant moins de deux observations non nulles dans 
cette strate. L'exclusion des jeux de donnees comprenant moins de deux observations non nulles 
n'affecte pas les conclusions determinant si les estimations sont biaisees ou non ou concernant les 
propri6tCs des intervalles de confiance qui ne peuvent &re calcules que si cette condition est remplie. 
La colonne d'abondance moyenne (mean abundance) est la moyenne calculke sur une serie entiPre 
d'essais pour ces strates combinks. La colonne "Low C.I. > True" donne le pourcentage d'essais 
pour lesquels la limite inferieure de I'intervalle de confiance estime pour l'abondance est superieure 
a la valeur reelle. La colonne "Upper C.I. < True" est definie d'une maniPre analogue. La derniere 
colonne est le pourcentage total d'essais dans lesquels l'abondance reelle n'est pas comprise dans 
l'intervalle de confiance estime. 

Ta6nuqa 1: Pe3ynb~a~b1 HMHTaqHOHHOrO HCIIbITaHHX OIIpeAenHTeJlX AOBepEiTenbHOrO MHTepBiWla (C.1.) IIO 

TpaJIOBbIM C'beMKaM. B CnyYae CJIOX 1 HCKJlIoqeHHe ~ a 6 o p o ~  AaHHbIX, HMeIOqHX MeHee ABYX "He- 
Hyne~b1~" Ha6nIo~eHHfi, BnHXeT Ha KOnHqeCTBO HcIIb1~aHHfi. ~ c K ~ I O ~ I ~ H H ~  ~a6opoe  JJaHHbIX, 
HMeIowHX MeHee AByX "He-~yneBb~x" ~ a 6 n 1 o ~ e ~ ~ i i  He BnBXeT Ha BbIBOAbI 0 TOM, XBJlRIOTCX JIII 

OqeHKH HeCMeqeHHbIMH HJIH 3aKnIoYeHHX 0 XapaKTepHCTHKaX AOBepllTenbHbIX HHTepBanOB, 
IIOJJAaIO~tlXCsI BbIqHCJIeHHIo TOJIbKO IIpH 3TOM YCJIOBHH. K O ~ O H K ~  " C P ~ A H X I I  Y H C . ~ I ~ H H O C T ~ "  

IIOKa3bIBaeT CpeAHIOtO BenHqHHy AJIH BCeX H c I I ~ I T ~ H H %  II0 A ~ H H O ~ ~  K O M ~ E I H ~ I J U U  CJIOeB. OnOHKa 
"LOW C.1. > True" IIOKa3bIBaeT IIpOqeHTHOe OTHOIlleHHe HcII~IT~HH~~, AJIX KOTOPbIX 0~eHeHHb1fi 
H H X H I ? ~ ~  ~0~epEi~eJIbHbIfi HHTepBiWl 6onbrue HCTHHHOrO 3HaYeHHX. K O ~ O H K ~  "Upper C.1. < True" 
OIIpeAeJIeH aHan0rHqHblM o6pa30~ .  ~ o c J I ~ A H X X  KOnOHKa - o6qee IIpOqeHTHOe OTHOIlleHHe 
H c I I ~ I T ~ H u ~ ,  B KOTOPbIX 0qeHe~Hb1fi ~0Bepkt~eJIbHblfi HHTepBan He BKJIIOqaeT H C T H H H Y I o  

YHCJleHHOCTb. 

Lista de las tablas 

Tabla 1: Resultados de las pasadas de simulation del estimador del intervalo de confianza de la prospeccion 
de arrastre (C.I.). En 10s casos que incluyen el estrato 1, el nGmero de pruebas se ve afectado por la 
omisi6n de 10s grupos de datos que tienen menos de dos observaciones no nulas en ese estrato. La 
omision de grupos de datos con menos de dos observaciones no nulas no afecta la conclusi6n de que 
10s calculos son correctos o acerca de las propiedades de 10s intervalos de confianza. Estos intervalos 
pueden calcularse solo si se cumple esta condition. La colurnna de abundancia promedio es la 
media de todas las pasadas para esa combinaci6n de estratos. La columna C.I. Bajo > Real 
proporciona el porcentaje de pasadas para el cual el calculado intervalo inferior de confianza de 
abundancia es mayor que el valor verdadero. La columna C.I. Superior c Real se define de mod0 
anitlogo. La columna final representa el porcentaje total de las pasadas en la que el intervalo de 
confianza calculado no incluye la abundancia real. 




