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SUMMARY

Conversion formulae necessary for converting length to weight for north Atlantic
albacore exist and the merits of most have been discussed. This paper summarizes the histori-
cal formulae available to estimate weight from length, This transformation is important in
the estimation of total numbers canght from reported landings data. The‘adcquacy of certain
equaﬁon§= for accurately transforming catches in weight to catches in numbers is discussed
and specific concerns raised by the 1989 Albacore Workshop as to the introduction of biases
into catch estimations from continuing the use of the Beardsley (1971) weight-length curve
are reviewed. The adequacy of recommending a single length-weight relation or multiple
equations is judged. Selection is based on the temporal coverage of the sample data, the
fishery/gear coverage, geographical coverage of the data, life history stage sampled with
regards to sizes of males and females, sample size, estimation methods, and the likely amount
of bias.'i)roduccd from using a specific curve. Possible changes to the historical estimates of
the catch in numbers from the use of a different conversion formulae are discussed. Improve-

ment to the historical catch data base and possible trade-offs of accuracy in other areas are
also discussed.

RESUME

La conversion de la formule nécessaire pour convertir la longueur en poids du
germon de I'Atlantique nord existe et une grande partie des valeurs ont été discutées. Ce
document récapitule la formule historique disponible pour estimer le poids A partir de Ia
longueur. Cette transformation est importante dans 'estimation du nombre total capturé
provenant des déclarations des donmées de débarquements. L’acceptabilité de certaines
équations pour transformer de fagon précise les prises en poids en prises en nombre est
discutée et les inquiétudes spécifiques soulevées lors des Journées d’étude de 1989 sur le
germon, 2 savoir I'introduction de biais dans les estimations de prises en continuant
utiliser la courbe de poids-longueur de Beardsley (1971) sont examinées. L’acceptabilité
de recommander une relation simple longueur-poids ou des équations multiples est jugée.
La sélection est basée sur la couverture temporelle des don_hées des échantillons, la
couverture pécherie/engin, la couverture géographique des données, le stade du cycle vital
échantillonné en ce qui concerne les tailles des males et des femelles, la taille de
]’échanﬁﬂon, les méthodes d’estimation, et le montant éventuel de biais produits en utilisant
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une courbe spécifique. Les chéngeménts éventuels des estimations historiques de la prise
en nombre en utilisant une formule de conversion différente sont discutés. L'amélioration
de la base de données des prises historiques et les éventuels échanges de précision dans
d’auires zones sont également discutés.

RESUMEN

Existen férmulas de conversiGn necesarias para convertir la talla a peso del atin
blanco del Atlantico norte, y se han discutido las ventajas de la mayor parte de ellas. Este
documento resume las férmulas histéricas disponibles para estimar el peso a partir de la
talla. Esta transformacibn es importante en la estimacién del total de individuos capturados,
a partir de datos de desembarques comunicados. Se discute la idoneidad de ciertas
ecuaciones para transformar con precisién las capturas en peso en capturas en nimeros, y
se examinan, asimisma, las preocupaciones especificas sefialadas en las Jornadas de Trabajo
sobre el Atdn Blanco, 1989, en cuanto a la introduccién de sesgos en las estimaciones de
captura, de continuar la aplicacién de la curva peso-talla de Beardsley (1971). Se juzga la
oportunidad de reccmendar una Unica relacién talla-peso o multiples ecuaciones. La
seleccién se basa en Ja cobertura temporal de los datos de muestreo, la cobertura de la
pesqueria/arte, cobertura geografica de los datos, fases del ciclo vital muestreadas con
vistas a obtener tallas de machos y hembras, tamafio de la muestra, métodos de estimaci6n
y la probable importancia del sesgo producido a partir de la aplicacién de una curva
especifica. Se discutem posibles cambios en las estimaciones histéricas de la captura en
nimeros, a partir de ¥a aplicacién de vna férmula de conversién diferente. También se
discute la mejora de la base de datos historica y posibles opciones de precisién en otras
Areas,



' Introduction

Many welght-length conversion formulae for WNorth Aﬁlantic
albacore exist. These formulae are used transfo;m welght of
individual fish to length. The transformation is & primary
calculation reguired to compute the numbers caught from yle;d
(weight caught) and a length sample. Thg lat?gr is used as basic
information in many of the traditional fisheries stock assessment
nodels (e.g.; virtual population analyses). The procedure computes
numbers at length as follows. First, the length frequgncy cample
is transformed +to a weight freuency with a welght—}epgth
conversion. Then the sample average weight is computed and divided
into the yield (catch in weight) to estimate the numbers caught.
The estimated total numbers caught is then proportioned over the
length frequency to give the estimated numbers at length. One may
deconpose the estimates of numbers at length into pumbers caught at
age and incorporate into age based virtual population analyses (Fry
1949) or use the numbers at length estimates directly to
investigate stock condition (Jones 1974, 1981, Pauly et al 1387,
Fournier and Doonan 1$87, Sullivan 1989, Parrack 1990, Sullivan et
al. 1990, and Parrack 1992). The purpose of this report is to
addresses the adequacy of the weight~length formula used to
transform catches in weight to catches in numbers adopted by the
JICCAT.

An Overview of aAlbacore Weight—-length Biometrics

"The entity with responsibility for assessing the status of
albacore . tuna stocks in the ‘North Atlantic is. the International
Commission for the Conservation Atlantic Tunas (ICCAT). The 1989
ICCAT Albacore Workshop (ANON., 199%0) reviewed four studies that
dealt with the weight-length relatians of atlantic Albacore. These
four studies were considerad comparable in terms of most major
sampling attributes (e.g., geographical and fishe:y coverage and
sizes sampled, reasonable sample sizes, and timeéspan). Otper
studies exist on this topic however, since they were concerned with
albacore resources in the North Pacific and Indian Ocean, they were
excluded from selection. The four studies considered were
Beardsley (1971), Bard (1981), ¥ejuto and Gonzalez-Garces 1935,_and
the Albacore working group (ANON 1990). These autho;s described
weight-length relations from albacore samples taken in the North
Atlantic from surface and longline fisheries. Although, tbese
studies were not identical in terms of fishery coverage, sizes
sanpled, months samples they were though as being most relevant for
describing North Atlantic Albacore weight-length biometrics (Table
1). .

Beardsley’s (1971) fuction was adopted by the WOrkshqp, put
the Beardsley function did not consider sex, the estlmaylon
procedure was not described, the tetal sample size was not given
{although at least 350 fish were from lomgline samples), and the
amount of variation explained by the fitted model (;‘) was not
given. The Workshop felt that universasl application of the
Beardsley function might introduce biases into weigh? estimates for
larger f£ish (>%0 cm). The group compared weight estimates from the
Beardsley function with that from relations developed for North
Pacific and Indian Ocean fish (Anon 1990) and found that the
estimated values for fish 90 cm and larger were diffgrent for ‘the
two conversions. It was not possible to determine which model was
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unbiase but only that there were differences between weight
estimates at larger sizes. These differences might be a result of
sampling larger sized fish only during months of spawning. Fish
would be fattier and heavier and have higher allometric factors

(the b parameter in the weight-length function) than during other
seasons.

The Peardsley sample size was larger than most studies to
date. The overall coverage in size was most representative of all
(approximately 60-120 om) studies. The data series extended from
1266~-1970 and captured year to year changes in the weight~length
relation. The geographical coverage included the entire Atlantic
coverlng the major fisheries and all months of -the year were
sampled; Beardsley included longline caught fish sampled at Puerto
Rico and fish from the Bay of Biscay surface fishery (1967-1970).
In general the Beardsley data set was reasonably comprehensive.

The existence of sexual dimorphism was identified by the
Workshop as important in future research for North Atlantic
albacore. This concern was not great though and support for this
appears evident from several studies conducted in the North
Atlantic. Bard’s 1981 study alsoc showed no najor differences in
the weight-length relation between sexes for fish sampled from 85-
120 cm and only minor differences in the estimates were apparent
beyond the sample data. De Jeeger’s (1963) also study did not
find the weight-length relation to differ by sex. The recent study
by Santiago (unpublished 1992) further addressed sexual dimorphism
in the weight-length relation. This study is the most recent study
garmane to this topic. Fish were sampled (n=714) from 1990 between
July and December in the Bay of Biscay and the Azores from surface
fisheries. This study used systematic sampling and provided
detailed explanation of the analyses. The importance of sex and
within year variation of weight in length (quarter of the year) was
investigated using a general linear model. 95% confidence interval
estimates of weight at length were compared to the precicted weight
calculated from the model adopted by the ICCAT (the Beardsley
function). These results provide the bagis to further judge the
adequacy of the Beardsley weight-length function for computing
weight from length.

SuBmary

The 1989 albacore Workshop conducted a broad review of all
weight-length formula relevant for North Atlantic albacore for use
in transforming catches in weight to catches in numbers. The
Beardsley weight-length function was adopted as best reflecting
weight at length from the available North Atlantic relations.
Analyses of the Workshop also showed that the curves are similar up
to until about 90-95 cm (Anon 1990, Table 8,9 & Figure 10) and
suggest extremely small differences from about 95-105 cm. 2lthough
the curves diverged after size 50 cm however, analyses of the 1969
Workshop .showed that Beardsley curve fell about mid-way of the
remaining six curves considered. Weight at length estimates for
some curves were higher than the Beardsley and others lower. These
results clarify the disparity between the Beardsley curve and
others and show that major differences occurr at about 105 cm. The
group &dvised that continued sampling tc investigate sexual
dimorphism especially in the larger fish (>120 cm) should ensue.



Santiago (1$92) in his sampling of fish from the Azores and
Bay of Biscay in 1990 considered the problem of sexual dimorphism.
Those results support the finding by Bard that sexual dimorphism is
not strong factor in the weight-length relation for the size range
covered in the study (up to 117 cm). Santlago’s regression
parameter estimates do differ slightly from the equation parameters
of Beardsley 1971 study but the statistical significance of the
difference had not been determined yet. The 0.95 % confidence
intervals of weight at length from the Santiago study do however
include Beardsley’s weight estimates up until about 100 cm. This
suggests that the overall diffevences are indeed slight when
comparisons are made on similar size ranges.

The 1989 Albacore Workshop adopted the Beardsley weight-length
relation as predicting weight at length with reascnable accuracy.
Deficiences of the study were noted and important analyses to be
conducted in the near future were recommended and carried out soon
after the Workshop. The results from that study (Santiago 1982)
described above suggest that sexual dimorphism can be eliminated
from the list of elements that: are of concern in the length weight

relation. The concern of biss from application of the Beardsley
function for fish of larger sizes (%0 cm +) does not seem
significant. Santiago’s study results support this for fish up to

about 100 cm. Use of the Beardsley function for historical catch
eatimations (pre 1990) is justified based upon analysis findings
presented by the 1989 Workshop. These are, the robustness of the
Beardsley study in terms of overall geographical coverage, large
sample size as compared to earlier existing studies, fisheries
covered, and the within year sampiing intensity. That workshop
also showed that upto about 90 cm all historical curves behaved
very similarly. After %0 cm estimates from the Beardsley curve
were generally mid way of the other curves. This finding suggests
that of the six curves evaluated by the Workshop the Beardsley
curve was most conservative of all historical curves. Comparisons
of curves generated from Indian Ocean and Korth Pacific fish,
although of academic interest, have no real support. scientlfxcally
for North Atlantic albacore.

Reccomeendations

Ratheri-extensive studies of the weight-length relation in
Horth Atlantic albacore have resulted in as many as 10-15
conversion formulae (ANON 1990, Santiage 1992). The results of
these studies indicate that up to 100 om, any single equation will
predict weight at length with reasonable confidence. This finding
alone indicates that use of a different conversion by ICCAT for
converting length to weight will not drastically alter estimates of
the historical data base up through size 100 cm and is not
recommended.  In addition, for fish caught before 1990 the
Beardsley relation remains appropriate since that study remains the
nost comprehensive as regards spatial and temporal coverage.
Beavrdsley used fish sampled from surface and from longline
fisheries and sampled year round. An interesting cbservation from
all “of these studies when compared together, is the overall
robustness of the albacore welght-length relation through time and
area. In general, multiple studies conducted over a span of over 30
years (1951-1990) yield strikingly similar results suggesting the
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weight-length relation has not altered significantly over time.
The Beardsly fuction though developed frcam fish sampled in the
1860’s still reflects the albacore allometric relatlon of fish
sampled in 1390 reasonably accurately.

The results from Bard’s study and those of Santiage suggest
seyual dimorphism also is no longer a concern in the relation. For
fish uwp to 106 cm the Beardsley welght~length function is
recommended. Concern of bias in weight estimstes generated, from
Beardsley’s function, for fish larger from 90-100 cm is
insignificant based on the 0.95 % confidence interval éstimates
from Santiago’s study. The current North Atlantlc albacore catch
is composed of few fish greater than 100 ‘tm. '“The amount of bias
introduced to the estimates of catch numbe;g,;n\the catch for these
gizes is insignificant in comparison to other probable errors
associated with sampling the larger and more rare size groups.
Errors in estimatées of total catch asociated with biases in catch
reporting and low sampling rates are much more of a concern than
these possible systematic biases associated with the use of ocne
weight-length over another.

0f the studies conducted to date the Beardsley remains the
most comprehensive study as regards major sampling attriputes. The
use by ICCAT of another conversion for converting length to weight
will not 1likely produce. large Wdifferences in the historical
estimates of numbers at length in the catch and is not recommended.
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Table 1. Length Weight Studies for North Atlantic Albacore.

Teaporal Coverage
Study Years Honths  Size Range  Pishery drea Sazple Size  Comments
Beardsley (1871} 1967-1970 1-12 60-115 ca - longline,  Canneries 150 - langline fish {i.e., fish
{Puerte Rico), >30cx), frozen § thaved,
SumRer Surface Bay of Biscay - surface fish < 90 ez froa
fresh sazples
Bard {1981) 1952 69 46-90 ca k13
1852 8 90110 92
1961,1969 68 50-75 ¢ 357
1970 112 85~115 350
1977 9 50-103 230
¥ejuto {1985} - 1984 78 4992 Troll Yorth Atlantic 1203
Santiago (1992) 1950 i SF) 17 Surface Bay of Biscay, M

Ayares




